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Abstract

Background: The aim of the study was to investigate the in-
cidence and spectrum of adverse events in unresectable he-
patocellular carcinoma (HCC) patients treated with immune
checkpoint inhibitors (ICls) or ICl-based combinations. Sum-
mary: The study protocol was prospectively registered on
PROSPERO (CRD42022319255). We searched PubMed, EM-
BASE, and the Cochrane Library for published clinical trials
from database inception to April 22, 2022. Studies that in-
cluded at least one group of unresectable HCC patients
treated with ICls or ICl-based combinations and reported the
incidence or spectrum of treatment-related adverse events
(trAEs) or immune-related adverse events (irAEs) were eligi-
ble. The incidence and spectra of all-grade and grade =3

trAEs were the primary outcomes. The profiles of irAEs, the
incidence of trAEs leading to treatment discontinuation, and
treatment-related mortalities were additional outcomes. We
applied random-effects models to pool the incidence and
spectra of adverse events. Subgroup analyses and meta-re-
gression were performed. The literature search identified
2,464 records. Twenty studies (4,146 participants with HCC)
met the eligibility criteria. The pooled incidences of all-grade
trAEs, grade >3 trAEs, all-grade irAEs, and grade >3 irAEs
were 80.1% (95% Cl: 73.8-85.2), 35.4% (95% Cl: 27.2-44.6),
31.1% (95% Cl: 21.0-43.5), and 6.6% (95% Cl: 3.6-11.8), re-
spectively. ICls plus oral targeted agents (all-grade OR =
17.07,95% Cl: 6.05-48.16, p < 0.001; grade >3 OR=9.35,95%
Cl: 4.53-19.29, p < 0.001) and ICIs plus intravenous targeted
agents (all-grade OR = 4.91, 95% Cl: 1.80-13.42, p = 0.003;
grade =3 OR = 4.21, 95% Cl: 1.42-12.48, p = 0.012) were
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associated with increased trAEs compared with monothera-
py. The all-grade trAEs with the highest pooled incidences
were reactive capillary endothelial proliferation (49.2%, 95%
Cl: 26.3-72.3), neutropenia (34.6%, 95% Cl: 17.1-57.5), and
proteinuria (32.8%, 95% Cl: 19.8-49.2). The grade >3 trAEs
with the highest pooled incidences were hypertension
(11.1%, 95% Cl: 4.0-29.0), neutropenia (10.5%, 95% Cl: 7.0-
15.4), and increased aspartate aminotransferase (7.7%, 95%
Cl: 6.3-9.4). The pooled incidence of trAEs leading to treat-
ment discontinuation was 8.0% (95% Cl: 6.0-10.5), and the
overall incidence of treatment-related mortalities was 1.1%.
Key Messages: This study comprehensively summarized the
incidence and spectrum of trAEs in unresectable HCC pa-
tients receiving ICls or ICl-based combinations in clinical tri-
als. The results from this study will provide a useful reference

to guide clinical practice. ©2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

Immune checkpoint blockade, which manipulates in-
nate and adaptive immunity to reactivate or enhance the
antitumor immune response, has broadened the choices
of systemic therapies for various malignancies [1].
Currently, clinical immune checkpoint blockade mainly
targets the PD-1/PD-L1 axis and has yielded favorable re-
sponses in non-small cell lung cancer [2, 3], melanoma [4,
5], and hepatocellular carcinoma (HCC) [6, 7].

Since 2017, immune checkpoint inhibitors (ICIs) and
ICI-based combinations have become the new hope for
improving the prognosis of unresectable HCC patients.
Nivolumab and pembrolizumab achieved objective re-
sponse rates of 20% and 17%, respectively, prolonged the
survival of HCC patients after sorafenib failure or intoler-
able toxicity, and were approved by the American Food
and Drug Administration as second-line systemic treat-
ment of unresectable HCC [6, 8]. The clinical utility of
combinations of ICIs and targeted agents has also been
explored for unresectable HCC patients. The phase III IM-
bravel50 trial reported that unresectable HCC patients
without previous systemic therapy receiving atezolizumab
combined with bevacizumab had prolonged median pro-
gression-free survival (PES) (6.9 months vs. 4.3 months)
and an improved objective response rate (27.3% vs. 11.9%)
over sorafenib with acceptable and manageable toxicity
[7]. Favorable outcomes of unresectable HCC patients
treated with a combination of ICIs and targeted agents
were also reported in other clinical trials [9, 10]. Currently,
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ICI monotherapies and ICI-based combinations are rec-
ommended for the treatment of unresectable HCC by the
NCCN and ESMO guidelines [11, 12].

There are concerns about the toxicities of ICIs and
ICI-based combinations. As adverse events (AEs) gener-
ally require more careful monitoring and high-grade
AEs could lead to a worse prognosis, it is very important
to systematically investigate the incidence and spectrum
of AEs of ICI-based combinations. In a previous system-
atic review and meta-analysis, the incidence of all-grade
AEs was 66.0%, and the incidence of grade >3 AEs was
14.0% for cancer patients treated with single-agent PD-1
or PD-L1 inhibitors [13]. In another systematic review,
the overall incidence of all-grade treatment-related ad-
verse events (trAEs) was 94.5%, and the overall incidence
of grade >3 trAEs was 47.3% for patients treated with
PD-1 or PD-L1 inhibitors combined with targeted thera-
pies [14]. Previous systematic reviews and meta-analyses
summarized the AE profiles of ICIs or ICI-based combi-
nations in pan-cancer settings. As few clinical trials of
HCC were included in these reviews and many clinical
trials for HCC have been published since these reviews,
a summary of the AE profiles specifically for HCC pa-
tients is needed to provide an important reference for
clinical practice. The aim of this systematic review and
meta-analysis was to investigate the incidence and spec-
trum of AEs in unresectable HCC patients treated with
ICIs or ICI-based combinations.

Materials and Methods

This study was performed in accordance with the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses (PRIS-
MA) statement [15]. The study protocol was registered prospec-
tively on PROSPERO (CRD42022319255). Two authors (Y. Z. and
M. W.) independently performed the study selection and data ex-
traction. All discrepancies were resolved by discussion with a third
author (H. Z.) to reach a consensus.

Search Strategy and Selection Criteria

We searched PubMed, EMBASE, and the Cochrane Library
for published English-language clinical trials of unresectable
HCC treated with ICIs or ICI-based combinations from data-
base inception to April 22, 2022. The key search items included
“hepatocellular carcinoma,” “PD-1,” “anti-PD-1," “PD-L1,” “anti-
PD-L1,” “CTLA-4, “anti-CTLA-4,” “immune checkpoint inhib-
itors,” “nivolumab,” “pembrolizumab,” “atezolizumab,” “ipilimumab,’
“tremelimumab,” “sintilimab,” “penpulimab,” “dostarlimab,” “ave-
lumab,” and “clinical trial” The bibliographies of the included
studies and relevant reviews were manually screened to avoid
omissions. The detailed search strategies are presented in online
supplementary Table 1 (for all online suppl. material, see www.
karger.com/do0i/10.1159/000528698).
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We applied the following selection criteria: (1) published re-
ports of prospective clinical trials; (2) studies with at least one
treatment group (arm) of unresectable HCC treated with ICIs as
monotherapy or concomitantly combined with other agents; (3)
studies that reported the incidence of trAEs or immune-related
adverse events (irAEs) or tabulated data of the spectrum of
trAEs or irAEs; (4) studies evaluating AEs according to the
Common Terminology Criteria for Adverse Events (CTCAE);
and (5) studies published in English. Studies that did not meet
all of the selection criteria were excluded. Other exclusion crite-
ria were as follows: (1) retrospective studies; (2) studies assess-
ing ICIs other than anti-PD-1, anti-PD-L1, or anti-CTLA-4
agents; (3) studies reporting ICIs for HCC patients in neoadju-
vant or adjuvant settings; (4) studies assessing ICIs combined
with locoregional therapies, sequential therapies, or triplet com-
binations; (5) studies involving malignancies other than HCC
and data of interest could not be extracted; (6) treatment groups
including fewer than 10 patients; (7) conference abstracts with-
out published reports; (8) commentaries, reviews, letters, and
editorials; and (9) duplicate cohorts. Multiple publications re-
porting different cohorts of the same study without overlapping
study populations were all included if eligible. If multiple re-
ports of the same cohort were identified, only the most informa-
tive report was selected.

