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Summary

Background The role of transarterial chemoembolization (TACE) in the treatment of advanced hepatocellular carci-
noma (HCC) is unconfirmed. This study aimed to assess the efficacy and safety of immune checkpoint inhibitors
(ICIs) plus anti-vascular endothelial growth factor (anti-VEGF) antibody/tyrosine kinase inhibitors (TKIs) with or
without TACE as first-line treatment for advanced HCC.

Methods This nationwide, multicenter, retrospective cohort study included advanced HCC patients receiving either
TACE with ICIs plus anti-VEGF antibody/TKIs (TACE-ICI-VEGF) or only ICIs plus anti-VEGF antibody/TKIs (ICI-
VEGF) from January 2018 to December 2022. The study design followed the target trial emulation framework with
stabilized inverse probability of treatment weighting (sSIPTW) to minimize biases. The primary outcome was overall
survival (OS). Secondary outcomes included progression-free survival (PFS), objective response rate (ORR), and
safety. The study is registered with ClinicalTrials.gov, NCT05332821.

Findings Among 1244 patients included in the analysis, 802 (64.5%) patients received TACE-ICI-VEGF treatment, and
442 (35.5%) patients received ICI-VEGF treatment. The median follow-up time was 21.1 months and 20.6 months,
respectively. Post-application of SIPTW, baseline characteristics were well-balanced between the two groups. TACE-
ICI-VEGF group exhibited a significantly improved median OS (22.6 months [95% CI: 21.2-23.9] vs 15.9 months
[14.9-17.8]; P < 0.0001; adjusted hazard ratio [aHR] 0.63 [95% CI: 0.53-0.75]). Median PFS was also longer in
TACE-ICI-VEGF group (9.9 months [9.1-10.6] vs 7.4 months [6.7-8.5]; P < 0.0001; aHR 0.74 [0.65-0.85]) per
Response Evaluation Criteria in Solid Tumours (RECIST) version 1.1. A higher ORR was observed in TACE-ICI-
VEGF group, by either RECIST v1.1 or modified RECIST (41.2% vs 22.9%, P < 0.0001; 47.3% vs 29.7%,
P < 0.0001). Grade >3 adverse events occurred in 178 patients (22.2%) in TACE-ICI-VEGF group and 80 patients
(18.1%) in ICI-VEGF group.

Interpretation This multicenter study supports the use of TACE combined with ICIs and anti-VEGF antibody/TKIs as
first-line treatment for advanced HCC, demonstrating an acceptable safety profile.
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Research in context

Evidence before this study

Systemic therapy with immune checkpoint inhibitors (ICls) in
combination with anti-vascular endothelial growth factor
(anti-VEGF) antibody/tyrosine kinase inhibitors (TKIs) or dual
ICls has been recommended as first-line treatments for
advanced-stage hepatocellular carcinoma (HCC). We searched
PubMed from database inception to November 20, 2023, for
relevant articles using the following search terms:
"hepatocellular carcinoma” AND “transarterial
chemoembolization” AND “immune checkpoint inhibitor”
AND (“tyrosine kinase inhibitor” OR “anti-VEGF"), without
language restrictions. There were no randomized controlled
trials or large-sample multicenter studies comparing the
outcomes of TACE combined with ICls and anti-VEGF
antibody/TKIs against those of ICls and anti-VEGF antibody/
TKIs alone.

Added value of this study

To our knowledge, this is the largest, multicenter cohort
study to date, comparing ICls plus anti-VEGF antibody/TKIs
with or without TACE as first-line treatment for advanced

Introduction

Hepatocellular carcinoma (HCC) is the sixth most
common cancer and the third leading cause of cancer-
related mortality worldwide.! Despite continued efforts
to reduce HCC incidence, forecasts indicate a further
escalation in these numbers over the ensuing two de-
cades.” Over 50% of HCC patients are diagnosed at an
advanced stage (Barcelona Clinic Liver Cancer [BCLC]
stage C), making them ineligible for curative treat-
ments.** These patients with advanced stage, as well as
those with BCLC stage B HCC who are unsuitable for
locoregional treatment, are candidates for systemic
therapy.’

Systemic treatments with molecular and immune
therapies have dramatically changed the management of
advanced HCC.’ The success of the IMbravel50 trial
using a combo of atezolizumab plus bevacizumab
confirmed the efficacy of immune checkpoint inhibitors
(ICIs) plus anti-vascular endothelial growth factor (anti-
VEGF) antibody for HCC.® Subsequent trials have
further demonstrated the superiority of treatments
combining anti-programmed death-(ligand)1 antibody
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HCC. The results of this target trial emulation study
demonstrated that those who received the TACE combination
therapy experienced significantly longer overall survival,
progression free survival and achieved a higher objective
response rate than those who received ICls and anti-VEGF
antibody/TKIs alone. More AEs were observed for TACE plus
ICls and anti-VEGF antibody/TKIs therapy but well tolerated.
The credibility of our findings was substantiated by the use of
the target trial emulation framework that mimics prospective
RCT and minimizes bias.

