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Abstract

BackgroundTo investigate the incidence and spectrum of adverse eventsrigsectable

hepatocellular carcinoma (HCC) patients treated with immune checkpoint inhibitors (ICIs) or ICI

based combinations.

Summary The study protocol was prospectively registered on PROSPERO (CRD42022319255). We
searched PubMed, EMBASE, and®@lehrane Library for published clinical trials from database

inception to April 22, 2022. Studies that included at least one group of unresectable HCC patients

treated with ICls or I&lased combinations and reported the incidence or spectrum of treatment

related adverse events (trAEs) or immumsdated adverse events (irAEs) were eligible. The incidence

and spectraofa B N} RS FyR 3INIRS o (NI 9a 6SNB (GKS LINRA Y N
incidence of trAEs leading to treatment discontinuatiand treatmentrelated mortalities were

additional outcomes. We applied randeaffects models to pool the incidence and spectra of

adverse events. Subgroup analyses and nnetpession were performed.he literature search

identified 2464 records. Twentyslies (4146 participants with HCC) met the eligibility criteria. The

pooled incidencesof al NI RS (G NJ 94z -ANI RS MMl BANI 9IAFBOLBNI RS xKo0
(95% CI 73:85.2) 35.4% (95% CI 2742.6), 31.1% (95% CI 214B.5), and 6.6% (95% &£611.8)

respectively. ICIs plus oral targeted agentsgedde OR=107, 95% C| 65-48.16F n ®dnnmT 3IANI RS
OR9.35 95% CI £3-19.29 P<0.001) and IClIs plus intravenous targeted agentgj(atie OR4.91,

95% C1.80-1342, P=0.003 3 NJ R &210%% Ci #2f12.48 P=0.012) were associated with

increased trAEs compared with monotherape algrade trAEs with the highest pool@ttidences
werereactive capillary endothelial proliferatiqd9.2%, 95% CIl 2672.3), neutropenia (34.6%, 95%
ClI17.1-57.5), and proteinuria (32.8%, 95% Cl 40&®2)¢ KS 3INJI RS xo (NI 9a 6AGK K
incidences were hypertension (11.1%, 95% CP9.0), neutropenia (10.5%, 95% CI-754), and

aspartate aminotransferase increased (7.7%, 95% €.8)3Thepooled incidence of trAEs leading

to treatment discontinuation wa8.0% (95% CI 610.5) and the overall incidence of treatment

related mortalities was 1.1%.

Key MessagesThis study comprehensively summarized the incidence and spectrum ofitrAEs

unresectable HCC patients receiving ICls end€&d combinations in clinical trials. The results from

this study will provide a useful reference to guide clinical practice.



Introduction

Immune checkpoint blockade, which manipulates innate adaptive immunity to reactivate or
enhance the antitumor immune response, has broadened the choices of systemic therapies for
various malignancield.] Currently, clinical immune checkpoint blockade mainly targets tha/PD-

L1 axis and has yielded favohlaresponses in neamall cell lung cancgg, 3], melanomd4, 5],

and hepatocellular carcinoma (HGE)7]

Since 2017, immune checkpoint inhibitors (ICIs) antid€éd combinations have become the new
hope for improving the prognosis of unresectabléClpatients. Nivolumab and pembrolizumab
achieved objective response rates of 20% and 17%, respectively, prolonged the survival of HCC
patients after sorafenib failure or intolerable toxicity and were approved by the American Food &
Drug Administration asecondline systemic treatment of unresectable H[BC8] The clinical utility

of combinations of ICIs and targeted agents have also been explored for unresectable HCC patients.
The phase IIl IMbravel50 trial reported that unresectable HCC patients withexibus systemic
therapy receiving atezolizumab combined with bevacizumab had prolonged median progession
survival (6.9 months vs. 4.3 months) and an improved objective response rate (27.3% vs. 11.9%) over
sorafenib with acceptable and managealdeitity[7] Favourable outcomes of unresectable HCC
patients treated with a combination of ICIs and targeted agents were also reported by other clinical
trials[9, 10]Currently, ICI monotherapies and-l§2ised combinations are recommended for the
treatment of unresectable HCC by the NCCN and ESMO guiddlinek?]

There are concerns about the toxicities of ICls antdd€éd combinations. As adverse events
generally require more careful monitoring and higlade adverse events could lead to a worse
progrosis, it is very important to systematically investigate th@dance and spectrum of adverse
events of IGbased combinations. In a previous systematic review and +ae#dysis, the incidence

of alkgrade adverse events was 66.0%, and the incidenceadigr3 adverse events was 14.0% for

cancer patients treated with singiegent PBL or PBL1 inhibitorg[13] In another systematic review,
the overall incidence of afjrade treatmenirelated adverse events (trAEs) was 94.5%, and the

overall incidence of gde 3 trAEs was 47.3% for patients treated with-PDBr PBL1inhibitors

combined with targeted therapied.4] Previous systematic reviews and meaalyses summarized

the adverse event profiles of ICls or-b@sed combinations in pancancer settingsfevs 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 adverse event profiles specifically for HCC patients is needed
to provide an important reference for clirgtpractice.

The aim of this systematic review and metaalysis was to investigate the incidence and spectrum

of adverse events in unresectable HCC patients treated with ICIslmad€d combinations.

Materials and Methods

This study was performed accordance with the Preferred Reporting ltems for Systematic Reviews
and MetaAnalyses (PRISMA) statemé¢hb] The study protocol was registered prospectively on
PROSPERO (CRD42022319255). Two authors (Y. Z. and M. W.) independently performed the study
sekction and data extraction. 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 publishedI&nglisige clinical

trials of unresectable hepatocellular carcinoma treated with ICls dyd€#d combinations from

database inception to April 22, 2022. The key search items included "hepatocellular carcinoma”, "PD
1", "anti-PD1", "PDL1", "antiPDL1", "CTLA", "anti-CTA4", "immune checkpoint inhibitors",

"nivolumab”, "pembrolizumab”, "atezolizumab", "ipilimumab", "tremelimumab”, "sintilimab",
bLISY LJzZt AYIF b aR2aA0GFNIAYIFI0EX al @St dzYlFoéx |yR
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studies and relevant reviewsere manually screened to avoid omissions. The detailed search
strategies are presented fBupplementary Table 1.