Data Analysis

We extracted the following data from each included study:
basic information (trial names, National Clinical Trial number,
year of publication, and first author); study methods (trial phase,
randomization, blinding, treatment groups, line of systemic ther-
apy, and CTCAE version); participants (number of participants
enrolled, names of ICIs, types of ICIs, doses of ICIs, type of treat-
ment combination, name and dose of other drugs, and number
of participants included in the safety analyses); exposure (type of
AEs and criteria for reporting AEs); and outcomes (number of
participants with at least 1 CTCAE all-grade or grade >3 trAEs
or irAEs, number of treatment-related mortalities, number of
trAEs leading to treatment discontinuation, detailed types and
frequencies of each all-grade or grade >3 trAEs or irAEs, treat-
ment-related mortalities, and trAEs leading to treatment discon-
tinuation). The data were extracted separately for each treatment
group. AEs were coded according to the Preferred Terms in the
Medical Dictionary for Regulatory Activities (MedDRA). To ex-
plore the relationship between drug exposure, PES, overall sur-
vival (OS), and the incidence of AEs, median exposure (duration
of ICI treatment), median follow-up, the criteria for assessing
PFS, median PFS, and median OS were also extracted for each
eligible treatment group.

Outcomes

As prespecified in the study protocol, the primary outcomes of
this study are the incidence and spectrum of all-grade and grade
>3 trAEs. The incidence of AEs was calculated from the number
of participants with at least one AE divided by the number of par-
ticipants included in the safety analysis. The spectrum of AEs is
defined as the incidence of each type of AE. Additional outcomes
included the incidence of trAEs leading to treatment discontinua-
tion and the incidence of treatment-related mortalities. The inci-
dence and spectrum of all-grade and grade >3 irAEs were listed as
additional outcomes in the study protocol.

Adverse Events of Immune Checkpoint
Inhibitor-Based Therapy for HCC

Statistical Analysis

All statistical analyses were performed based on treatment
groups. The incidence of AEs was the effect measure of the pri-
mary outcomes. We applied random-effects models with restrict-
ed maximum likelihood estimation for the meta-analysis of the
incidence and spectrum of AEs. A continuity correction of 0.5 was
applied to treatment groups with zero or all events, and the inci-
dence was logit transformed before the meta-analysis. AEs in dif-
ferent treatment groups from one study were pooled separately. To
limit the number of AEs included in the primary analysis of the AE
spectra, only the AEs that are reported by at least 10% of the in-
cluded treatment groups were pooled, regardless of the reported
incidence. For the subgroup analyses of the AE spectra that only
include no more than 20 treatment groups, AEs that are reported
by at least 2 treatment groups were pooled.

The incidence of trAEs leading to treatment discontinuation
and the incidence of irAEs were also pooled. The incidence of
treatment-related mortalities was calculated from the total num-
ber of treatment-related mortalities divided by the total number of
participants included in the safety analyses, as we expected fre-
quent zero cells.

Prespecified subgroup analyses were performed according to
the line of systemic therapy, type of treatment combination, and
types of ICIs. Forest plots of results from the main and subgroup
analyses, including the incidence and 95% CIs of subgroups with
one single treatment group, were plotted for demonstration. The
95% Cls for subgroups with only one treatment group were calcu-
lated with the two-sided Clopper-Pearson method. We also per-
formed multivariable meta-regression analysis to identify the fac-
tors associated with the incidence of all-grade and grade >3 trAEs
and the sources of potential heterogeneity. Protocol-prespecified
predictors were the line of systemic therapy, type of treatment
combination, and type of ICIs. As an exploratory analysis, the re-
lationship between median OS, median PFS, and drug exposure,
and the incidence of AEs was also analyzed by a separate multivari-
able meta-regression analysis after adjusting for the line of sys-
temic therapy, type of treatment combination, and type of ICIs.
The meta-regression models were also fitted with restricted maxi-
mum likelihood estimation and a continuity correction of 0.5 be-
fore logit transformation. Tests of individual coefficients in the
meta-regression models were performed by the Knapp and Har-
tung method to obtain conservative results [16]. Likelihood ratio
tests between the meta-regression model with all predictors and a
model with all predictors except the one of interest were performed
to give the overall p value of each predictor. Both models for the
likelihood ratio test were fitted with the maximum likelihood esti-
mator. We also performed post hoc multivariable meta-regression
analyses, selecting ICIs combined with intravenous targeted agents
as the referent of the type of treatment combination to compare
the incidence of AEs between ICIs combined with intravenous tar-
geted agents and ICIs combined with oral targeted agents.

Heterogeneity across the included treatment groups was as-
sessed with the x? test and I statistic test. Publication bias was as-
sessed with modified funnel plots of log odds against the number
of participants included in the safety analyses, as the convention-
ally constructed funnel plots were inaccurate in the meta-analyses
of proportion studies when the incidence was close to zero or one
[17]. Egger’s test with the number of participants included in the
safety analyses as the predictor was also performed to assess pub-
lication bias [18]. The risk of bias of the randomized controlled
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trials was evaluated with the RoB 2 tool from the Cochrane Col-
laboration [19]. The risk of bias of nonrandomized cohort studies
was assessed with the Newcastle-Ottawa scale [20]. Two authors
(Y.D. and ].C.) independently performed the risk of bias assess-
ment, and discrepancies were resolved by discussion with a third
author (Q.C.) to reach a consensus. A two-sided p value of <0.05
indicated statistical significance. All statistical analyses were per-
formed with R software (version 4.0.2) and metafor packages (ver-
sion 3.0-2) [21].

Results

Characteristics of Included Studies

A total of 2,464 records were identified in the systemic
search. We identified 37 potentially eligible studies and
performed full-text screening. Fourteen records were ex-
cluded by full-text assessment for lacking data for HCC
(n=6), duplicate cohort (n = 5), lacking required data for
AEs (n = 2), or not being a clinical trial (n = 1). Twenty-
three reports of 20 studies (including 3 reports from the
CheckMate 040 study [6, 22, 23] and 2 reports from the
KEYNOTE-224 study [24, 25]) involving a total of 4,146
participants in the safety analyses were included (Fig. 1)
(6,9, 10, 22-41]. Thirty-four treatment groups from the
20 studies reported AEs in unresectable HCC patients
treated with ICI monotherapy or ICI-based combina-
tions and were included in the quantitative analyses. The
characteristics of included studies are shown in online
supplementary Table 2. The characteristics of included
treatment groups are shown in online supplementary Ta-
ble 3. Four treatment groups from 3 studies evaluated AEs
with CTCAE version 5.0 [37, 40, 41]. The grading criteria
of AEs related to liver function (e.g., aspartate amino-
transferase (AST), increased alkaline phosphatase, and
increased alanine aminotransferase) were modified in
CTCAE version 5.0 that patients with elevated test levels
at baseline were compared to their baseline level instead
of upper limits of normal in CTCAE version 4, which may
lead to lower degree of these AEs. We further excluded
the treatment groups with CTCAE version 5.0 from the
analyses of the incidence and spectra of trAEs/irAEs and
trAEs leading to treatment discontinuation. These treat-
ment groups were only included in the analysis of treat-
ment-related mortalities. The risk of bias assessment is
presented in online supplementary Table 4-5.

Among the 17 included studies with CTCAE version
4, 12 treatment groups involving 1,251 participants as-
sessed ICI monotherapy or ICI-based combinations as
first-line systemic therapy for HCC, while 18 treatment
groups involving 1,580 participants enrolled patients
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previously treated with systemic therapies. For the types
of treatment combination, 14 treatment groups involving
1,616 participants assessed ICIs as monotherapy, four
treatment groups involving 521 participants assessed
ICIs combined with intravenous targeted agents, five
treatment groups involving 343 participants assessed
ICIs combined with oral targeted agents, five treatment
groups involving 302 participants assessed dual ICIs
combinations, one study assessed ICI combined with
chemotherapy, and one study assessed ICI combined
with an anti-CCR4 agent. For the type of ICIs, 16 treat-
ment groups involving 1,728 participants assessed anti-
PD-1 agents (nivolumab, pembrolizumab, penpulimab,
camrelizumab) as monotherapy or combined with other
non-ICI agents, eight treatment groups involving 732
participants assessed anti-PD-L1 agents (durvalumab, at-
ezolizumab, and avelumab) as monotherapy or com-
bined with other non-ICI agents, one treatment group
assessed anti-CTLA-4 agents (tremelimumab) as mono-
therapy, and five treatment groups assessed dual ICIs
combinations (nivolumab combined with ipilimumab,
durvalumab combined with tremelimumab).

The Incidence of All-Grade and Grade 23 trAEs

Among the included studies with CTCAE version 4, 30
treatment groups involving 2,831 participants reported
the overall incidence of trAEs of ICIs as monotherapy or
ICIs-based combinations were included in the analysis.
The pooled incidence of all-grade trAEs was 80.1% (95%
CIL: 73.8-85.2, I = 92%, test for heterogeneity p < 0.001).
Among the included studies, 27 treatment groups in 18
studies involving 2,668 participants who reported the in-
cidence of grade >3 trAEs were included in the analysis.
The pooled incidence of grade >3 trAEs was 35.4% (95%
CI: 27.2-44.6, I = 94%, test for heterogeneity p < 0.001).
The incidence of irAEs and grade >3 irAEs were reported
in five treatment groups involving 273 participants. The
pooled incidence of all-grade irAEs was 31.1% (95% CI:
21.0-43.5, I* = 66%, test for heterogeneity p = 0.011), and
the pooled incidence of grade >3 irAEs was 6.6% (95% CI:
3.6-11.8, I* = 25%, test for heterogeneity p = 0.323)
(Fig. 2).