Implications of all the available evidence

Treatment with TACE plus ICls and anti-VEGF antibody/TKls
therapy was associated with significantly better outcomes
than with ICls plus anti-VEGF antibody/TKIs alone in advanced
HCC patients who had not received prior systemic therapy.
This study supports the synergistic efficacy of combining
TACE with ICls plus anti-VEGF antibody/TKIs as first-line
treatment for advanced HCC. Furthermore, these findings
may offer research directions for future prospective studies in
this area.

with anti-VEGF antibody/tyrosine kinase inhibitors
(TKIs) or cytotoxic T lymphocyte-associated antigen 4
inhibitors.”"" Based on the strong evidence above, sys-
temic therapy with ICIs plus anti-VEGF antibody/TKIs
or dual ICIs has been recommended as first-line treat-
ment for advanced HCC.*"

Transarterial chemoembolization (TACE) is the pri-
mary treatment option for intermediate HCC.*" It is
also widely used in advanced HCC in real-world prac-
tice, particularly in Asian countries, as recommended in
several guidelines.”'>'* Previous studies have explored
the potential survival benefits of adding TACE to TKIs in
advanced HCC."'* TACE plus lenvatinib as the first-line
treatment for advanced HCC showed promising results,
with significantly longer overall survival (OS, 17.8 vs
11.5 months) and progression-free survival (PFS, 10.6 vs
6.4 months) compared to lenvatinib alone.” The ratio-
nale for combining TACE with ICIs plus anti-VEGF
antibody/TKIs in the treatment of HCC is predicated
on the potential for a synergistic anti-tumor effect
through reprogramming tumor immune microenvi-
ronment by TACE as well as prohibiting tumor
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angiogenesis by anti-VEGF antibody/TKIs.*” However,
several randomized controlled trials (RCTs) specifically
investigating this combination in intermediate-stage
HCC are in progress." Recently, the EMERALD-1
trial (durvalumab plus bevacizumab with TACE) was
reported to meet its primary endpoint in patients with
HCC who are eligible for TACE.” A nationwide,
multicenter, retrospective cohort study in China
demonstrated that TACE combined with ICIs plus anti-
VEGF antibody/TKIs significantly improved prognosis
compared to TACE monotherapy for predominantly
advanced HCC.>"*

Target trial emulation, a well-established statistical
approach, is proposed to estimate treatment effective-
ness across populations in an uncontrolled setting from
a large observational dataset.”** This analysis frame-
work applies the RCT’s methodological and design
principles to observational data.”>** Thus, the emulation
of a target trial can help avoid common methodologic
pitfalls, such as selection bias due to imbalanced patient
characteristics or immortal time bias. A directed acyclic
graph (DAG) can be used to select covariates required to
adjust for confounding factors. These approaches could
offer generalizable information to clinical practice.

Herein, under the target trial emulation framework,
we conducted this nationwide, multicenter, retrospec-
tive cohort study (CHANCE2201) to assess the efficacy
and safety of ICIs plus anti-VEGF antibody/TKIs with or
without TACE as first-line treatment for advanced HCC.

Methods

We emulated a hypothetical target trial in which patients
with advanced HCC were treated with first-line ICIs plus
anti-VEGF antibody/TKIs with or without TACE. The
study used data from the nationwide, multicenter
CHANCE registers in China, as detailed in prior publica-
tions.”"” Only deidentified data were recorded in a central
repository. The study followed the Declaration of Helsinki
guidelines (ClinicalTrials.gov identifier: NCT05332821)
and the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) reporting guideline.

Ethics statement

Our study was approved by the ethics committee of
Zhongda Hospital, Southeast University (2022
ZDSYLL068-P01), and study protocol was approved by the
institutional review boards of participating centers. The
need for informed consent was waived by the institutional
review board due to the retrospective nature of this study.

Patients

This study included advanced HCC patients treated at
63 participating centers in China from January 2018 to
December 2022. Patients received either TACE com-
bined with ICIs plus anti-VEGF antibody/TKIs (TACE-
ICI-VEGF) or ICIs plus anti-VEGF antibody/TKIs

(ICI-VEGF) as first-line therapy. The inclusion criteria
were as follows: (1) age >18 years old; (2) diagnosis of
HCC confirmed by histologic or cytologic analysis or
clinical feature according to the American Association
for the Study of Liver Diseases (AASLD) guideline”; (3)
with at least one measurable intrahepatic lesion as per
the Response  Evaluation Criteria in  Solid
Tumors (RECIST) version 1.1; (4) presence of vascular
invasion or extrahepatic spread; (5) Eastern Cooperative
Oncology Group (ECOG) performance status <2; (6)
have received a first-line ICI-VEGF combination or
TACE-ICI-VEGF combination within three months.
More specifically, the administration of anti-VEGF
antibody/TKIs was concomitant with ICIs, and TACE
was performed either concurrently with, or up to three
months before or after ICI-VEGF combination therapy
(Figure S1& Table S1). Patients in TACE-ICI-VEGF
group underwent at least one cycle of ICI-VEGF com-
bination after the initial TACE session. The exclusion
criteria included: (1) have received previous systemic
treatment with ICIs or anti-VEGF antibody/TKIs for
HCC; (2) Child-Pugh grade C liver function, uncon-
trollable ascites, or overt hepatic encephalopathy; (3)
incomplete outcome data or missing key baseline
adjustment factors for primary analysis. The baseline
adjustment factors were defined as follows: sex, age,
ECOG performance status, hepatitis B virus (HBV)
infection, cirrhosis, Child-Pugh grade, tumor burden (up-
to-seven criteria), macrovascular invasion, extrahepatic
spread, and previous HCC-related treatment history.
Individual treatment choices regarding TACE-ICI-
VEGF combination or ICI-VEGF alone were based on
a multidisciplinary expert-led clinical decision-making
process, involving a comprehensive consideration of
the patient’s profile, financial burden, and patient
choice. Physicians would inform patients and their
families about the potential benefits, complications, and
costs of each treatment option before decision-making.

IClIs plus anti-VEGF antibody/TKIs administration

All patients received the first-line ICI-VEGF combina-
tions. All agents were administrated in accordance with
the prescription dose and frequency (detailed in
Tables S2 and S3). Adverse events (AEs)-related dose
reduction was allowed for TKIs, while it was not allowed
for ICIs and bevacizumab or its biosimilar. AEs-related
dose interruption was allowed for both ICIs and anti-
VEGF antibody/TKIs. Systemic treatment continued
until disease progression or unacceptable toxic effects.