We applied the following selection criteria: (1) published reports of prospective clinical trials; (2)
studies with at least one treatment gup (arm) of unresectable HCC treated with ICls as
monotherapy or concomitantly combined with other agents; (3) studies that reported the incidence
of trAEs or immuneelated adverse events (irAEs) or tabulated data of the spectrum of trAEs or
irAEs;(4) sudies evaluating adverse events according to the Common Terminology Criteria for
Adverse Events (CTCAd& )¢ 6) studies published in English. Studies that did not meet all of the
selection criteria were excluded. Other exclusion criteria were as follifwsetrospective studies;

(2) studies assessing ICls other than-8fil, antiPDL1, or aniCTLA4 agents; (3) studies reporting
ICls for HCC patients in neoadjuvant or adjuvant settings; (4) studies assessing ICIs combined with
locoregional therapiessequential therapies, or triplet combinations; (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 without published reports; (8)
commentaries, reviews, letters, and editorials; and (9) duplicate cohorts. Multiple publications
reporting different cohorts of the same study without overlapping study populations were all
included if eligible. If multiple reports of the same cohort werentified, only the most informative
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, first author), study methods (triagphas
randomization, blinding, treatment groups, line of systemic therapy, CTCAE version), participants
(number of participants enrolled, names of ICIs, types of ICIs, doses of ICIs, type of treatment
combination, name and dose of other drugs, number of partints included in the safety analyses),
exposure (type of adverse events, criteria for reporting adverse events), and outcomes (number of
participants with at least 1 CTCAE=RINI RS 2 NJ INJI RS xo (G NJ 9 &elaedlJ A NI 9 &>
mortalities, number of trAEs leading to treatment discontinuation, detailed types and frequencies of
eachald N} RS 2 NJ INJ RS xo -iglhtdd9nartal@iad)addNAES BadingddNBS I G YSy
treatment discontinuation). The data were extracted separately for eadhtrnent group. Adverse
events were coded according to the Preferred Terms in the Medical Dictionary for Regulatory
Activities (MedDRA). To explore the relationship between drug exposure, progrésesasurvival
(PFS), and overall survival (OS) and thidémce of adverse events, median exposure (duration of ICI
treatment), median followup, 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, tpemary outcomes of this study are the incidence
and spectrumofa NI RS FyR 3INIRS o0 (Nl 9ad ¢KS AyOARSYyOS
the number of participants with at least one adverse event divided by the number of participants
included inthe safety analysis. The spectrum of adverse events is defined as the incidence of each
type of adverse event. Additional outcomes included the incidence of trAEs leading to treatment
discontinuation and the incidence of treatmerglated mortalities. Théncidence and spectrum of
alaNI RS FyR 3INIRS o0 ANl 9a ¢SNBE tA&A0GSR Fa | RRAGAZ

Statistical analysis

All statistical analyses were performed based on treatment groups. The incidence of adverse
events was the effect measure of the primary outcomes. We applied rareftents models with
restricted maximurdikelihood estimation for the metanalysis of thericidence and spectrum of
adverse events. A continuity correction of 0.5 was applied to treatment groups with zero or all
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events, and the incidence was logit transformed before the reatalysis. Adverse events in
different treatment groups from one studyere pooled separatelyl o limit the number of adverse
events included in the primamgnalyss of the adverse event spectranly theadverse events that are
reported by at least 10% of the included treatment growse pooled, regardless of the reported
incidence For the subgroup analgsof the adverse event spee@that only include no more than 20
treatment groups, adverse events that are reported by at least 2 treatment groups were pooled.

The incidence of trAEs leading to treatment discontinuatiad the incidence of irAEs were
also pooled. The incidence of treatmemtiated mortalities was calculated from the total number of
treatment-related mortalities divided by the total number of participants included in the safety
analyses as we expecte@fuent zero cells.

Prespecified subgroup analyses were performed according to the line of systemic therapy,
type of treatment combination, and types of ICls. Forest plots of results from the main and subgroup
analyses, including the incidence and 95%0€ssibgroups with one single treatment group, were
plotted for demonstration. The 95% Cls for subgroups with only one treatment group were
calculated with the twesided CloppePearson method. We also performed multivariable meta
regression analysis to idéfy the factors associated with the incidence ofaINI RS | y R 3INJ} RS
trAEs and the sources of potential heterogeneity. Protguelkpecified predictors were line of
systemic therapy, type of treatment combination, and type of ICIs. As an explorataiyses, the
relationship between median OS, median PFS, and drug exposure and the incidence of adverse
events was also analysed by separate multivariable megaession analysis after adjusting for the
line of systemic therapy, type of treatment combiitat, and type of ICls. The metagression
models were also fitted with restricted maximum likelihood estimation and a continuity correction of
0.5 before logit transformation. Tests of individual coefficients in the rnetgiession models were
performed ly the Knapp and Hartung method to obtain conservative regli§Likelihood ratio
tests between the metaegression model with all predictors and a model with all predictors except
the one of interest were performed to give the overifalue of each prdictor. Both models for the
likelihood ratio test were fitted with the maximum likelihood estimator. We also performed post hoc
multivariable metaregression analyses, selecting ICls combined with intravenous targeted agents as
the referent of the type ofreatment combination to compare the incidence of adverse events
between ICIs combined with intravenous targeted agents and ICls combined with oral targeted
agents.

| SGSNR2IASYySAGE FONRaa (GKS AyOf dzRStestandNB | G Y Sy i
statistic. Publication bias was assessed with modified funnel plots of log odds against the number of
participants included in the safety analyses, as the conventionally constructed funnel plots were
inaccurate in the metanalyses of proportion studies wh the incidence was close to zero or

one[1719 33SNRNa& GSad 6AGK GKS ydzYoSNI 2F LI NLAOALI yia

was also performed to assess publication Ijis8].The risk of bias of the randomized controlled trials

was evaluatd with the RoB 2 tool from the Cochrane Collaborafi®].The risk of bias of