In the treatment groups assessing ICI monotherapy or
ICI-based combinations as the first-line systemic therapy
for unresectable HCC, the pooled incidence of all-grade
trAEs was 82.7% (95% CI: 68.0-91.5, I> = 96%, test for
heterogeneity p < 0.001), and the pooled incidence of
grade 23 trAEs was 39.6% (95% CI: 21.9-60.5, I =97%,
test for heterogeneity p < 0.001). In the treatment groups en-
rolled patients previously treated with systemic therapies,
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936 from PubMed
1,166 from Embase

2,464 records identified through database search

356 from Cochrane CENTRAL

2,424 records excluded by title/abstract assessment
1,638 irrelevant topics

Y

572 duplicate studies
159 conference abstracts
55 trial protocols/trial registration

37 full-text assessed for eligibility

14 records excluded by full text assessment
6 lack data for hepatocellular carcinoma
5 duplicate cohort

> 2 lack both incidence rate and
tabulated spectrum for treatment-related
or immune-related adverse events

1 not clinical trial

23 eligible reports included in quantitative analyses

Y

3 records excluded due to
CTCAE version

Y

Y Y

23 reports of 20 studies for incidence
of treatment-related mortality

20 reports of 17 studies for incidence
of treatment-related adverse
events

18 reports of 15 studies for spectrum
of treatment-related adverse
events

Fig. 1. Flow diagram of study selection. CTCAE, Common Terminology Criteria for Adverse Events.

the pooled incidence of all-grade trAEs was 78.5% (95%
CI: 72.5-83.5, I? = 82%, test for heterogeneity p < 0.001),
and the pooled incidence of grade >3 trAEs was 32.5%
(95% CI: 25.2-40.7, I* = 88%, test for heterogeneity p <
0.001).

In the treatment groups assessing ICIs as monothera-
py for unresectable HCC, the pooled incidence of all-
grade trAEs was 69.7% (95% CI: 60.8-77.3, 2 =91%, test
for heterogeneity p < 0.001), and the pooled incidence of
grade >3 trAEs was 22.3% (95% CI: 18.1-27.1, I =72%,

Adverse Events of Immune Checkpoint
Inhibitor-Based Therapy for HCC

test for heterogeneity p < 0.001). In the treatment groups
of ICIs combined with intravenous targeted agents, the
pooled incidence of all-grade trAEs was 82.9% (95% CI:
73.1-89.6, I> = 76%, test for heterogeneity p = 0.006), and
the pooled incidence of grade 23 trAEs was 43.7% (95%
CI: 38.6-49.0, I? = 5%, test for heterogeneity p = 0.465).
In the treatment groups of ICIs combined with oral tar-
geted agents, the pooled incidence of all-grade trAEs was
95.7% (95% CI: 91.1-98.0, I? = 24%, test for heterogeneity
p = 0.186), and the pooled incidence of grade >3 trAEs
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AEs category

trAE any grade
trAE grade 3-5
irAE any grade

irAE grade 3-5

No. of arms

30

Events/N

2,201/2,831

894/2,668

77/273

16/273

Incidence (95% Cl)

80.1(73.8-85.2) —m—

35.4 (27.2-44.6) .

31.1(21.0-43.5) [ — |

6.6 (3.6-11.8) o
T T T T T T T 1
0 0.25 0.50 0.75 1.00
Incidence

Fig. 2. Forest plot showing overall incidence of trAEs and irAEs. Random-effects model with restricted maximum
likelihood estimation was applied. AE, adverse event; trAE, treatment-related adverse event; irAE, immune-re-

lated adverse event.

Table 1. Multivariable regression analysis of study-level factors associated with the incidence of all-grade trAEs and grade >3 trAEs

Variable All-grade trAEs (28 treatment groups) Grade >3 trAEs (25 treatment groups)
OR 95% ClI p value OR 95% Cl p value
Line of systematic therapy 0.006" 0.077"
First-line Ref Ref
Previously treated 2.31 1.18-4.53 0.017 1.55 0.83-2.89 0.159
Treatment type <0.001" <0.001"
ICI monotherapy Ref Ref
ICl plus targeted agents (oral) 17.07 6.05-48.16 <0.001 9.35 4.53-19.29 <0.001
ICI plus targeted agents (iv) 491 1.80-13.42 0.003 4.21 1.42-12.48  0.012
Dual ICls therapy 1.25 0.60-2.62 0.534 1.74 0.88-3.45 0.104
Type of ICls 0.214" 0.060"
Anti-PD-1 Ref Ref
Anti-PD-L1 0.63 0.29-1.40 0.246 0.78 0.33-1.87 0.561
Anti-CTLA-4 1.69 0.43-6.66 0.434 2.54 0.75-8.63 0.126

trAE, treatment-related adverse event. * The overall p value of each predictor was calculated from a likelihood ratio test between the
meta-regression model with all predictors and a model with all predictors except the one of interest. Both models for the likelihood ratio

test were fitted with the maximum likelihood estimator.

was 64.2% (95% CI: 41.3-82.1, I> = 92%, test for hetero-
geneity p < 0.001). In the treatment groups assessing dual
ICIs combinations, the pooled incidence of all-grade
trAEs was 79.2% (95% CI: 70.1-86.1, I?> = 63%, test for
heterogeneity p = 0.033), and the pooled incidence of
grade >3 trAEs was 34.5% (95% CI: 25.6-44.7, I* = 67%,
test for heterogeneity p = 0.017).

In the treatment groups assessing anti-PD-1 agents as
monotherapy or combined with other non-ICI agents, the
pooled incidence of all-grade trAEs was 83.1% (95% CI:
71.9-90.4, I = 95%, test for heterogeneity p < 0.001), and
the pooled incidence of grade >3 trAEs was 35.9% (95%
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CI: 23.5-50.5, I> = 96%, test for heterogeneity p < 0.001).
In the treatment groups assessing anti-PD-L1 agents as
monotherapy or combined with other non-ICI agents, the
pooled incidence of all-grade trAEs was 76.7% (95% CI:
62.9-86.5, I* = 90%, test for heterogeneity p < 0.001), and
the pooled incidence of grade 23 trAEs was 33.6% (95%
CI: 16.3-56.8, I> = 95%, test for heterogeneity p < 0.001).
Results from the subgroup analyses for the incidence of
all-grade trAEs and grade >3 trAEs are summarized in
Figure 3. Due to the limited number of studies reporting
the incidence of all-grade irAEs and grade >3 irAEs, these
prespecified subgroup analyses were not performed.
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trAE subset No. of arms Events/N Incidence (95% Cl)
trAE fullset 30 2,201/2,831 80.1 (73.8-85.2) —
Treatment line
First-line 12 983/1,251 82.7 (68.0-91.5) L ————
Previously treated 18 1,218/1,580 78.5 (72.5-83.5) —
Treatment modality
ICl Monotherapy 14 1,141/1,616 69.7 (60.8-77.3)
ICl+Target (oral) 5 333/343 95.7 (91.1-98.0) —
ICl+Target (i.v.) 4 440/521 82.9 (73.1-89.6) —_—
Dual ICI 5 238/302 79.2 (70.1-86.1) —_—
ICl+anti-CCR4 1 15/15 100.0 (78.2-100.0)* —_— .
ICl+Chemotherapy 1 34/34 100.0 (89.7-100.0)* J—
ICI type
anti-PD-1 16 1,336/1,728 83.1(71.9-90.4) —_—
anti-PD-L1 8 569/732 76.7 (62.9-86.5) —_—
anti-CTLA-4 1 58/69 84.1 (73.3-91.8)* —_—
Dual ICI 5 238/302 79.2 (70.1-86.1) —_—
trAE grade 3-5
trAE grade 3-5 fullset 27 894/2,668 35.4 (27.2-44.6) —_—
Treatment line
First-line 11 441/1,147 39.6 (21.9-60.5)
Previously treated 16 453/1,521 32.5 (25.2-40.7) —
Treatment modality
ICl Monotherapy 12 338/1,557 22.3(18.1-27.1) —
ICl+Target (oral) 5 236/343 64.2 (41.3-82.1)
ICl+Target (i.v.) 3 183/417 43.7 (38.6-49.0) —
Dual ICI 5 103/302 34.5 (25.6-44.7) —_—
ICl+anti-CCR4 1 5/15 33.3(11.8-61.6)*
ICl+Chemotherapy 1 29/34 85.3 (68.9-95.0)* _—
ICl type
anti-PD-1 15 538/1,699 35.9 (23.5-50.5)
anti-PD-L1 6 223/598 33.6 (16.3-56.8)
anti-CTLA-4 1 30/69 43.5 (31.6-56.0)* —_—
Dual ICI 5 103/302 345 (25.6-44.7) —_—
T T T T T T T 1
0 0.25 0.50 0.75 1.00
Incidence

Fig. 3. Incidence of all-grade and grade 3-5 treatment-related AEs based on the line of systemic treatment, treat-
ment type, and ICI type. Random-effects model with restricted maximum likelihood estimation was applied un-
less specified. *For subgroups with one treatment group, Clopper-Pearson method was applied to calculate 95%
confidence interval. trAE, treatment-related adverse event; ICI, immune checkpoint inhibitor.