TACE procedure

Either conventional TACE (cTACE) or drug-eluting
beads TACE (DEB-TACE) was standardly performed in
“on demand” mode in this study.”® All TACE procedures
were performed with super-selective catheterization and
embolization, prioritizing maximal liver function pres-
ervation. The choice and dosage of chemotherapeutic
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agents and embolic agents applied in the TACE session
were based on the guidelines and their availability.*
Repeat TACE was considered in cases of vital viable
tumors or intra-hepatic recurrence, as observed in the
follow-up radiological examinations, in line with the
guideline.”® Detailed TACE protocol is described in
Supplement pp2 and 3.

Follow-up and assessments

Regular follow-up assessments included monitoring
vital signs, clinical symptoms, treatment-related AEs
(TRAES), laboratory testing, and radiological examina-
tions by contrast-enhanced computed tomography or
magnetic resonance imaging. The follow-up interval was
6-9 weeks. The date of the last follow-up was July 30,
2023. Treatment response was then assessed by two
independent radiologists with at least 10 years of expe-
rience at every participating center. Following a diag-
nosis of disease progression, subsequent anti-cancer
treatments were determined by the local physician.

Outcomes

The primary outcome of this study was OS, defined as
the interval from time zero (T0) to death from any cause,
censoring, or the end of follow-up (July 30, 2023). TO
was the point when the eligibility criteria were met and
the initial combination treatment commenced.

The secondary outcomes included PFS, objective
response rate (ORR), and safety. PFS was defined as the
period from TO to first tumor progression as per
RECIST v1.1 or modified RECIST (mRECIST), death
from any cause, censoring, or the end of follow-up. ORR
was defined as the proportion of patients exhibiting a
confirmed complete or partial response as per RECIST
vl.1 or mRECIST. Safety was monitored from TO
throughout the follow-up period. The severity of TRAEs
was assessed by using the National Cancer Institute
Common Terminology Criteria for Adverse Events
version 5.0 (NCI-CTCAE v 5.0).

Emulation of a target trial

For the primary analysis, stabilized inverse probability
of treatment weighting (sIPTW) was used to adjust for
observed confounding factors. The DAG was created to
identify these confounders. The selection and classifi-
cation of the confounders were informed by literature
review and based on the availability of sufficient-quality
data (Figure S2). A logistic regression model was then
developed, with treatment receipt as the outcome and
adjusting for the following covariates: sex, age, ECOG
performance status, HBV infection, cirrhosis, Child-
Pugh grade, tumor burden (up-to-seven criteria), mac-
rovascular invasion, extrahepatic spread, and previous
HCC-related treatment history. The sIPTW analyses,
derived from the predictive probabilities of this model,
were then applied to individual contributions in the
survival curves and the Cox proportional hazards model.
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The appropriate statistical methods were also used to
compare the treatment strategies of interest. Firstly, clone
and inverse probability of censoring weight (IPCW)
methods were employed to eliminate the potential risk of
immortal time bias, following a three-step analytical
procedure accounting for cloning, censoring, and
weighting (detailed in Supplement pp6). Secondly, the
conditional landmark analysis with the landmark time set
at three months after TO was performed. Thirdly, an
alternative time when eligible patients were diagnosed
with advanced-stage HCC (Td) was also documented to
recalculate OS. This is a sensitivity analysis for T0O which
was defined in the primary study.

Statistical analysis

The minimum sample size required for this target trial
was 472 cases (236 cases in each group) estimated by
PASS 15 (Supplement pp5). In the primary analysis, the
log-rank test was utilized to compare OS between the
two groups. The Kaplan—Meier curves were generated,
while hazard ratios (HRs) along with 95% confidence
intervals (CIs) were estimated using the Cox propor-
tional hazards model. Details of secondary outcomes
analyses and patients’ characteristics were displayed in
Supplementary pp5 and 6.

Then, four sensitivity analyses and two post hoc ana-
lyses were conducted. First, rather than censoring patients
during follow-up, we kept them in the risk set until the
end of the follow-up. Second, without the use of SIPTW,
we conducted a Kaplan—Meier curve analysis and a tradi-
tional Cox proportional hazards model. Third, propensity
score matching was performed using a 1:1 nearest-
neighbor method without replacement and a caliper
width of 0.05. Fourth, we excluded patients in the ICI-
VEGF group who received TACE after three months to
account for the potential unidirectional crossover effect.

In the first post hoc analyses, we only included
patients who received first-line atezolizumab-
bevacizumab, sintilimab-bevacizumab biosimilar, or
camrelizumab-apatinib with or without TACE and
repeated the primary analysis. The second post hoc
analysis only included patients with complete baseline
data of serum alpha-fetoprotein (AFP) levels and albu-
min-bilirubin (ALBI) grade, including these two vari-
ables in the primary analysis to adjust for potential
confounding factors.

A subgroup analysis was performed to assess the
effect of TACE-ICI-VEGF therapy across the prespecified
subgroups. Due to the multiple comparisons involved,
findings from subgroup analyses should be interpreted as
exploratory. All comparisons were 2-tailed, with P < 0.05
considered significant. All analyses were performed by
using R software (version 4.3.1).

Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
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writing of the report. GJT, ZGR, HDZ, ZCJ, and JJC had
access to the dataset. GJT and ZGR had the final
responsibility for the decision to submit for publication.