Y2YNI YR2YAT SR O2K2NI &aidzRRASE ¢ a[20]awn SuiharS(R.D.g A G K
and J.C.) independently performed the risk of bias assessment, and discrepanoéeresolved by
discussion with a third author (Q.C.) to reach a consensus. AitiealP value of <0.05 indicated

statistical significance. All statistical analyses were performed with R software (version 4.0.2) and
metafor packages (version 32)[21]

Results
Characteristics of included studies

A total of 2464 records were identified in the systemic search. We identified 37 potentially
eligible studies and performed fukxt screening. Fourteen records were excluded bytéxt
assessment for lacking data for HCC (n=6), duplicate cohort (aclkij)g required data of adverse
events (n=2), or not clinical trial (n=1). Twetttyee reports of 20 studies (including 3 reports from
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the CheckMate 040 studg, 22, 23Jand 2 reports from the KEYNOZE4 study[24, 25) involving a
total of 4146 partigpants in the safety analyses were includ&i(1).[6, 9, 10, 2241] Thirty-four
treatment groups from the 20 studies reported adverse events of unresectable HCC patients treated
with ICI monotherapy or I@lased combinations and were included in the qgtitative analyses. The
characteristics of included studies were showirsupplementary Table .2ZThe characteristics of
included treatment groups were shown Supplementary Table .Four treatment groups from 3
studies evaluated adverse events with CT@&Rion 5.0.37, 40, 41]The grading criteria of adverse
events related to liver function (e.g. Aspartate aminotransferase, Alkaline phosphatase increased,
and Alanine aminotransferase increased) were modified in CTCAE version 5.0 that patients with
elevaied 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 adverse events. We further
excluded the treatment groups with CTCAE version 5.0 from the analfydesincidence and
spectra of trAEs/irAEs and trAEs leading to treatment discontinuation. These treatment groups were
only included in the analysis of treatmerglated mortalities.The risk of bias assessment was
presented inSupplementary Table-5.

Among thel7included studiesvith CTCAE version ¥2 treatment groups involvind251
participants assessed ICI monotherapy ofbl@ded combinations as firihe systemic therapy for
HCC, whild8treatment groups involvind580participants enrolled gtients previously treated with
systemic therapies. For the types of treatment combinatibhtreatment groups involvind616
participants assessed ICls as monotherégyy, treatment groups involving21 participants assessed
ICIs combined with intravenous targeted agents, five treatment groups involving 343 participants
assessed ICls combined with oral targeted agents, five treatment groups involving 302 participants
assessed dual ICls combinations, ehaly assessed IClI combined with chemotherapy, and one study
assessed ICI combined with an a@bB€R4 agent. For the type of I@Btreatment groups involving
1728participants assessed afRiD1 agents (nivolumab, pembrolizumab, penpulimab,
camrelizumabjis monotherapy or combined with other nd@l agents, eight treatment groups
involving 732 participants assessed &L 1 agents (durvalumab, atezolizumab, and avelumab) as
monotherapy or combined with other nelC| agents, one treatment group assesaet-CTLA}
agents (tremelimumab) as monotherapy, and five treatment groups assessed dual ICls combinations
(nivolumab combined with ipilimumab, durvalumab combined with tremelimumab).

Theincidenceofa@ NI RS 'y R 3INFI RS xo (Nl 9a

Among the included stieswith CTCAE version 30 treatment groups involving831
participants reported the overall incidence of trAEs of ICls as monotherapy -trakeld
combinations were included in the analysis. The pooled incidence-grfeale trAEs wal0.1% (95%
Cl B.8-852, P=92%, test for heterogeneify<0.001). Among the included studi@g, treatment
groups in 18 studies involvikB68LIF NI A OA LI yia NBLIR2NILISR (KS AYyOARSyYy
AyOf dzZRSR Ay (GKS Iyl fearaod ¢KBELPRHCERULYOMRSY OS 2
test for heterogeneitpr n ®n Mo ® ¢KS AYOARSYOS 2F ANWMO A& | YR
treatment groupsnvolving 273 participantsThe pooled incidence of ajtade irAEsvas 311% (95%
Cl 2.0-43.5, P=66%, testfor heterogeneityP=0.0110 | YR (KS LJl22ft SR AYyOARSyOS
6.6% (95% 3.6-11.8 P=25%, test for heterogeneitiP=0323) (Fig 2).

In the treatment groups assessing ICls monotherapy drd€#d combinations as the first
line systemic therapy for unresectable HCC, the pooled incidencegrbdk trAEs was28/% (95%
Cl168.0915, P=9%6%, test for heterogeneiti<0.001) and the poolk A Y OA RSy OS 2F 3INI RS
39.6% (95% (A1.960.5 P=97%, test for heterogeneity<0.001). In the treatment grqas enrolled
patients previously treated with systemic therapies, the pooled incidence-gfadle trAEs was
785% (95% CI 72-83.5, P=82%, test for heterogeneit{?<0.001), and the pooled incidence of grade
%0 0 NI 2.5% (9%5% €12240.7, P=88%, test for heterogeneity<0.001).



In the treatment groups assessing ICls as monotherapy for unresectable HCC, the pooled
incidence of athrade trAEs was%7% (95% @@0.877.3 P=91%, test for heterogeneit{?<0.001),
FYR GKS LI222ft SR Ay OARSPQAB% E@I-2ANP-RR, tegtcfor 1 NI 94 & & H
heterogeneityP<0.001). In the treatment groups of ICls combined with intravenous targeted agents,
the pooled incidence of afjrade trAEs was28%% (95% CI371-89.6, P=76%, test for heterogeneity
P=0.006) and the pooled incidence oNg- RS %o 46.79d (3% 38.6-48.0, P=5%, test for
heterogeneityP=0465). In the treatment groups of ICls combined with oral targeted agents, the
pooled incidence of aljrade trAEs was 95.7% (95% CI ®B.D, ¥=24%, test for heterogeneity
P=Olyc0 FtYR (KS LR22ftSR AYOARSYyOS 82, DR, eSforko G NI 9
heterogeneityP<0.001). In the treatment groups assessing dual ICls combinations, the pooled
incidence of aljrade trAEs was 79.2% (95% CI-B&.1, ¥=63%, tesfor heterogeneityP=0.033) and
GKS L22ft SR AYOARSYOS 27 3Na4R 360 teslifothedetogedeitya o n & p:z
P=0.017).