Table 2. Protocol-prespecified exploratory analysis of the association between median PFS, median OS, and exposure of ICls and the
incidence of all-grade trAEs and grade >3 trAEs after adjusting for the line of systemic treatment, treatment type, and type of ICls

Variable All-grade trAEs Grade >3 trAEs
number of OR 95% ClI p value number of OR 95% Cl p value
treatment groups treatment groups
Median PFS 25 0.97 0.70-1.36 0.862 22 0.80 0.59-1.08 0.129
Median OS 22 1.13  1.03-1.23 0.010 19 1.05 0.995-1.11  0.071
Median exposure 20 1.14 0.96-1.35 0.128 19 1.07 0.98-1.17 0.114

trAE, treatment-related adverse event; PFS, progression-free survival; OS, overall survival.

Factors Associated with the Incidence of All-Grade analysis, as these two types of treatment combination
and Grade 23 trAEs each includes only a single study with a limited number of
We further excluded ICI plus chemotherapy and ICI plus  participants. The results from the multivariable regression
anti-CCR4 agents from the multivariable meta-regression analyses are summarized in Table 1. In the multivariable
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regression analysis, the line of systemic therapy and treat-
ment type were associated with the risk of all-grade trAEs.
Compared with treatment groups in the first-line setting,
treatment groups enrolled patients previously treated

with systemic therapies had an increased incidence of all-
grade trAEs (OR = 2.31, 95% CI: 1.18-4.53, p = 0.017)
after adjusting for treatment type and type of ICIs. Com-
pared with ICIs as monotherapy, ICIs combined with oral

trAE SOC category

No. of arms

Blood and lymphatic system disorders

Neutropenia
Thrombocytopenia
Leukopenia
Lymphopenia
Anaemia

Endocrine disorders
Hypothyroidism
Adrenal insufficiency
Hyperthyroidism
Gastrointestinal disorder:
Diarrhoea

Nausea

Abdominal distension
Stomatitis

Abdominal pain
Vomiting

Dry mouth

S

General disorders and administration site conditions

Fatigue

Asthenia

Malaise

Pyrexia

Oedema peripheral
Hepatobiliary disorders
Hyperbilirubinaemia

Hepatic function abnormal
Immune system disorders

RCEP

Injury, poisoning and procedural complications

Infusion related reaction

Metabolism and nutrition disorders

Hypoalbuminaemia
Decreased appetite
Hyponatraemia
Musculoskeletal and con
Myalgia

Arthralgia

Nervous system disorders

Dysgeusia
Headache

ey Y
woo—0O

nective tissue disorders

-
Hw o O WU w I o un

Renal and urinary disorders

Proteinuria
Haematuria

Respiratory, thoracic and mediastinal disorders

Dysphonia
Cough
Pneumonitis

wwh w ~

Skin and subcutaneous tissue disorders

Pruritus
Rash
PPES
Rash maculo-papular
Dry skin
Alopecia
Vascular disorders
Hypertension
Investigations
Enzyme investigations
Blood alkaline

= =
[e<} PwOohHO

hosphatase increased 8

Gastr0|ntestinaFinvestlgatlons

Lipase increased
Amylase increased

Haematology investigations
White blood cell count decreased 4
Platelet count decreased 6
Neutrophil count decreased 4
Hepatobiliary investigations

AST increased
ALT increased
Bilirubin conjugated inc

Blood bilirubin increased

reased 3

Gamma-glutamyltransferase increased 7
Physical examination and organ system status topics

Weight decreased

Events/N

90/219
117/484
96/469
26/205
74/916

211/1,852
17/272
42/919

343/2,496
128/1,746
6/82
15/347
80/934
17/356
19/541

347/2,275
131/1,164
25/462
44/779
12/332

123/343
45/785

226/441
38/366

59/484
223/2,153
8/371

18/478
18/480

9/316
8/360

298/892
48/212

38/520
9/361
5/325

329/1,959
363/2,530
157/1,318
46/870
12/322
13/1,006

306/1,284

36/882

76/820
38/494

61/311
108/655
53/561

463/2,506
337/2,039
30/282
92/938
71/855

40/847

Incidence (95% Cl)

34.6 (17.1-57.5)
164 (1.4-72.5)
14.5 (0.5-85.4)

)
)

129 (7.3-21.8
8.3 (3.6-17.7

11.7 (8.7-15.6)
6.8 (3.5-12.7)
5.4 (3.8-7.7)

17.1 (3.0-58.1)
6.2 (2.8-12.9)

49.2 (26.3-72.3)
104 (7.7-14.0)

11.6 (5.4-23.0)
11.5 (7.7-16.7)
30(1.2-7.2)

5.3 (2.3-11.5)
4.7 (2.6-8.3)

6.2 (0.4-49.9)
3.6 (1.3-9.8)

32.8 (19.8-49.2)
23.2(17.9-29.4)

114 (1.5-51.4)
3.5(1.3-9.5)
1.8 (0.8-4.0)

ll‘i[ | ]{ IR {;{i; l[i‘[fl ' [l !

25.4 (8.4-55.6)

43 (2.7-7.0) —

10.8 (7.8-14.8)
8.0 (4.8-13.0)

H

24.5 (5.3-65.3)
22.2(9.5-43.9) -
11.1 (1.1-59.0)

19.1 (14.2-25.2) _—
15.8 (11.0-22.2) -
13.4 (7.0-24.1) —
9.5 (5.3-16.3) —
83 (3.5-18.3) —_—

5.7 (1.6-18.7)

T T T T T T 1
0 0.25 0.50 0.75 1.00

Incidence
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trAE SOC category No. of arms  Events/N
Blood and lymphatic system disorders
Neutropenia 3 22/219
Lymphopenia 3 8/205
Thrombocytopenia 4 19/484
Leukopenia 3 8/469
Anaemia 9 10/916
Endocrine disorders
Hypothyroidism 5 3/272
Adrenal insufficiency 10 1/919
Hyperthyroidism 19 2/1,852
Gastrointestinal disorders
Stomatitis 4 2/347
Vomiting 4 2/356
Diarrhoea 23 34/2,496
Abdominal distension 3 0/82
Abdominal pain 11 5/934
Nausea 16 3/1,746
Dry mouth 3 0/541
General disorders and administration site conditions
Fatigue 20 29/2,275
Malaise 6 1/462
Asthenia 11 6/1,164
Pyrexia 10 1/779
Oedema peripheral 3 0/332
Hepatobiliary disorders
Hyperbilirubinaemia 5 22/343
Hepatic function abnormal 6 25/785
Immune system disorders
RCEP 4 1/441
Injury, poisoning and procedural complications
Infusion related reaction 3 6/366
Metabolism and nutrition disorders
Decreased appetite 19 11/2,153
Hyponatraemia 4 1/371
Hypoalbuminaemia 5 1/484
Musculoskeletal and connective tissue disorders
Arthralgia 6 2/480
Myalgia 5 2/478
Nervous system disorders
Headache 4 1/360
Dysgeusia 3 0/316
Renal and urinary disorders
Proteinuria 7 32/892
Haematuria 3 1/212
Respiratory, thoracic and mediastinal disorders
Pneumonitis 3 2/325
Dysphonia 4 1/520
Cough 3 0/361
Skin and subcutaneous tissue disorders
PPES 7 24/1,218
Rash 24 15/2,530
Rash maculo-papular 10 4/870
Pruritus 19 7/1,959
Dry skin 3 0/322
Alopecia 4 0/1,006
Vascular disorders
Hypertension 9 139/1,284
Investigations
Enzyme investigations
Blood alp increased 8 8/882
Gastrointestinal investigations
Lipase increased 12 42/820
Amylase increased | 10 12/494
Haematology investigations
WBC count decreased 5 21/326
Neutrophil count decreased 4 29/561
Platelet count decreased 6 22/655
Hepatobiliary investigations
AST increased 24 170/2,506
ALT increased 22 70/2,039
GGT increased 7 33/855
Blood bilirubin increased 10 11/938
Bilirubin conjugated increased 3 4/282
Physical examination
Weight decreased 6 4/847
b