Results

Patient characteristics

A total of 1244 patients were included in this analysis:
802 in TACE-ICI-VEGF group and 442 in ICI-VEGF
group (Fig. 1). The median age was 55 (interquartile
range [IQR], 48-62) years, 1067 patients (85.8%) were
male, and 1047 patients (84.2%) had HBV-related
infection. Compared with ICI-VEGF group, patients in
TACE-ICI-VEGF group had higher tumor burden
(beyond up-to-seven criteria, 664 [82.8%] vs 334
[75.6%]), accompanied by a higher proportion of
vascular invasion (596 [74.3%)] vs 286 [64.7%]) and a
lower proportion of extrahepatic spread (437 [54.5%] vs
288 [65.2%)]) before sIPTW (Table 1). After applying
sIPTW, baseline characteristics were well-balanced

between the two groups (Table 1). The standardized
differences between the two groups for each baseline
covariate before and after sIPTW are shown in
Figure S3.

During the period of triple (TACE-ICI-VEGF) or
dual (ICI-VEGF) treatment regimens, patients in
TACE-ICI-VEGF group underwent a median of 5 cycles
of ICIs (IQR, 3-8), 5.8 months of anti-VEGF antibody/
TKIs (IQR, 2.9-10.0), and 2 sessions of TACE pro-
cedures (IQR, 1-4), whereas patients in ICI-VEGF
group had a median of 5 cycles of ICIs (IQR, 3-9)
and 5.1 months of anti-VEGF antibody/TKIs (IQR,
3.0-9.0). Subsequent post-line therapies are summa-
rized in Table S4.

Efficacy

The median follow-up time was 21.1 (95% confidence
interval [CI]: 19.9-22.2) months in TACE-ICI-VEGF
group, vs 20.6 (95% CI: 19.6-24.1) months in ICI-VEGF
group (P = 0.50). At the time of data cutoff, 363 patients

2559 HCC patients treated with ICls plus anti-VEGF antibody/TKls
with or without TACE screened for eligibility
from January 2018 to December 2022

v

1315 excluded
481 BCLCAorB
732 Prior systemic therapy
8 Child-Pugh grade C, uncontrollable
ascites, or hepatic encephalopathy
36 without vascular invasion or
extrahepatic spread
58 incomplete data

1244 advanced stage HCC patients treated with first-line IClsand
anti-VEGF antibody/TKIs with or without TACE

802 patients included in the
TACE-ICI-VEGF group

442 patients included in the
ICI-VEGF group

Fig. 1: Study cohort. HCC, hepatocellular carcinoma; ICls, immune checkpoint inhibitors; VEGF, vascular endothelial growth factor; TKIs, tyrosine
kinase inhibitors; TACE, transarterial chemoembolization; BCLC, Barcelona Clinic Liver Cancer; TACE-ICI-VEGF, TACE with IClIs plus anti-VEGF

antibody/TKIs; ICI-VEGF, ICls plus anti-VEGF antibody/TKIs.
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Characteristics

Before sIPTW

After sIPTW®

TACE-ICI-VEGF (n = 802) ICI-VEGF (n = 442) P value SMD TACE-ICI-VEGF (n = 805) ICI-VEGF (n = 437) P value SMD
Median age (years) 54 (48-62) 56 (48-63) 0.034 0.116 54 (48-63) 56 (47-62) 0.90 0.001
Sex 0.46 0.049 0.85 0.012
Male 683 (85.2) 384 (86.9) 693 (86.1) 378 (86.5)
Female 119 (14.8) 58 (13.1) 112 (13.9) 59 (13.5)
ECOG PS 0.081 0.129 0.92 0.024
0 455 (56.7) 254 (57.5) 464 (57.6) 257 (58.8)
1 320 (39.9) 162 (36.7) 308 (38.3) 162 (37.1)
2 27 3.4) 26 (5.9) 33 (41) 18 (4.1)
Etiology 0.089 0.107 0.64 0.029
Hepatitis B virus 664 (82.8) 383 (86.7) 681 (84.6) 374 (85.6)
Others 138 (17.2) 59 (13.3) 124 (15.4) 63 (14.4)
Cirrhosis 0.066 0.114 0.87 0.010
Absent 225 (28.1) 102 (23.1) 211 (26.2) 112 (25.6)
Present 577 (71.9) 340 (76.9) 594 (73.8) 325 (74.4)
Child-Pugh class 0.81 0.019 0.93 0.005
A 659 (82.2) 360 (81.4) 659 (81.8) 357 (817)
B 143 (17.8) 82 (18.6) 146 (18.2) 80 (18.3)
ALBI grader 0.13 0.122 0.37 0.087
1 293 (38.7) 182 (43.3) 291 (38.2) 173 (41.7)
2 445 (58.8) 223 (53.1) 451 (59.2) 227 (55.0)
3 19 (2.5) 15 (3.6) 20 (2.6) 13 (32)
Up-to-seven criteria 0.0028 0.179 0.96 0.003
Within 138 (17.2) 108 (24.4) 163 (20.2) 89 (20.4)
Beyond 664 (82.8) 334 (75.6) 642 (79.8) 348 (79.6)
Macrovascular invasion 0.00046  0.210 0.92 0.006
Absent 206 (25.7) 156 (35.3) 235 (29.2) 129 (29.5)
Present 596 (74.3) 286 (64.7) 570 (70.8) 308 (70.5)
Extrahepatic spread 0.00033  0.219 0.85 0.012
Absent 365 (45.5) 154 (34.8) 334 (41.5) 179 (41.0)
Present 437 (54.5) 288 (65.2) 471 (58.5) 258 (59.0)
Serum AFP level® 0.79 0.020 0.67 0.027
<400 ng/mL 384 (47.9) 215 (48.6) 394 (48.9) 208 (47.6)
>400 ng/mL 361 (45.0) 194 (43.9) 354 (44.0) 197 (45.1)
HCC-related treatment history <0.0001 0.423 0.86 0.011
Absent 626 (78.1) 260 (58.8) 570 (70.8) 307 (70.3)
Present 176 (21.9) 182 (41.2) 235 (29.2) 130 (29.7)
Surgery 50 (6.2) 9 (11.1) 0.0035 0.173 9 (8.6) 34 (7.8) 0.60 0.030
Ablation 31 (3.9) 5 (5.7) 0.19 0.084 2 (52) 17 (4.0) 033 0.056
TACE® 121 (15.1) 142 (32.1) <0.0001 0.410 161 (20.0) 102 (23.3) 0.15 0.085
Other LRTs' 15 (1.9) 6 (5.9) 0.00029  0.209 9 (23) 18 (4.1) 0.088  0.097