In the treatment groups assessing aRD-1 agents as monotherapy or combined with other
non-ICI agents, the pooteincidence of algrade trAEs was 8B% (95% Cl1179-90.4, =95%, test for
heterogeneityr n ®nnm0 ' yR (KS L2t SR KB@PO@FBITPSH.52F INF RS
[>=96%, test for heterogeneity<0.001). In the treatment groups assessing-&MiL1 agents as
monotherapy or combined with other nelC| agents, the pooled incidence ofgiade trAEs was
76.7% (95% Cl 628B.5, ¥=90%, test for heterogeneitfy<0.001) and the pooled incidence of gead
0 (NI 9a gl & e56.8)B295%dabtdir heterbgenei<®.001). Results from the
subgroup analyses for the incidence of&INJ RS (Nl 9a | yR 3INJ RS Figwe (NI 94
3. Dueto the limited number of studies reporting the ideince of al NI RS ANJ 9& | yR 3INJI F
these prespeified subgroup analyses were not performed.

Factors associated with the incidence of-@INI RS | yR 3INJ}I RS xo (NI 9a

We further excluded ICI plus chemotherapy and ICI plusGBR4 agents from the
multivariable metaregression analysis as these two types of treatment combinationeadi
include a single study with limited number of participarithe results from the multivariable
regression analyses were summarized @ble 1 In the multivariablegegression analysis, the line of
systemic therapy and treatment type was associated with the risk-gfratle trAEs. Compared with
treatment groups in the firstine setting, treatment groups enrolled patients previously treated with
systemic therapies lthan increased incidence of-gilade trAEs (OR=3, 95% CI 18453,

P=0.017) after adjusting for treatment type and type of ICls. Compared with ICls as monotherapy, ICls
combined with oral targeted agents (OR=17.95% CIl 65-48.16, P<0.001)andIClscombined with

intravenous targeted agents (OR91, 95% C1.80-1342, P=0.003 were associated with significantly

increased risks of afjrade trAEsfter adjusting for the line of systemic therapy and type of IClIs.
CNBFGYSyid Gel)ls sra Faaz20AriSR gAGK GKS NRa] 2F 3
ICIs combined with oral targeted agents (ORS 95% CIl $3-19.29 P<0.001)andIClIs corhined

with intravenous targeted agents (O&R21, 95% CIl #2-12.48 P=0.012) were associated with
AAIAYATFAOLyGfe AYyONBIFIASR NRAlA&A 2F 3INIRS xo (UNI9a
of ICls.

To compare the risks of ajtade andgra8 o (NI 9&4 06SG6SSy L/ La O2Y
targeted agents and intravenous targeted agents, we performed post hoc multivariable regression
analyses with the aforementioned predictors and selected ICls combined with intravenous targeted
agents as the referd of treatment type Supplementary Table)6 After adjusting for the line of
systemic therapy and type of ICls, compared with ICIs combined with intravenous targeted agents,

ICIs combined with oral targeted agents were associated with a trend of increakext aligrade
trAEs (OR3:48 95% CIl 0812.64 P=0.0B).

We also performed exploratory multivariable regression analyses to investigate the
relationship between median OS, median PFS, and drug exposure and the incidengeaafeaind
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3 NJ R SAEskas préspétified in the protocol. Among 28dreatment groupsncluded in the
multivariable regressioanalysis fothe incidence of algrade trAEs, median PFS was extracted from
25treatment groups, median OS was reporte®Bitreatment groups andavas reached i22

treatment groups, and drug exposure (median duration of ICIs treatment) was extracte@from
treatment groups. Among th25 treatment groupsincluded in the multivariable regression analysis
fori KS AYOARSYOS 2F BNasRSracted froinkadmierk groisRiediafi 08 C
was reported ir25 treatment groups and was reachedif treatment groups, and drug exposure
was extracted froni9treatment groups. The results from the exploratory multivariable regression
analyses wex summarized ifTable 2 After adjusting for the line of systemic treatment, treatment
type, and type of ICIs, median OS was positively associated with the incidenegratialtrAEs
(OR=1.13, 95% CI 3-0.23,P=0.010).