Incidence (95% Cl)

10.5 (7.0-15.4)
4.5 (1.6-11.5)
4.2 (0.9-18.2)
2.4 (0.5-10.5)

1.6 (0.8-3.0)

2

5.7 (2.3-13.8)
3.7 (1.4-9.3)

0.7 (0.2-2.4)
1.9 (0.9-4.0)
1.1(0.6-2.1)
0.9 EOA3—3,13
0.7 (0.2-2.1

11.1 (4.0-29.0)

1.7(0.9-3.2)

6.4 (4.5-9.1)
3.6 (2.0-6.4)

6.7 (1.7-23.0)
5.5 (0.6-35.5)
46 (1.7-114)

i [“ - ‘ T T,
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0.50 0.75 1.00

Incidence

T
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o

Fig. 4. Spectrum and incidence of all-grade and grade 3-5 treat-
ment-related AEs. a Spectrum and incidence of all-grade treat-
ment-related AEs. b Spectrum and incidence of grade 3-5 treat-
ment-related AEs. All extracted AEs were converted to MedDRA
Preferred Terms and ordered according to pooled incidence. Only
ten AEs with the highest incidence and reported by no less than

Adverse Events of Immune Checkpoint
Inhibitor-Based Therapy for HCC

10% of treatment groups were included. trAE, treatment-related
adverse event. SOC, System Organ Class; RCEP, reactive capillary
endothelial proliferation; PPES, palmar-plantar erythrodysesthe-
sia syndrome; AST, aspartate aminotransferase; ALT, alanine ami-
notransferase; ALP, alkaline phosphatase; WBC, white blood cell;
GGT, gamma-glutamyl transferase.
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targeted agents (OR = 17.07, 95% CI: 6.05-48.16, p <
0.001) and ICIs combined with intravenous targeted
agents (OR = 4.91, 95% CI: 1.80-13.42, p = 0.003) were
associated with significantly increased risks of all-grade
trAEs after adjusting for the line of systemic therapy and
type of ICIs. Treatment type was associated with the risk
of grade >3 trAEs. Compared with ICIs as monotherapy,
ICIs combined with oral targeted agents (OR = 9.35, 95%
CI: 4.53-19.29, p < 0.001) and ICIs combined with intra-
venous targeted agents (OR =4.21, 95% CI: 1.42-12.48, p
=0.012) were associated with significantly increased risks
of grade >3 trAEs after adjusting for the line of systemic
therapy and type of ICIs.

To compare the risks of all-grade and grade >3 trAEs
between ICIs combined with oral targeted agents and in-
travenous targeted agents, we performed post hoc multi-
variable regression analyses with the aforementioned

predictors and selected ICIs combined with intravenous
targeted agents as the referent of treatment type (online
supplementary Table 6). After adjusting for the line of
systemic therapy and type of ICIs, compared with ICIs
combined with intravenous targeted agents, ICIs com-
bined with oral targeted agents were associated with a
trend of increased risk of all-grade trAEs (OR = 3.48,95%
CI: 0.96-12.64, p = 0.058).

We also performed exploratory multivariable regres-
sion analyses to investigate the relationship between me-
dian OS, median PFS, and drug exposure and the inci-
dence of all-grade and grade >3 trAEs as prespecified in
the protocol. Among the 28 treatment groups included in
the multivariable regression analysis for the incidence of
all-grade trAEs, median PFS was extracted from 25 treat-
ment groups, median OS was reported in 28 treatment
groups and was reached in 22 treatment groups, and drug

All-grade trAEs No. of arms Events/N Incidence (95% Cl)
ICI monotherapy
Plateletcountdecreased 2 39/246 15.9 (11.8-21.0) —_—
Pruritus 10 187/1,260 153 (11.9-19.4) ——
Fatigue 10 216/1,479 14.7 (10.7-19.9) —
AST increased 11 190/1,477 13.1(944-18.0) —
Rash 10 171/1,479 13.0 (9.0-184) —_—
White blood cell countdecreased 2 30/246 12.2 (8.7-16.9) ——
Altincreased 10 134/1,110 11.1(6.9-17.4) —
Diarrhoea 10 145/1,479 10.9 (8.2-14.4) —
Blood bilirubin increased 5 70/695 8.8 (3.0-23.1) —_—
Hypothyroidism 7 62/850 7.6 (5.2-10.9) ——
ICI combined with target (oral)
Hyperbilirubinaemia 2 117/190 61.9 (53.1-70.0)
Thrombocytopenia 2 114/190 59.9 (52.8-66.7) —_—
Hypertension 5 194/343 53.0 (25.0-79.2)
Leukopenia 2 95/190 50.0 (42.9-57.1) —_—
ALT increased 3 1117221 49.6 (31.7-67.6) —_—
AST increased 4 152/321 46.1 (24.7-69.0)
Neutropenia 2 86/190 453 (38.3-524) —_—
Proteinuria 4 143/312 422 (21.5-66.1)
Ppes 5 145/343 36.7 (18.9-59.0)
Diarrhoea 5 106/343 31.8 (27.0-37.0) —_—
ICl combined with target (i.v.)*
Hypertension 2 97/357 23.1(12.1-39.7) —_—
Diarrhoea 2 44/357 17.3 (6.2-39.7) —_—
Fatigue 2 60/357 16.8 (13.3-21.1) —
AST increased 2 58/357 16.3 (12.8-20.5) ——
ALT increased 2 42/357 11.8 (8.9-15.6) —
Decreased appetite 2 40/357 11.3 (84-15.0) ———
Hypothyroidism 2 35/357 9.8 (7.1-13.4) ———
Rash 2 34/357 9.5 (6.9-13.1) —
Nausea 2 24/357 6.7 (4.5-9.8) —
dual ICI therapy
Pruritus 5 89/302 30.2 (21.5-40.7)
Rash 5 68/302 22.5(15.9-30.8) —
AST increased 5 50/302 16.8 (12.9-21.4) .
Diarrhoea 5 43/302 14.7 (10.3-20.6) —
ALT increased 5 38/302 129 (9.5-17.3) ——
Fatigue 5 36/302 12.2 (8.9-16.5) ———
Lipaseincreased 5 34/302 12.1 (8.8-16.5) ——
Amylase increased 2 17/156 10.9 (54-21.0)
Hypothyroidism 5 31/302 10.5 (6.8-16.1) ——
Decreased appetite 3 13/146 9.2 (54-152) ——
T T T T T T T 1
0 0.25 0.50 0.75 1.00
a Incidence
(Figure continued on next page.)
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exposure (median duration of ICIs treatment) was ex-
tracted from 20 treatment groups. Among the 25 treat-
ment groups included in the multivariable regression
analysis for the incidence of grade >3 trAEs, median PFS
was extracted from 22 treatment groups, median OS was
reported in 25 treatment groups and reached in 19 treat-
ment groups, and drug exposure was extracted from 19
treatment groups. The results from the exploratory multi-
variable regression analyses are summarized in Table 2.
After adjusting for the line of systemic treatment, treatment

type, and type of ICIs, median OS was positively associ-
ated with the incidence of all-grade trAEs (OR = 1.13,
95% CI: 1.03-1.23, p = 0.010).

Spectra of All-Grade and Grade >3 trAEs

Tabulated data of the spectrum of trAEs were extract-
ed from 26 treatment groups in 15 studies involving a
total of 2,579 participants in the safety analyses. We
identified 180 different preferred terms in MedDRA as
terminology of reported trAEs.