Data are median (interquartile range) or n (%). Abbreviations: sIPTW, stabilized inverse probability of treatment weighting; TACE-ICI-VEGF, TACE with ICls plus anti-VEGF antibody/TKiIs; ICI-VEGF, ICls plus
anti-VEGF antibody/TKIs; TACE, transarterial chemoembolization; ICls, immune checkpoint inhibitors; VEGF, vascular endothelial growth factor; TKs, tyrosine kinase inhibitors; SMD, standardized mean
difference; ECOG PS, Eastern Cooperative Oncology Group performance status; ALBI, albumin-bilirubin; AFP, alpha-fetoprotein; HCC, hepatocellular carcinoma; LRT, locoregional therapy. *Unless otherwise
indicated, data are expressed as number (percentage) of patients. Percentages have been rounded and may not total 100. ®The total number of patients in two groups is slightly different in the post-sIPTW
pseudo-data set as a result of the weighting. “ALBI grade for 45 and 22 patients are missing in the respective group. 9dSerum AFP data for 57 and 33 patients are missing in the respective group. “History of
TACE treatment more than 3 months prior to systemic therapy. ‘Includes any history of radiotherapy, percutaneous ethanol injection, and hepatic arterial infusion chemotherapy.

Table 1: Patient baseline characteristics before and after applying sIPTW.”

(45.3%) in TACE-ICI-VEGF group and 254 patients
(57.5%) in ICI-VEGF group died. After SIPTW, the me-
dian OS of the TACE-ICI-VEGF group was significantly
longer than that of the ICI-VEGF group (22.6 months
[95% CI: 21.2-23.9] vs 15.9 months [95% CI: 14.9-17.8];
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log-rank P < 0.0001; adjusted HR for death, 0.63; 95% CI:
0.53-0.75; Fig. 2).

The median PFS was also significantly improved in
TACE-ICI-VEGF group vs ICI-VEGF group (9.9 months
[95% CI: 9.1-10.6] vs. 7.4 months [95% CI: 6.7-8.5];
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Fig. 2: Kaplan-Meier curves of (A) overall survival, (B) progression-free survival assessed by RECIST v1.1, and (C) progression-free survival
assessed by mRECIST after sIPTW. TACE-ICI-VEGF, TACE with ICls plus anti-VEGF antibody/TKls; ICI-VEGF, ICIs plus anti-VEGF antibody/TKIs;
TACE, transarterial chemoembolization; ICls, immune checkpoint inhibitors; VEGF, vascular endothelial growth factor; TKIs, tyrosine kinase
inhibitors; Cl, confidence interval; mRECIST, modified RECIST; sIPTW, stabilized inverse probability of treatment weighting.
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Characteristics TACE-ICI-VEGF ICI-VEGF HR (95%Cl) P Value
Primary analysis 363/802 (45-3) 254/442 (57°5) —eo— 0-63 (0-53-0-75) <0-0001
Sensitivity analyses
Clone with IPCW approach 558/1244 (44-9) 719/1244 (57-8) —e— 0-65 (0-54-0-75) <0-0001
Landmark analysis at 3 months 348/786 (44-3) 238/406 (586) —eo— 0-65 (0-55-0-78) <0-0001
Alternative Td analysis 363/802 (45-3) 254/442 (57-5) —eo— 0-64 (0-54-0-76) <0-0001
Without censoring until end of FU 363/802 (45-3) 254/442 (57-5) —eo— 0-65 (0-55-0-76) <0-0001
Unweight Cox model 363/802 (45-3) 254/442 (57-5) —eo— 0-58 (0-49-0-69) <0-0001
Cox model after PSM 187/405 (46-2) 234/405 (57-8) —e— 0-62 (0-52-0:78) <0-0001
Excluded ICI-VEGF received TACE after 3m 363/802 (45-3) 237/408 (58:1) —e— 0-62 (0-52-0-74) <0-0001
First post-hoc analysis 101/241 (41-9) 99/150 (66-0) —e— 0-44 (0-33-0-59) <0-0001
Second post-hoc analysis 324/733 (44-2) 231/397 (58-2) —e— 0-61(0-51-0-73) <0-0001
Subgroups
Sex
Female 58/119 (48:7) 37/58 (63-8) ——e— 0-54 (0-36-0-82) 0-0038
Male 305/683 (44-7) 217/384 (56-5) —e— 0-68 (0-57-0-81) <0-0001
Age
<65 303/668 (45-4) 203/346 (58:7) —eo— 0-64 (0-54-0-77) <0-0001
>65 60/134 (44-8) 51/96 (53-1) ——e—— 0-76 (0-52-1-10) 0-15
ECOG
0 174/455 (38-2) 152/254 (59-8) —e— 0-61 (0-49-0-76) <0-001
1 170/320 (53-1) 85/162 (52'5) —e— 0-72 (0-55-0-93) 0-012
2 19/27 (70-4) 17/26 (65-4) } s | 0-66 (0-33-1-32) 024
Hepatitis B virus infection
Absent 80/138 (58) 31/59 (52'5) —e—— 1-03 (0-68-1-56) 0-89
Present 283/664 (42-6) 223/383 (58-2) —eo— 0-60 (0-50-0-71) <0-0001
Cirrhosis
Absent 98/225 (43-6) 60/102 (58-8) —-e— 0-61 (0-44-0-85) 0-0032
Present 265/577 (45-9) 194/340 (57-1) —e— 0-68 (0-56-0-81) <0-0001
Child-Pugh class
A 297/659 (45-1) 203/360 (56-4) —eo— 0-71 (0-59-0-85) 0-00016
B 66/143 (46-2) 51/82 (62-2) ——e— 0-49 (0-34-0-71) 0-00016
ALBI grade
1 119/293 (40-6) 115/182 (63-2) —e— 0-60 (0-47-0-78) 0-0001
2 207/445 (46-5) 125/223 (56-1) —e— 0-60 (0-48-0-76) <0-0001
3 9/19 (47-4) 9/15 (60) . | 0-66 (0-26-1-68) 038
Up-to-seven
Within 55/138 (39-9) 50/108 (46-3) ——e— 0-82 (0-56-1-20) 0-30
Beyond 308/664 (46-4) 204/334 (61-1) —e— 0-61(0-51-0-72) <0-0001
Macrovascular invasion
Absent 83/206 (40-3) 77/156 (49-4) —e— 0-70 (0-51-0-95) 0-024
Present 280/596 (47) 177/286 (61-9) —eo— 0-62 (0-52-0-75) <0-0001
Extrahepatic spread
Absent 165/365 (45-2) 87/154 (56-5) —e— 0-71 (0-54-0-92) 0-0088
Present 198/437 (45-3) 167/288 (58) —eo— 0-64 (0-52-0-79) <0-0001
Serum AFP Level
<400 181/384 (47-1) 104/215 (48-4) —e— 0-89 (0-69-1-13) 0-32
>400 150/361 (41-6) 129/194 (66-5) —e— 0-47 (0-37-0-60) <0-0001
Previous treatment history
Absent 283/627 (45-1) 157/260 (60-4) —e— 0-62 (0-51-0-75) <0-0001
Present 80/175 (45:7) 97/182 (53-3) | I —e— | 0-75 (0-56-1-01) 0-057
03 05 1-0 2:0