SpectraofalA NI RS | yR 3ANI RS xo {G(GNJI 94a

Tabulated data of the spectrum of trAEs were extracted f&fitreatment groups in &
studies involving a total &#579participants in the safety analyses. We identifl2D different
Preferred Terms in MedDRA a&srhinology of reported trAEs.
The aligrade trAEs with the higist pooledincidences wereeactive capillary endothelial
proliferation (49.2%, 95% CIl Z&72.3),neutropenia(34.6%, 95% Cl7.1-57.5), andproteinuria
(32.8%, 95% CI918-492) Fig4ad ® ¢ KS 3INI RS xo0o GNI9a gAGK KAIKSaAD
hypertension(11.1%, 95% C1.0-29.0), neutropenia(10.3%, 95% (C1.0-15.4), and aspartate
aminotransferase increased %6, 95% 3.3-9.4) (Fig 4b).
For ICIs monotherapies, the-gilade trAEsvith highest pooled incidences were platelet count
decreased (15.9%, 95% Q1&21.0), pruritus (5.3%, 95% CI 19-194), and fatigue (14%, 95% ClI
10.7-199). For ICIs combined with intravenous targeted agents, thgratle trAEs with the highest
pooled incidences werbypertension(23.1%, 95% Cl2.1-39.7), diarrhoea(17.3%, 95% @.2-39.7),
andfatigue (16.8%, 95% Cl3.3-21.1). For ICIs combined with oral targeted agents, thg@tie
trAEs with the highest pooled incidersogere hyperbilirubinaaia (61.9%, 95% CI 8370.0),
thrombocytopenia $9.%%, 95% CI158-66.7), and hypertension (53.0%, 95% CI ZB®). For dual
ICIs combinations, the ajrade trAEs with the highest pooled incideseesre pruritus (30.2%, 95%
Cl 21.540.7), rash (22.5995% CI 15:80.8), and aspartate aminotransferase increased (16.8%, 95%
Cl12.®21.4)Figsah ® C2NJ L/ La Y2y20KSNILASAEE GKS 3ANFRS xo
were hypertransaminasaemi®&.2%, 95% CI| 119.2), aspartate aminotransferase increased (6.1%,
95% CI 547.5), and lipase increased (4.5%, 95% G921 For ICls combined with intravenous
GFrNBSGSR F3Syidasxs GKS 3ANIRS xo GNI9a&a g@iBW (GKS KAI
95% C8.8-15.5), aspartate aminotransferase increased (7.9%, 95% €®2 andalanine
aminotransferase increased (2.5%, 95% GH183 For ICls combined with oral targeted agents, the
ANI RS xo0 UGNl 9a&a 6A0GK (KS ypereBsios@72%,93% ¢l $486)A Y OA RSy OS
neutropenia (11.1%, 95% CI 18.4), and hyperbilirubinaemia (10.9%, 95% Gl18.3). For dual ICIs
O2YoAyldA2yas GKS 3INIFRS xo (NlI9a ¢gA0K GKS KAIKSaA
aminotransferase increased (1046 95% CI 7-54.8), lipase increased (7.6%, 95% Cl14.8), and
alanine aminotransferase increased (4.9%, 95% €8.3)8Fig 5b).
Results from subgroup analyses of the spectra ajraitle and grad&xo G NJ 9& o0& fAyS 27
therapy and type of IIS were summarized iBupplementary Figure-4. Toinvestigate the impact of
different types of treatment combinations on liver function, we also compared the pooled incidence
of 7 hepatobiliary trAEsonsidered to be associated with liver function acrdigerent types of
treatment combinations by forest plot as a post hoc exploratory analySsigp. Fig. p We found
that ICI plus oral target agents possessed numerically higher incidetioe ledpatobiliary trAEs.
Tabulated data of the spectra of glftade and gradxo A NI 9& $6SNB SEGNI OGSR T NI
groups and these analyses planned in the protocol were not performed.
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TrAEs leading to treatment discontinuation and treatmerglated mortalities

A total of21 treatment groups involving X participants reported the incidence of trAEs
leading to treatment discontinuation. The pooled incidence of trAEs leading to treatment
discontinuation wa$.0% (95% @.0-105, P=60%, test for heterogeneit{?<0.001 Fig 6).

All 34 treatment groupsncluding 4 treatment groups with CTCAE version 5.0iawalving
3308participantsreported the frequency of treatmentelated mortalities. A total of 37 treatment
related mortalities wereeported. The overall incidence of treatmenglated mortalities was 1%.

As the incidence of treatmesrelated mortalities was calculated from a division method involving
multiple study populations, 95% CI was not applicable. The incidence of treateiated

mortalities was 0.7% for ICls monotherapy, 1.7% for ICls cewhiiith intravenous targeted agents,
1.5% for ICIs combined with oral targeted agents, and 1.0% for dual ICIs combinations. The most
common treatmentrelated mortalities were hepatic failure (n=6), hepatic function abnormal (n=6),
and pneumonitis (n=4Spplementary Table Y.

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 modified funnel plots
forallgrade trAEE I NJ RS %o (GNJ 9aX 3INIRS xo ANI9aX FyR {NJ
GKAOK 63 TFTdzNIKSNI 02y T A NSUBpFig6adh, dj K[BB] FeraRrade A SR 9 33 &
irAEs, the funnel plot was visually asymmetrical and compacted at thiesiie. The modified
933SNNa GSad Ifaz AyRAPALOBSFupplEBGSY G A f Lidzof A OF (A 2

Discussion

This systematic review and megaalysis provided a comprehensive summary of the incidence and
profile of adverse events of unresectable HCC patients treated withakeld therapy. Here, we

made four conclusions that may promote the early identificatiod aroper management of trAEs in
unresectable HCC patients undergoingt@ed therapy: (1) the incidences ofaINJI RS | Yy R 3INJ RS
trAEs (aligrade:80.1%95% CI 73:85.2T 3 NJ 3B.&%, 9566 | 2742.6) were comparable to
previously published repts of other malignancies or pancancer studigs, 14, 42] (2) reactive

capillary endothelial proliferatiomeutropenia andoroteinuria had the highest pooled incidence

among aligrade trAEs, and hypertensioneutropeniaand increased AST had the heéghpooled
AYOARSYOS | Y2y 38.®MhdR.$% of patiettddisoatiuedoo died because of
intolerable trAEs, respectively, which is of high clinical concern; (4) multivariable regression analysis
revealed that oral targeted agents are assted with a higher risk of developing-gliade trAEs
compared to intravenous targeted agents inb@sed combination therapy, and a correlation

between mOS and the trAE incidence was observed.

In this study, the incidences of @INJ RS | Yy R 3wsde geBerally @onsisteht @ith previous
reports[13, 14] and the difference mainly stems from the disproportionality of treatment strategies.
Similar results were observed in subgroup analyses based on treatment line, type of ICI used or
treatment modalty.[13, 42, 43]As atezolizumab plus bevacizumab has become the starafardre
first-line treatment for unresectable HCC, the systemic treatment landscape will experience a
prominent revolution. We found that the addition of intravenous targeted ageot&Xt treatment

was associated with an increased risk of developing trAEs compared to IClI monothergmd@ll

OR .91, 95% CI 1.808.42,P=0.00F 3 NJ ORS4.2% 8586 Cl 1:42.48,P=0.019, which is

similar to previous studield.3, 14]Althoughthe combination of oral tyrosine kinase inhibitors (TKIS)
and ICls has not been approved as fiirs¢ treatment in unresectable HCC patients, several trials

have demonstrated its safety and clinical efficgy10, 35] and more promising trials are in

progress (NCT04052152, NCT03418922, NCT03841201, NCT04042805, NCT04344158, NCT04542837,
ChiCTR1900028295, NCT03347292). Accordingly, our results also showed that patients taking oral
targeted agents with ICIs were at higher risk of developing trAEs thae tieated with ICI alone
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(alkgrade:OR=17.07, 95% CI 6-88.16,P<0.00T 3 NJ ORRS9.3% 65%6 Cl 4:59.29,P<0.00).
Taken together, these findings suggest that clinicians should be aware of the trend of the trAE
incidence increasing along with tisaift of the treatment paradigm. It is becoming more important
that clinicians timely identify patients with trAEs and initiate proper management to achieve a better
clinical outcome.