Grade 3-5 trAEs No. of arms Events/N Incidence (95% Cl)

ICI monotherapy

Hypertransaminasaemia 2 2/49 6.2 (1.8-19.2)

AST increased 11 85/1,477 6.1 (5.0-7.5) -
Lipase increased 6 17/484 45 (2.1-94) —_—

ALT increased 10 32/1,110 34 (24-4.7) s

Platelet count decreased 2 6/246 3.3(0.9-11.3) —
Amylase increased 5 5/267 3.0 (1.2-7.5) -—

WBC count decreased 2 7/246 2.9 (1.4-5.9) —
Hepatic function abnormal 3 7/266 2.8 (1.4-5.7) -—

Liver function test increased 2 0/49 2.0 (0.3-12.6) F—
Neutrophil countdecreased 2 10/496 2.0 (0.7-5.8) —

ICI combined with target (oral)

Hypertension 5 95/343 27.2 (14.8-44.6)

Neutropenia 2 21/190 11.1(7.3-16.4) ——
Hyperbilirubinaemia 2 20/190 10.9 (6.3-18.1) —
PPES 4 22/243 10.6 (6.0-18.0) ——
AST increased 4 31/321 10.4 (7.4-14.3) ——
Thromboocytopenia 2 19/190 10.0 (6.5-15.1) .
GGT increased 3 22/221 9.7 (3.5-23.9)

Hepatic function abnormal 2 17/190 9.0 (5.7-14.0) ——
ALT increased 3 14/221 7.0 (4.2-11.4) ——
Proteinuria 4 18/312 5.9(3.8-9.2) —.—

ICI combined with target (i.v.)*
Hypertension 2 42/357 11.8 (8.8-15.5) ——
AST increased 2 21/357 7.9 (2.8-20.2) e —
ALT increased 2 9/357 2.5(1.3-4.8) -—
Fatigue 2 6/357 1.8 (0.8-3.9) et
Decreased appetite 2 3/357 1.0 (0.4-2.8) b
Diarrhoea 2 3/357 1.0 (0.4-2.8) e
Hypothyroidism 2 1/357 0.9 (0-16.4) S
Rash 2 0/357 0.5 (0-5.3) —
Nausea 2 1/357 0.5 (0.1-2.7) —

dual ICI therapy

AST increased 5 30/302 10.6 (7.5-14.8) ——
lipase increased 5 22/302 7.6 (5.1-11.3) —_—
ALT increased 5 12/302 49 (2.8-8.3) ——
Amylase increased 2 6/156 3.6 (0.7-16.7) ———
Rash 5 6/302 2.9 (1.4-5.9) —
Blood alp increased 2 3/156 2.4 (0.4-11.9) —
Diarrhoea 5 6/302 2.2 (1.0-4.8) —
Rash maculo-papular 5 3/302 1.9 (0.7-4.7) -
Pruritus 5 2/302 1.7 (0.6-4.7) r—

Adrenal insufficiency 3 1/146 1.4 (0.4-5.6) b—

T T T T T T T 1
0 0.25 0.50 0.75 1.00

b Incidence

Fig. 5. Spectrum and incidence of all-grade and grade 3-5 treatment-
related AEs based on treatment type. a All-grade trAE spectrum and
incidence based on treatment type. b Grade 3-5 trAE spectrum and
incidence based on treatment type. Treatment type included im-
mune checkpoint inhibitor (ICI) monotherapy, ICI plus oral targeted
therapy, ICI plus intravenous targeted therapy, and dual ICI therapy.
Only ten AEs with the highest incidence and reported by at least two

Adverse Events of Immune Checkpoint
Inhibitor-Based Therapy for HCC

treatment groups were included. ICI plus chemotherapy and ICI plus
anti-CCR4 therapy subgroups were excluded due to an insufficient
number of treatment groups. *Less than ten AEs reported by at least
2 treatment groups. trAE, treatment-related adverse event; AST, as-
partate aminotransferase; ALT, alanine aminotransferase; PPES, pal-
mar-plantar erythrodysesthesia syndrome; WBC, white blood cell;
GGT, gamma-glutamyl transferase; ALP, alkaline phosphatase.
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trAE discontinuation No. of arms Events/N Incidence (95% Cl)
trAE fullset 21 143/1,906 8.0 (6.0-10.5) -
Treatment line
First-line 7 64/678 10.5 (6.5-16.5) —
Previously treated 14 79/1,228 7.0 (5.0-9.7) —
Treatment modality
ICl Monotherapy 11 72/1,249 6.0 (4.3-8.2) —
ICl + Target (oral) 4 45/321 14.3 (10.1-20) —
Dual ICI 5 26/302 8.9 (4.9-15.5) ——
ICl + Chemotherapy 1 0/34 0 (0-10.3)* —
ICl type
anti-PD-1 14 100/1,434 7.1(4.8-10.4) ——
anti-PD-L1 1 8/101 7.9 (3.5-15.0)* —
anti-CTLA-4 1 9/69 13.0 (6.1-23.3)* ——
Dual ICI 5 26/302 8.9 (4.9-15.5) —
T T T T T T T 1
0 0.25 0.5 0.75 1.0
Incidence

Fig. 6. Incidence of treatment-related AEs leading to treatment discontinuation based on treatment line, treatment
type, and ICI type. Random-effects model with restricted maximum likelihood estimation was applied unless
specified. *For subgroup analyses with one treatment group, Clopper-Pearson method was applied to calculate
95% confidence interval. trAE, treatment-related adverse event; ICI, immune checkpoint inhibitor.

The all-grade trAEs with the highest pooled incidenc-
es were reactive capillary endothelial proliferation (49.2%,
95% CI: 26.3-72.3), neutropenia (34.6%, 95% CI: 17.1-
57.5), and proteinuria (32.8%, 95% CI: 19.8-49.2)
(Fig. 4a). The grade >3 trAEs with the highest pooled in-
cidences were hypertension (11.1%, 95% CI: 4.0-29.0),
neutropenia (10.5%, 95% CI: 7.0-15.4), and increased
AST (7.7%, 95% CI: 6.3-9.4) (Fig. 4b).

For ICI monotherapies, the all-grade trAEs with the
highest pooled incidences were platelet count decrease
(15.9%, 95% CI: 11.8-21.0), pruritus (15.3%, 95% CI:
11.9-19.4), and fatigue (14.7%, 95% CI: 10.7-19.9). For
ICIs combined with intravenous targeted agents, the all-
grade trAEs with the highest pooled incidences were hy-
pertension (23.1%, 95% CI: 12.1-39.7), diarrhea (17.3%,
95% CI: 6.2-39.7), and fatigue (16.8%, 95% CI: 13.3-
21.1). For ICIs combined with oral targeted agents, the
all-grade trAEs with the highest pooled incidences were
hyperbilirubinaemia (61.9%, 95% CI:53.1-70.0), throm-
bocytopenia (59.9%, 95% CI: 52.8-66.7), and hyperten-
sion (53.0%, 95% CI: 25.0-79.2). For dual ICIs combina-
tions, the all-grade trAEs with the highest pooled inci-
dences were pruritus (30.2%, 95% CI: 21.5-40.7), rash
(22.5%, 95% CI: 15.9-30.8), and increased AST (16.8%,
95% CI: 12.9-21.4) (Fig. 5a). For ICIs monotherapies,
the grade >3 trAEs with the highest pooled incidences
were hypertransaminasaemia (6.2%, 95% CI: 1.8-19.2),
increased AST (6.1%, 95% CI: 5.0-7.5), and increased
lipase (4.5%, 95% CI: 2.1-9.4). For ICIs combined with

532 Liver Cancer 2023;12:521-538
DOI: 10.1159/000528698

intravenous targeted agents, the grade >3 trAEs with the
highest pooled incidences were hypertension (11.8%,
95% CI: 8.8-15.5), increased AST (7.9%, 95% CI: 2.8-
20.2), and increased alanine aminotransferase (2.5%,
95% CI: 1.3-4.8). For ICIs combined with oral targeted
agents, the grade >3 trAEs with the highest pooled inci-
dences were hypertension (27.2%, 95% CI: 14.8-44.6),
neutropenia (11.1%, 95% CI: 7.3-16.4), and hyperbiliru-
binaemia (10.9%, 95% CI: 6.3-18.1). For dual ICIs com-
binations, the grade >3 trAEs with the highest pooled
incidences were increased AST (10.6%, 95% CI: 7.5-
14.8), increased lipase (7.6%, 95% CI: 5.1-11.3), and in-
creased alanine aminotransferase (4.9%, 95% CI: 2.8—
8.3) (Fig. 5b).

Results from subgroup analyses of the spectra of all-
grade and grade >3 trAEs by line of systemic therapy
and type of ICIs are summarized in online supplemen-
tary Figures 1-4. To investigate the impact of different
types of treatment combinations on liver function, we
also compared the pooled incidence of 7 hepatobiliary
trAEs considered to be associated with liver function
across different types of treatment combinations by a
forest plot as a post hoc exploratory analysis (online
suppl. Fig. 5). We found that ICI plus oral target agents
possessed numerically higher incidence of the hepatobi-
liary trAEs. Tabulated data of the spectra of all-grade
and grade >3 irAEs were extracted from only 4 treat-
ment groups, and these analyses planned in the protocol
were not performed.
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TrAEs Leading to Treatment Discontinuation and

Treatment-Related Mortalities

A total of 21 treatment groups involving 1,906 partici-
pants reported the incidence of trAEs leading to treat-
ment discontinuation. The pooled incidence of trAEs
leading to treatment discontinuation was 8.0% (95% CI:
6.0-10.5, I* = 60%, test for heterogeneity p < 0.001, Fig. 6).