<— TACE-ICI-VEGF  ICI-VEGF ——»

Fig. 3: Subgroup analysis of overall survival. TACE-ICI-VEGF, TACE with ICls plus anti-VEGF antibody/TKls; ICI-VEGF, ICIs plus anti-VEGF
antibody/TKls; TACE, transarterial chemoembolization; ICls, immune checkpoint inhibitors; VEGF, vascular endothelial growth factor; TKIs,
tyrosine kinase inhibitors; HR, hazard ratio; Cl, confidence interval; IPCW, inverse probability of censoring weight; FU, follow-up; PSM, propensity
score matching; ECOG, Eastern Cooperative Oncology Group; ALBI, albumin-bilirubin; AFP, alpha-fetoprotein.

log-rank P < 0.0001; adjusted HR, 0.74; 95% CI:
0.65-0.85; Fig. 2) according to RECIST v1.1. This finding
was consistent with the median PFS following mRECIST
(9.9 months [95% CI: 9.1-10.3] vs. 8.0 months [95% CIL:
7.0-9.1]; log-rank P = 0.0025; adjusted HR, 0.80 [95% CI:
0.70-0.92); Fig. 3). The confirmed ORRs were 41.2%
(95% CI: 37.7-44.6) in TACE-ICI-VEGF group and 22.9%
(95% CI: 19.0-27.1) in ICI-VEGF group, as per RECIST
1.1 (P < 0.0001), and 47.3% (95% CI: 43.7-50.7) and
29.7% (95% CI: 25.5-34.3), respectively, according to
mRECIST (P < 0.0001).

After applying IPCW, the median OS in TACE-ICI-
VEGF was 22.5 months (95% CI: 21.1-23.9) vs 15.9
months (95% CI: 14.8-17.8) in ICI-VEGF group, with a
HR = 0.65 (95% CI: 0.54-0.75) by 1000 resamples boot-
strap. Similar results were observed in both the landmark
analysis and alternative Td analysis (Fig. 3 & Figure S4).
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The sensitivity analyses and post hoc analyses also sup-
ported these results (Fig. 3 & Figure S5). For patients
receiving standard first-line combinations (including ate-
zolizumab plus bevacizumab, sintilimab plus bev-
acizumab biosimilar, or camrelizumab plus apatinib), the
median OS in TACE-ICI-VEGF group was 26.0 months
(95% CI: 22.4-33.4) compared to 14.7 months (95% CIL:
12.9-17.8) in ICI-VEGF group. This yielded a log-rank P
value <0.0001 with an adjusted HR of 0.44 (95% CI:
0.33-0.59; Figure S5). There are 34 patients in ICI-VEGF
group treated with TACE after three months. After
excluding these patients, the OS in TACE-ICI-VEGF
group was 22.5 (21.1-23.8) months compared with 15.9
(15.1-17.8) months (logrank P < 0.0001) in ICI-VEGF
group (adjusted HR = 0.62 [95% CI: 0.52-0.74];
Figure S5). Detailed results were described in Supplement
pp9-11.
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The OS benefits of TACE-ICI-VEGF treatment
were generally consistent across various clinical sub-
groups (Fig. 3 & Figure S6). A similar trend of
improved PFS was observed in TACE-ICI-VEGF group
(Figure S7). An exception was for levels of serum
AFP, where the 95% confidence intervals for patients
with serum AFP above or below 400 ng/mL did not
overlap, with higher treatment differences at higher
levels of AFP.