We extracted tabulated data on the trAE spectrum and found that reactpillary
endothelial proliferationneutropenia,andproteinuria had the highest pooled incidences among all
grade trAEs, anllypertensionneutropenia, and increased AST had the highest pooled incidences
FY2y3 3INIRS xo (NI 9 a dncelofraadi dzpifary @rii@helialpdlifeation A y OA R S
was high, it was exclusively reported in trials adopting camrelizuipasled regimensAsmost
included studies only reported adverse events with an incidence higher than a specific value, we
consider thathis adverse event was highly heterogenous across the treatment groups included in
the spectra analysis and its pooled incidence represents the risk of this adverse events among
treatment groups that reported this adverse event (also the treatment gronpslving
camrelizumab)The pooled incidence of adverse events only reported by limited number of
treatment groups should be interpreted cautiously as they may not represent a common risk across
all included studies. Results from the subgroups analysegdlalso be considered and whether
these treatment groups reporting the adverse events share common characteristics should be
assessedSimilarly, neutropenia hakighincidence amonggradgo G NJ 94> odzi GKA& NXB
due to the RESCUE triahich adopted clustered preferred terms for neutropenia (including
neutrophil count decreased, neutrophil percentage decreased, and granulocyte count decreased).
¢tKSNBF2NBESX (GKS AYOARSYyOS 2F 3INI RSxo yh&tnd N2 LISY A |
highestincidence among atirade trAEsnd hypertension had the highest incidences amgragle
0 (NI 9ad .20K RASNES S@Syida IINB YIAyfe NBLRNIS
growth factor (VEGH)athway inhibitors and this is afinical concern due to their high incidence and
clinical significanc@l4-47] The addition of a targeted agent, which impedes the VEGF signalling
pathway in most cases, might lead to disrupted production of vasodilators, inhibition of angiogenesis
and dysegulation of the renirangiotensinaldosterone axis. These changes directly increase blood
pressure and further damage the endothelial lining of the vessels, therefore leading to clinical
hypertension and proteinurifd6, 47]Patients with unresectable K often have comorbidities,
AyOf dzZRAy3I OANNK2aAa YR LRNIIFIf KELISNISyairzyod ¢2
cardiovascular events, it is necessary to evaluate whether patients would tolerate possible trAEs
before administering combinatiotherapy. Additionally, 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 unresgable HCC are commonly presented with impaired baseline liver function,
they maydevelop hepatobiliary trAEs at a higher risk. Therefore, it is crucial for clinicians to
understand the adverse events the patient would endure after administration of spé&gie of IGI
based therapyln the posthocexploratoryanalyss for the impact of different types of treatment
combinations on liver functignve found that ICI plus oral target agents possessed numerically
higher incidence of hepatobiliary trAEs. Tiaisult is consistent with our multivariable meta
regression analysis for factors associated with the overall incidence of trAEs, and adds to the
evidence that oral target agents might lead to an increased incidence of hepatobiliary trAEs in ICI
based theraies for unresectable HCC patients. From a pharmacokinetic perspective, therapeutic
monoclonal antibodies (mAbs, including aRD(L)1 and antVEGF antibodies) undergo systemic
degradation by phagocytic cells, while current evidence supports a majoofriler in metabolizing
oral target drugs (mainly by CYP349-50] Thus, liver function is more prone to metabolic overload
damage by oral target drugsrom a pharmacodynamic perspective, ICls would pause immune
tolerance and cause systemic adverserggen both nonspecific (systemic inflammatory response
induced by boosted cytokines) and antiggpecific manner (proliferation of croseactive immune
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cells and probably production of creesactive antibodies). Among all {i@tluced adverse events,

liver impairment is not the most commonly observed, ranging from 1.8% in nivolumab to 9% in
atezolizumald51] For targeted agents, a commonly targeted pathway is the VEGF pathway. The main
difference is that mAbs (ramucirumab, bevacizumab, IBI305) are/&Btspecific while oral target
agents are exclusively mutirosine kinase inhibitors (mufiiKl, targeting VEGF, FGF and PDGF
pathways and etc.). As increased hepatotoxicity is observed in both oral target drug monotherapy
and combination settings, the bad downstream impact of the targeted agents might partially

explain the enhanced liver injury. We then questioned whether diugy interaction contributes to

the high incidence of hepatobiliary trAEs in ICIs plus oral targeted agents. Theoretically, thei
metabolic pathway lacks intersection and the crosstalk between the two types of drugs largely
remains unknown. Clinically, the addition of ICI to targeted therapy did not significantly increase
hepatobiliary trAE incidence according to previous sty8i2s indicating a less important role of
synergistic effectCollectively, these results might indicate a severer hepatotoxicity in patients
receiving ICIs plus oral target agents compared to ICIs plus intravenous target agents, dual ICls
therapy or ICI mnotherapy. The underlying mechanism probably involve hepatic metabolic overload
and unspecific downstream inhibition of the target agents. Further researches are warranted to
explore whether drug synergism contributes to hepatotoxicity development.