All 34 treatment groups including 4 treatment groups
with CTCAE version 5.0 and involving 3,308 participants
reported the frequency of treatment-related mortalities.
A total of 37 treatment-related mortalities were reported.
The overall incidence of treatment-related mortalities
was 1.1%. As the incidence of treatment-related mortali-
ties was calculated from a division method involving mul-
tiple study populations, 95% CI was not applicable. The
incidence of treatment-related mortalities was 0.7% for
ICI monotherapy, 1.7% for ICIs combined with intrave-
nous targeted agents, 1.5% for ICIs combined with oral
targeted agents, and 1.0% for dual ICI combinations. The
most common treatment-related mortalities were hepat-
ic failure (n = 6), hepatic function abnormal (n = 6), and
pneumonitis (n = 4) (online suppl. Table 7).

Publication Bias

We applied modified funnel plots of log odds against the
number of participants to assess potential publication bias.
Obvious asymmetry was not visually observed in the mod-
ified funnel plots for all-grade trAEs, grade >3 trAEs, grade
>3 irAEs, and trAEs leading to treatment discontinuation,
which was further confirmed by the modified Egger’s test
(online suppl. Fig. 6a, b, d, e) [18]. For all-grade irAEs, the
funnel plot was visually asymmetrical and compacted on
the right side. The modified Egger’s test also indicated po-
tential publication bias (p = 0.038) (online suppl. Fig. 6¢).

Discussion

This systematic review and meta-analysis provided a
comprehensive summary of the incidence and profile of
AEs in unresectable HCC patients treated with ICI-based
therapy. Here, we made four conclusions that may promote
the early identification and proper management of trAEs in
unresectable HCC patients undergoing ICI-based therapy
as follows: (1) the incidences of all-grade and grade >3
trAEs (all-grade: 80.1%, 95% CI: 73.8-85.2; grade =3:
35.4%, 95% CI: 27.2-44.6) were comparable to previously
published reports of other malignancies or pan-cancer
studies [13, 14, 42]; (2) reactive capillary endothelial prolif-
eration, neutropenia, and proteinuria had the highest
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pooled incidence among all-grade trAEs, and hyperten-
sion, neutropenia, and increased AST had the highest
pooled incidence among grade >3 trAEs; (3) 8.0% and 1.1%
of patients discontinued or died because of intolerable
trAEs, respectively, which is of high clinical concern; (4)
multivariable regression analysis revealed that oral targeted
agents are associated with a higher risk of developing all-
grade trAEs compared to intravenous targeted agents in
ICI-based combination therapy, and a correlation between
mOS and the trAE incidence was observed.

In this study, the incidences of all-grade and grade >3
trAEs were generally consistent with previous reports [13,
14], and the difference mainly stems from the dispropor-
tionality of treatment strategies. Similar results were ob-
served in subgroup analyses based on treatment line, type
of ICI used, or treatment modality [13, 42, 43]. As atezoli-
zumab plus bevacizumab has become the standard-of-care
first-line treatment for unresectable HCC, the systemic
treatment landscape will experience a prominent revolu-
tion. We found that the addition of intravenous targeted
agents to ICI treatment was associated with an increased
risk of developing trAEs compared to ICI monotherapy (all-
grade: OR =4.91, 95% CI: 1.80-13.42, p = 0.003; grade >3:
OR =4.21, 95% CI: 1.42-12.48, p = 0.012), which is similar
to previous studies [13, 14]. Although the combination of
oral tyrosine kinase inhibitors (TKIs) and ICIs has not been
approved as first-line treatment in unresectable HCC pa-
tients, several trials have demonstrated its safety and clini-
cal efficacy [9, 10, 35], and more promising trials are in
progress (NCT04052152, NCT03418922, NCT03841201,
NCT04042805, NCT04344158, NCT04542837, ChiC-
TR1900028295, and NCT03347292). Accordingly, our re-
sults also showed that patients taking oral targeted agents
with ICIs were at higher risk of developing trAEs than those
treated with ICI alone (all-grade: OR =17.07, 95% CI: 6.05-
48.16, p < 0.001; grade =3: OR = 9.35, 95% CI: 4.53-19.29,
P <0.001). Taken together, these findings suggest that clini-
cians should be aware of the trend of the trAE incidence
increasing along with the shift of the treatment paradigm.
It is becoming more important that clinicians timely iden-
tify patients with trAEs and initiate proper management to
achieve a better clinical outcome.

We extracted tabulated data on the trAE spectrum and
found that reactive capillary endothelial proliferation, neu-
tropenia, and proteinuria had the highest pooled incidenc-
es among all-grade trAEs, and hypertension, neutropenia,
and increased AST had the highest pooled incidences
among grade >3 trAEs. Although the pooled incidence of
reactive capillary endothelial proliferation was high, it was
exclusively reported in trials adopting camrelizumab-based
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regimens. As most included studies only reported AEs with
an incidence higher than a specific value, we consider that
this AE was highly heterogeneous across the treatment
groups included in the spectra analysis, and its pooled in-
cidence represents the risk of this AE among the treatment
groups that reported this AE (also the treatment groups
involving camrelizumab). The pooled incidence of AEs
only reported by a limited number of treatment groups
should be interpreted cautiously, as they may not represent
a common risk across all included studies. Results from the
subgroup analyses should also be considered, and whether
these treatment groups reporting the AEs share common
characteristics should be assessed. Similarly, neutropenia
had high incidence among grade >3 trAEs, but this result
was mostly due to the RESCUE trial, which adopted clus-
tered preferred terms for neutropenia (including neutro-
phil count decreased, neutrophil percentage decreased, and
granulocyte count decreased). Therefore, the incidence of
grade >3 neutropenia may be overestimated. Proteinuria
had the third highest incidence among all-grade trAEs, and
hypertension had the highest incidences among grade >3
trAEs. Both AEs are mainly reported for patients receiving
ICIs plus vascular endothelial growth factor (VEGF) path-
way inhibitors, and this is of clinical concern due to their
high incidence and clinical significance [44-47]. The addi-
tion of a targeted agent, which impedes the VEGF signaling
pathway in most cases, might lead to disrupted production
of vasodilators, inhibition of angiogenesis, and dysregula-
tion of the renin-angiotensin-aldosterone axis. These
changes directly increase blood pressure and further dam-
age the endothelial lining of the vessels, therefore leading to
clinical hypertension and proteinuria [46,47]. Patients with
unresectable HCC often have comorbidities, including cir-
rhosis and portal hypertension. To preserve patients’ renal
function and avoid fatal cardiovascular events, it is neces-
sary to evaluate whether patients would tolerate possible
trAEs before administering combination therapy. Addi-
tionally, routine urine tests and regular blood pressure
measurements are recommended for the early recognition
of trAEs and the initiation of symptomatic treatment, dose
modification, or discontinuation when necessary.

As patients with unresectable HCC are commonly pre-
sented with impaired baseline liver function, they may de-
velop hepatobiliary trAEs at a higher risk. Therefore, it is
crucial for clinicians to understand the AEs the patient
would endure after the administration of a specific type of
ICI-based therapy. In the post hoc exploratory analysis for
the impact of different types of treatment combinations on
liver function, we found that ICI plus oral target agents pos-
sessed numerically higher incidence of hepatobiliary trAEs.
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This result is consistent with our multivariable meta-re-
gression analysis for factors associated with the overall in-
cidence of trAEs and adds to the evidence that oral target
agents mightlead to an increased incidence of hepatobiliary
trAEs in ICI-based therapies for unresectable HCC pa-
tients. From a pharmacokinetic perspective, therapeutic
monoclonal antibodies (mAbs, including anti-PD-L1 and
anti-VEGF antibodies) undergo systemic degradation by
phagocytic cells, while current evidence supports a major
role of the liver in metabolizing oral target drugs (mainly by
CYP3A) [48-50]. Thus, liver function is more prone to
metabolic overload damage by oral target drugs. From a
pharmacodynamic perspective, ICIs would pause immune
tolerance and cause systemic AEs in both nonspecific (sys-
temic inflammatory response induced by boosted cyto-
kines) and antigen-specific manner (proliferation of cross-
reactive immune cells and, probably, production of cross-
reactive antibodies). Among all ICI-induced AEs, liver
impairment is not the most commonly observed, ranging
from 1.8% in nivolumab to 9% in atezolizumab [51]. For
targeted agents, a commonly targeted pathway is the VEGF
pathway. The main difference is that mAbs (ramucirumab,
bevacizumab, and IBI305) are anti-VEGF specific while
oral target agents are exclusively multi-TKIs (targeting
VEGEF, FGF, and PDGF pathways, etc.). As increased hepa-
totoxicity is observed in both oral target drug monotherapy
and combination settings, the broad downstream impact of
the targeted agents might partially explain the enhanced
liver injury. We then questioned whether drug-drug inter-
action contributes to the high incidence of hepatobiliary
trAEs in ICIs plus oral targeted agents. Theoretically, their
metabolic pathway lacks intersection and the crosstalk be-
tween the two types of drugs largely remains unknown.
Clinically, the addition of ICIs to targeted therapy did not
significantly increase hepatobiliary trAE incidence accord-
ing to previous studies [52], indicating a less important role
of synergistic effect. Collectively, these results might indi-
cate a severer hepatotoxicity in patients receiving ICIs plus
oral target agents compared to ICIs plus intravenous target
agents, dual ICIs therapy, or ICI monotherapy. The under-
lying mechanisms probably involve hepatic metabolic over-
load and unspecific downstream inhibition of the target
agents. Further research is warranted to explore whether
drug synergism contributes to hepatotoxicity development.