Safety

AEs of any grade were reported in 573 patients (71.4%)
in TACE-ICI-VEGF group and 247 patients (55.9%) in
ICI-VEGF group (Table S5). Grade 3—4 AEs occurred in
176 patients (21.9%) in TACE-ICI-VEGF group and
79 (17.9%) patients in ICI-VEGF group, while grade 5
AEs occurred in 2 patients (0.2%) and 1 patient (0.2%),

Adverse events Any grade Grade >3
TACE-ICI-VEGF ICI-VEGF TACE-ICI-VEGF ICI-VEGF
(n = 802) (n = 442) (n = 802) (n = 442)

Abdominal pain 200 (24.9) 8 (1.8) 44 (5.5) 1(0.2)
Pyrexia 193 (24.1) (5.0) 8 (1.0) 3(07)
Increased ALT 158 (19.7) 61 (13.8) 23 (2.9) 9 (2.0)
Increased AST 151 (18.8) 0 (13.6) 22 (27) 10 (2.3)
Hypertension 135 (16.8) 7 (19. 7) 26 (3.2) 19 (4.3)
Pain 115 (14.3) ( 3(0.4) 0

HFSR 96 (12.0) 41 (9. ) 15 (1.9) 4 (0.9)
Fatigue 106 (13.2) 64 (14.5) 13 (1.6) 5 (1.1)
Nausea 7 (12.1) 22 (5.0) 2 (0.2) 0
Vomiting 2 (11.5) 10 (2.3) 2 (0.2) 1(0.2)
Elevated bilirubin 6 (9.5) 42 (9.5) 14 (1.7) 11 (2.5)
Diarrhea 5 (9.4) 50 (11.3) 10 (1.2) 8 (1.8)
Rash 3(9:1) 52 (11.8) 8 (1.0) 4 (0.9)
Proteinuria (6 5) 39 (8.8) 6 (0.7) 3(0.7)
Anorexia 2 (7.7) 41 (9.3) 4 (0.5) 2 (0.5)
Hypothyroidism 5 (5.6) 28 (6.3) 2 (0.2) 0

RCCEP 41 (5.1) 12 (2.7) 3 (0.4) 0
Thrombocytopenia 6 (4.5) 41 (9.3) 8 (1.0) 8 (1.8)
Gastrointestinal 3 (2.9) 18 (4.1) 8 (1.0) 9 (2.0)
hemorrhage

Decreased WBC count 21 (2.6) 13 (2.9) 3(0.4) 1(0.2)
Abdominal distension 18 (2.2) 5(11) 1(0.1) 0

Ascites 17 (2.1) 17 (3.8) 1(0.1) 1(0.2)
Pruritus 11 (1.4) 7 (1.6) 2 (0.2) 0
Pneumonitis 11 (1.4) 7 (1.6) 4 (0.5) 2 (0.5)
Infusion-related 5 (0.6) 0 0 0
reaction

Weight decrease 4 (0.5) 2 (0.5) 0

Constipation 3( 3(0.7) 0
TACE-ICI-VEGF, TACE with ICls plus anti-VEGF antibody/TKIs; ICI-VEGF, ICls plus anti-VEGF antibody/TKIs; TACE,
transarterial chemoembolization; ICls, immune checkpoint inhibitors; VEGF, vascular endothelial growth factor;
TKis, tyrosine kinase inhibitors; ALT, alanine aminotransferase; AST, aspartate aminotransferase; HFSR, hand-
foot skin reaction; RCCEP, reactive cutaneous capillary endothelial proliferation; WBC, white blood cell.
Table 2: Adverse events after treatment in whole population.
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respectively. The most common AEs of any grade in
each group are shown in Table 2.

ICIs were discontinued due to AEs in 41 patients
(5.1%) in TACE-ICI-VEGF group, compared to 19
patients (4.3%) in ICI-VEGF group, while discontinua-
tion of anti-VEGF antibody/TKIs occurred in 64 patients
(8.0%) vs 37 patients (8.4%), respectively. Thirty-four
patients (4.2%) in TACE-ICI-VEGF group and 26
patients (5.9%) in ICI-VEGF group experienced dose
interruptions of ICIs due to AEs. Moreover, dose
reductions or interruptions of anti-VEGF antibody/TKIs
due to AEs were reported in 154 patients (19.2%) in
TACE-ICI-VEGF group vs 92 patients (20.8%) in
ICI-VEGF group (Table S5).

Discussion

To the best of our knowledge, this is the most extensive
multicenter study conducted to evaluate the efficacy and
safety of combining TACE with ICIs and anti-VEGF
antibody/TKIs as a first-line treatment for advanced
HCC in the real-world setting. Our results support the
combination of TACE with ICIs and anti-VEGF anti-
body/TKIs, showing significantly better OS, PFS, and
ORR compared to the use of ICIs and anti-VEGF anti-
body/TKIs alone. An increase in AEs was observed but
was acceptable. These survival benefits were consistent
in multiple sensitivity analyses and across clinical sub-
groups. The credibility of our results was further rein-
forced by the use of a target trial emulation framework,
which approximates prospective RCTs to minimize bias
from confounding factors.

Compared to those in reported trials evaluating first-
line ICIs combined with anti-VEGF antibody/TKIs for
advanced HCC (Table S6), patients in our study had a
higher prevalence of poor liver function, with approxi-
mately 18% of patients in the Child-Pugh B class.
Additionally, a higher proportion of patients had
vascular invasion (~70%) and HBV infection (~80%).
27 (3.4%) and 26 (5.9%) patients with ECOG PS of
2 from the two groups were included in this study. This
demographic more accurately reflected the real-world
clinical practice than the highly selected populations
typically involved in clinical trials. Notwithstanding
these differences, patients in the TACE-ICI-VEGF group
achieved a median OS of 22.6 months, a median PFS of
9.9 months, and an ORR of 41.2%. These results are
comparable to those of previous clinical trials,*” which
indicate that adding TACE to the regimen of ICIs plus
anti-VEGF antibody/TKIs is a feasible approach for
patients with advanced HCC in a real-world setting.