We further investigated whether the reverse of this statement is also correct, that is,
GKSGKSNI LI GASYyGaQ ol aSt Ay SPughSedteNdr Alay@itubire y o1 & Y S
grade, ALBI grade) might also affect trAE incidence under differertination regimens. This is of
great importance in clinical settings, as most systemic therapies are only indicated in patients with
preserved liver function (Chidugh A or B7 in some cases). If no significant difference in safety is
observed, more paties with unresectable HCC might benefit from the treatment. However, as most
trials included in our study do not provide subgroup analyses based on baseline liver function, we
turned to published articles for relevant data. The indirect comparison of sdéttybetween
CheckMate 040 cohort 5 (ChiRluigh B7/8 patients, except 1 Chirdigh A6 patient in sorafenimaive
arm; nivolumab monotherapy) and CheckMate 040 cohort 1 and 2 (98%RiigldA) did not show a
significant difference in trAE incidence betwe€hildPugh A or B patients (Chiligh B cohort v.s.
ChildPugh A cohort aljrade trAE incidence: 51% v.s. 5922).Similar results were reported in a
post-hoc analysis for GO30140 and IMbravel150 trial (Atezolizumab plus bevacizumab), where the
investgators found patients with moderate hepatic impairment have similar trAE incidence
compared to overall population (moderate hepatic impairment v.s. overall population: 96.4% v.s.
98.2%)53] There are currently no published articles on the impact of basdiver function on trAE
in patients under dual ICI therapy or ICls plus oral targeted agents, but analyses focusing on oral
targeted agents monotherapies indicate that impaired liver function would raise important safety
issues in this subpopulatigb4-56] These results are highly consistent with our finding and further
supported that patients planning to receive ICls plus oral targeted agents should carefully monitor
trAE (both systemic and hepatobiliary), and should evaluatene@ment liver function carefully.

l'Yy20KSN) AdadzS 2F INBILG Of AyAOFf AYLRNIFYyOS A
alcoholic, viral and NAFLD), as etiology not only affect residual liver function, but also influence
immune environment, and reactivity and toldnidity 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 profiles among different etiology. ShemesH%8]dbund that
patients with different geographic regions receiving atezolizumab plus bevacizumab have similar
safety profile. Further evidence is required on the effect ofkdgaound liver disease on trAE profile.

As results from the HCV and HBV cohort for CheckMate 040 remains unpublished (NCT01658878),
we are also expecting more detailed results from this promising trial and other relevant researches.
In addition, trAEs leadg to treatment discontinuation and treatmemelated mortalities remain

major challenges for Idlased therapies. We found that the incidences of trAEs leading to treatment

"NA\s
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discontinuation and treatmentelated mortalities were8.0% and 1.1%, respectivelgomparable to

other malignancie§l4, 42, 57Furthermore, the majority of patients with a fatal outcome suffered

from deterioration of pulmonary and hepatic function. One report of the CheckMate 040 study only
Ay Of dzZRSR / K-B) patientslaBdéported o traatmentrelated mortality[22]

Consequently, these findings suggest that clinicians should closely monitor the dynamic changes in
LI GASyGaQ fdzy3 yR fAGSNI &adliddza (G2 | @2AR | Odzi S S
We performed multivaieble regression analysis to evaluate the association between prespecified
predictors (line of systemic treatment, types of combination, type of ICIs) and the incidence of trAEs
We found that ICIs combined with targeted agents were significantly associated with an increased
risk of developinga®l N> RS | yR 3INI RS o0 GNI 9ad LYYdzyS OKSOT L
cells to rejuvenate immunity against malignant cells, wtatgeted agents disrupt overactive cell
proliferation pathways to suppress vascular and tumour grofg8).59]The complementarity in the
underlying mechanism of the two agents might explain the additive toxicity ag28el81, 58]n a

post hoc analysjsve found that oral targeted agents (small molecule TKIs) combined with ICls
increased the risk of toxic events compared to intravenous targeted agentsMB@F monoclonal
antibodies), albeit statistical significance was not reacloedl {/s.intravenots, allgrade: OR 3.48

95% Cl 0812.64 P=0.0BT 3 NJ R S2.28 65% Cb.70-7.0%, P=0.162). The rationale behind

this observation remains to be elucidated but may be related to-dntg antibodies that decrease

the bioavailability of the monochmal antibodied60-62] Furthermore, a positive correlation between

the occurrence of aljrade trAEs and treatment line was observed. This result possibly reflects the
increased tumour burden and worsened performance status of the patient afteflifiestailure and

is supported by the heatb-head comparisons of the included clinical trials (RESCUE, CheckMate 040
cohort 5, KEYNOTR4). Overall, these results still require validation and warrant additional research
to compare the safety of the two targederegimens.

The impact of irAEs on survival has been extensively researched and is well characterized, but results
are lacking for trAE§3, 64]Therefore, we next focused on unravelling the relationship between the
incidence of trAEs and survival (PFOShAtrend of a positive correlation was observed for the trAE
incidence and mOS (ajtade: OR = 1.13, 95% CI311023,P=0.010T 3INJ RS xHB%Ew I M dn
0.9951.11, P=0071). While a higher trAE incidence might reflect an overactive immune syatem
contribute to increased overall survival, prolonged survival also increases the incidence of trAEs due
to an extended followup time. This bidirectional correlation adds to the difficulty in elucidating their
relationship. In addition, recent researoh melanoma suggests that {@lated toxicity can be

decoupled from antitumor immunit}65], which indicates that adverse events and antitumor

immunity might act through different downstream pathways. This adds to the heterogeneity of the
relationship betveen adverse event development and clinical efficacy and emphasizes the

importance of more basic oncology research to gain a better understanding of the underlying
mechanisms. Interestingly, we also found that drug exposure was positively associatethith t
development, although statistical significance was not reached, which is discrepant with previous
studieg42] and requires further validation.

This study has several limitatior&rst the spectra analyses are limited by theterogeneous

criteria ofreportingadverse events applied by the included studies andsthtestantialheterogeneity

of some adverse event$he pooled incidence could underestimate the actual risks of adverse events
with a low incidence that were not reported by some studiBsepooled incidences of adverse

events that are only reported by limited number of treatment groups also require cautious
interpretation and results from the subgroups analyses should be considered as well to assess
whether these treatment groups share commolnaracteristicsThe risk of adverse events reported

as a representative 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 outcomes. Due to the
low proportion of included studies reporting 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
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irAEs and that spectrum analyses could not be perfatniAEs are characterized by their distinct
spectrum and often involve immuaAmodulating agents, which is also of clinical significance. With
more trials reporting the incidence and spectrum of irAEs in the future, an updated review would be
able to summaize the irAE profiles more accurately.