We further investigated whether the reverse of this
statement is also correct, that is, whether patients’ baseline
liver function (as measured by Child-Pugh score; or Albu-
min-Bilirubin [ALBI] grade) might also affect trAE inci-
dence under different combination regimens. This is of
great importance in clinical settings, as most systemic

Zhang/Wang/Chen/Deng/Chen/Dai/Luo/
Xu/Zhao/Cai



therapies are only indicated in patients with preserved liv-
er function (Child-Pugh A or B7 in some cases). If no sig-
nificant difference in safety is observed, more patients with
unresectable HCC might benefit from the treatment. How-
ever, as most trials included in our study did not provide
subgroup analyses based on baseline liver function, we
turned to published articles for relevant data. The indirect
comparison of safety data between CheckMate 040 cohort
5 (Child-Pugh B7/8 patients, except 1 Child-Pugh A6 pa-
tient in the sorafenib-naive arm; nivolumab monotherapy)
and CheckMate 040 cohorts 1 and 2 (98% Child-Pugh A)
did not show a significant difference in trAE incidence be-
tween Child-Pugh A or B patients (Child-Pugh B cohort
vs. Child-Pugh A cohort all-grade trAE incidence: 51 vs.
59%) [22]. Similar results were reported in a post hoc anal-
ysis for GO30140 and IMbrave150 trial (atezolizumab plus
bevacizumab), where the investigators found patients with
moderate hepatic impairment have similar trAE incidence
compared to overall population (moderate hepatic impair-
ment vs. overall population: 96.4 vs. 98.2%) [53]. There are
currently no published articles on the impact of baseline
liver function on trAE in patients under dual ICI therapy
or ICIs plus oral targeted agents, but analyses focusing on
oral targeted agent monotherapies indicate that impaired
liver function would raise important safety issues in this
subpopulation [54-56]. These results are highly consistent
with our finding and further supported that patients plan-
ning to receive ICIs plus oral targeted agents should care-
fully monitor trAE (both systemic and hepatobiliary) and
should evaluate pre-treatment liver function carefully.

Another issue of great clinical importance is the patients’
background liver disease (including alcoholic, viral, and
NAFLD), as etiology not only affect residual liver function
but also influence immune environment and reactivity and
tolerability to systemic therapy. However, as most clinical
trials included in our study do not provide individual patient
data, we could not perform detailed analysis on etiology.
Comprehensive search on published articles also returned
no relevant articles making direct comparison of trAE pro-
files among different etiologies. Shemesh et al. [53] found
that patients with different geographic regions receiving at-
ezolizumab plus bevacizumab have a similar safety profile.
Further evidence is required on the effect of background
liver disease on the trAE profile. As results from the HCV
and HBV cohorts for CheckMate 040 remain unpublished
(NCT01658878), we are also expecting more detailed results
from this promising trial and other relevant researches.

In addition, trAEsleading to treatment discontinuation
and treatment-related mortalities remain major challenges
for ICI-based therapies. We found that the incidences of
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trAEsleading to treatment discontinuation and treatment-
related mortalities were 8.0% and 1.1%, respectively, com-
parable to other malignancies [14, 42, 57]. Furthermore,
the majority of patients with a fatal outcome suffered from
deterioration of pulmonary and hepatic function. One re-
port of the CheckMate 040 study only included Child-
Pugh B (B7-B8) patients and reported no treatment-relat-
ed mortality [22]. Consequently, these findings suggest
that clinicians should closely monitor the dynamic chang-
es in patients’ lung and liver status to avoid acute exacerba-
tion of symptoms or even mortality.

We performed multivariable regression analysis to eval-
uate the association between prespecified predictors (line
of systemic treatment, types of combination, and type of
ICIs) and the incidence of trAEs. We found that ICIs com-
bined with targeted agents were significantly associated
with an increased risk of developing all-grade and grade
>3 trAEs. ICIs act on exhausted T cells to rejuvenate im-
munity against malignant cells, while targeted agents dis-
rupt overactive cell proliferation pathways to suppress vas-
cular and tumor growth [58, 59]. The complementarity in
the underlying mechanism of the two agents might explain
the additive toxicity as well [23, 31, 58]. In a post hoc anal-
ysis, we found that oral targeted agents (small molecule
TKIs) combined with ICIs increased the risk of toxic events
compared to intravenous targeted agents (anti-VEGF
mADbs), albeit statistical significance was not reached (oral
vs. intravenous, all-grade: OR = 3.48, 95% CI: 0.96-12.64,
p = 0.058; grade >3: OR = 2.22, 95% CI: 0.70-7.01, p =
0.162). The rationale behind this observation remains to
be elucidated but may be related to anti-drug antibodies
that decrease the bioavailability of the mAbs [60-62]. Fur-
thermore, a positive correlation between the occurrence of
all-grade trAEs and treatment line was observed. This re-
sult possibly reflects the increased tumor burden and
worsened performance status of the patient after first-line
failure and is supported by the head-to-head comparisons
of the included clinical trials (RESCUE, CheckMate 040
cohort 5, and KEYNOTE-224). Overall, these results still
require validation and warrant additional research to com-
pare the safety of the two targeted regimens.

The impact of irAEs on survival has been extensively re-
searched and is well characterized, but results are lacking for
trAEs [63, 64]. Therefore, we next focused on unraveling the
relationship between the incidence of trAEs and survival
(PES and mOS). A trend of a positive correlation was ob-
served for the trAE incidence and mOS (all-grade: OR =
1.13,95% CI: 1.03-1.23, p = 0.010; grade >3: OR = 1.05, 95%
CI: 0.995-1.11, p = 0.071). While a higher trAE incidence
might reflect an overactive immune system and contribute
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to increased OS, prolonged survival also increases the inci-
dence of trAEs due to an extended follow-up time. This bi-
directional correlation adds to the difficulty in elucidating
their relationship. In addition, recent research on melanoma
suggests that ICI-related toxicity can be decoupled from an-
titumor immunity [65], which indicates that AEs and anti-
tumor immunity might act through different downstream
pathways. This adds to the heterogeneity of the relationship
between AE development and clinical efficacy and empha-
sizes the importance of more basic oncology research to
gain a better understanding of the underlying mechanisms.
Interestingly, we also found that drug exposure was posi-
tively associated with trAE development, although statisti-
cal significance was not reached, which is discrepant with
previous studies [42] and requires further validation.

This study has several limitations. First, the spectra
analyses are limited by the heterogeneous criteria of report-
ing AEs applied by the included studies and the substantial
heterogeneity of some AEs. The pooled incidence could
underestimate the actual risks of AEs with a low incidence
that was not reported by some studies. The pooled inci-
dences of AEs that are only reported by a limited number
of treatment groups also require cautious interpretation
and results from the subgroup analyses should be consid-
ered as well to assess whether these treatment groups share
common characteristics. The risk of AEs reported as a rep-
resentative of a MedDRA Preferred Term cluster might be
overestimated as well. Second, the incidence and spectrum
of irAEs were listed in the study protocol as additional out-
comes. Due to the low proportion of included studies re-
porting tabulated data of irAEs and potential publication
bias, we judged that the pooled incidence of irAEs in this
study may not reliably reflect the actual risk of irAEs and
that spectrum analyses could not be performed. IrAEs are
characterized by their distinct spectrum and often involve
immune-modulating agents, which are also of clinical sig-
nificance. With more trials reporting the incidence and
spectrum of irAEs in the future, an updated review would
be able to summarize the irAE profiles more accurately.

Conclusion

This meta-analysis comprehensively summarized the in-
cidence and spectrum of AEs. We also summarized trAEs
leading to treatment discontinuation and treatment-related
mortalities in unresectable HCC patients with ICI-based
therapies. Through multivariable regression analysis, we
identified that ICIs combined with oral targeted agents were
associated with an increased risk of trAEs compared with ICI
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monotherapies or ICIs combined with intravenous targeted
agents, and OS was significantly associated with the risk of
developing all-grade trAEs. The results of this study may be-
come an important reference for clinical practice and guide
clinicians in timely identifying patients with trAEs and initi-
ating proper management for better clinical outcomes.
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