Conclusion

This metaanalysis comprehensively summarized the incidence and spectrum of adverse events. We
also summarized trAEs leading to treatment discontinuation and treatrredated mortalities in
unresectableHCC patients with I®Based therapies. Throughuttivariableregression analysis, we
identified that ICls combined with oral targeted agents were associated with an increased risk of
trAEs compared with ICI monotherapies or ICls combined with intraveaogstéd agents, and

overall survival was significantly associated with the risk of develophggaale trAEs. The results of

this study may become an important reference for clinical practice and guide clinicians in timely
identifying patients with trAEand initiating proper management for better clinical outcomes.
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Figure Legends

Fig. 1. Flow diagram of study selectionrCTCAE.ommon Terminology Criteria for Adverse Events.

Fig. 2. Faest plot showing @erall incidence of treatmentrelated adverse events aninmune-related adverse
events.Random-effeds modelwith restrictedmaximum-likelihoodestimation was appliedAE: adverse event. TrAE:
treatment-related adverse eventrAE: immuneelated adverse event.

Fig. 3. Incidence of aligrade and grade 5 treatment-related adverse eventbased on the line of systemic
treatment, treatment type, and ICI typelCl: immune checkpoint inhibitoRandom-effeds modelwith restricted
maximum-likelihoodestimation was applied unless specifi¢dror subgroups with ongeatment group, Clopper
Pearsormethod was applied to calculate 95% confidence intefUeAE: treatmentelated adverse event.

Fig. 4. Sped¢rum and incidence o#ll-grade and grade -5 treatment-related adverse eventga) Spectrum and
incidence of albrade treatmenirelated adverse evest (b) Spectrum and incidence of gradé &eatmentrelated
adverse everd All extracted adverse events were converted to MedDRA preferred terms and ordered according to
pooled incidence. Only ten adverse events wita highest incidence and reported by less than 10% of treatment
groups were includedlTAE: treatmentelated adverse evenSOC: System Organ Cld&&SEPreactive capillary
endothelial proliferation. PPES: palr@antar erythrodysesthesia syndrom&STaspartate aminotransferaséALT:
alanine aminotransferase.L® alkaline phosphatase. WBC: white blood ¢&(&T: gammglutamyl transferase.

Fig. 5. Sped¢rum and incidence otll-grade and grade 5 treatment-related adverse events based on treatmen
type. (a) Altgrade trAE spectrum and incidence based on treatment type. (b) GradeAEspectrum and incidence
based on treatment type. Treatment type included immune checkpoint inhibitor (ICI) monotherapy, ICI plus oral
targeted therapy, ICI plus intravenous targeted therapy, and dual ICI therapy. Only ten adverse events with the
highest irtidence and reported bat least twotreatment groups were included. ICI plus chemotherapy and ICI plus
anti-CCR4 therapy subgroups were excluded due to insufficient number of treatment gtbaps.than ten adverse
events reported by at least 2 treatmegtoups.TrAE: treatmentelated adverse event. AST: aspartate
aminotransferase. ALT: alanine aminotransferase. PPES: palaméar erythrodysesthesia syndrom@&/BC: white
blood cell. GGT: gamnglutamyl transferaseALP alkaline phosphatase.

Fig. 6. Incidence of treatment-related adverse events leading to treatment discontinuatidrased on treatment

line, treatment type and ICI typelCl: immune checkpoint inhibitoRandom-effeds modelwith restrictedmaximum-
likelihoodestimation was applied unless sgified *For subgroup analyses with one treatment group, Clopper
Pearsormethod was applied to calculate 95% confidence intefUeAE: treatmentelated adverse event.
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2464 records identified through database search
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1 not clinical trial
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CTCAE version

of treatment-related adverse
events
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events

18 reports of 15 studies for spectrum
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AEs category
trAE any grade
trAE grade 3-5
irAE any grade

irAE grade 3-5

No. of arms

30

27

Events/N

2201/2831

894/2668

771273

16/273

Incidence (95%Cl)
80.1(73.8-85.2)
35.4 (27.2-44.6)
31.1 (21.0-43.5)

6.6 (3.6-11.8)

T
0.5
Incidence

0.75
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trAE subset

trAE Fullset

Treatment Line
First-line
Previously treated

Treatment Modality
ICI Monotherapy
ICl+Target (oral)
ICI+Target (i.v.)
DualICI
ICl+anti-CCR4
ICl+Chemotherapy

ICI Type
anti-PD-1
anti-PD-L1
anti-CTLA-4
DualICI

trAE grade 3-5
trAE grade 3-5 Fullset
Treatment Line
First-line
Previously treated
Treatment Modality
ICI Monotherapy
ICl+Target (oral)
ICI+Target (i.v.)
DualICl
ICl+anti-CCR4
IC1+Chemotherapy
ICI Type
anti-PD-1
anti-PD-L1
anti-CTLA-4
DualICI

No. of arms
30

12

S I RS

- = owa N

Events/N

2201/2831

983/1251
1218/1580

11411616
333/343
440/521
238/302

15115
34/34

1336/1728
569/732
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894/2668

4411147
453/1521
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236/343
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103/302
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29/34

538/1699
223/598
30/69
103/302

Incidence (95%Cl)
80.1(73.8-85.2)

82.7 (68.0-91.5)
78.5 (72.5-83.5)

69.7 (60.8-77.3)
95.7 (91.1-98.0)
82.9 (73.1-89.6)
79.2 (70.1-86.1)
100.0 (78.2-100.0)*
100.0 (89.7-100.0)*

83.1(71.9-90.4)
76.7 (62.9-86.5)
84.1(73.3-91.8)"
79.2 (70.1-86.1)

35.4 (27.2-44.6)

39.6 (21.9-60.5)
325 (25.2-40.7)

223 (18.1-27.1)
64.2 (41.3-82.1)
43.7 (38.6-49.0)
34.5 (25.6-44.7)

333 (11.8-61.6)"

85.3 (68.9-95.0)"

35.9 (23.5-50.5)
33.6 (16.3-56.8)
435 (31.6-56.0)"
34.5 (25.6-44.7)
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