There are sound reasons to integrate TACE with ICIs
and anti-VEGF antibody/TKIs in treatment regimens.
TACE can induce a hypoxia microenvironment, leading
to upregulated VEGF expression and tumor angiogen-
esis.’ Elevated VEGF levels foster an immunosuppres-
sive tumor environment, hindering dendritic cell
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maturation and function, and increasing T regulatory
cells and myeloid-derived suppressor cell recruitment.”
By targeting VEGF, there is potential to restore anti-
tumor activity and enhance the effectiveness of ICIs.*
Furthermore, TACE prompts the release of tumor
antigens and proinflammatory cytokines, fostering
immunogenic cell death and converting non-
immunogenic tumors into immunogenic ones."” These
potential mechanisms might explain why, compared to
the PFS benefits primarily attributed to locoregional
treatment, the OS outcomes in our study showed more
significant improvements, likely enhanced by the com-
bination therapy.

In alignment with the combination rationales, the
EMERALD-1 trial, the first global phase 3 study,
demonstrated a significant improvement in PFS—its
primary endpoint, in unresectable HCC patients
receiving the combination of durvalumab plus bev-
acizumab with TACE. The median PFS was 15.0
months (95% CI: 11.1-18.9) with combination therapy
and 8.2 months (95% CI: 6.9-11.1) with TACE alone
(HR = 0.77 [95% CI: 0.61-0.98]; stratified log-rank
P = 0.032). This benefit was generally consistent
across subgroups. Furthermore, time to progression
(22.0 months [95% CI: 16.6-24.9] vs. 10.0 months [95%
CI: 7.1-13.6]) and ORR (43.6% vs. 29.6%) were also
significantly improved with combination therapy. The
safety profile was manageable and in line with known
profiles of the treatments involved. However, it should
be noted that the study population and treatment ap-
proaches in the EMERALD-1 trial, which involves HCC
patients eligible for embolization across different stages
and compares durvalumab plus bevacizumab with
TACE to TACE alone, are different from our study.

The survival benefits of adding TACE to systemic
therapy were also examined across several clinical sub-
groups. While the results from subgroup analyses are
considered exploratory and should be interpreted with
caution, there are several noteworthy observations that
merit discussion. A significant concern regarding the
addition of TACE to systemic therapy is the potential
deterioration of liver function, which could increase the
risk of mortality resulting from liver decompensation.
Previous studies found that both TACE and ICI-VEGF
treatment are safe and potentially effective for patients
with Child-Pugh B class.”** Our study did not observe
any additional risk associated with combination therapy
in this population. For patients with high intrahepatic or
extrahepatic tumor burden, TACE could effectively
reduce intrahepatic tumor burden. Consequently, the
efficacy of ICI-VEGF may be improved as the tumor
burden diminishes.” In line with this, patients with
serum AFP levels>400 ng/mL, reflecting a higher tumor
burden, may benefit more from combination therapy.
Considering the confidence intervals for high and low
AFP level do not even overlap in subgroup analysis
(Fig. 3 & Figure S7), the relationship between
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therapeutic outcomes and serum AFP levels was then
specifically examined. A significant interaction was
found both for overall survival (P = 0.00028) and
progression-free survival (P = 0.0028). These results
suggest that incorporating patient-specific AFP levels
into future treatment strategies could potentially tailor
treatment plans, possibly optimizing therapeutic out-
comes while minimizing adverse effects. Future
research is warranted to explore these observations
further.

It is crucial to consider whether the AEs might have a
cumulative effect in combination therapy. In this study,
the overall AE rate was higher in the TACE-ICI-VEGF
group compared to the ICI-VEGF group (71.4% vs
55.9%), though the rates of grade 3—4 AE were similar
(21.9% vs 17.9%), and grade 5 AEs occurred in 0.2% of
patients in both groups. Patients in the TACE-ICI-VEGF
group experienced increased incidences of abdominal
pain, nausea, fever, and temporary rises in liver enzyme
elevations and hyperbilirubinemia, probably attributed
to TACE. It would be interesting to explore the impact of
AEs on treatment efficacy in future studies.** Compa-
rable rates of drug discontinuation, dose reduction, or
interruption were exhibited in the two groups. Hence,
combining TACE with ICIs and anti-VEGF antibody/
TKIs in advanced HCC was generally well-tolerated.

We acknowledge that the use of multiple drugs and
their various combinations is a major limitation in our
study. Inspired by the concept of “umbrella trials”, we
pooled various combination protocols. Several ICIs and
TKIs, approved by the National Medical Products
Administration and available in China, have demon-
strated efficacy in HCC in RCTs.”****° Drug combina-
tion choices were based on a multidisciplinary expert-led
clinical decision-making process, considering the pa-
tient'’s medical profile, financial considerations, and
personal preferences. To mitigate the influence of
different drugs, we performed a post-hoc analysis
including only atezolizumab-bevacizumab, sintilimab-
bevacizumab biosimilar, or camrelizumab-apatinib. The
results were consistent with our primary analysis.
Moreover, there was heterogeneity in the TACE pro-
cedures in different centers. The standardization of
TACE procedures across participating centers mini-
mized such heterogeneity.'* Besides, this study did not
collect data on liver-specific responses or patterns of
progression, which are important for evaluating intra-
hepatic tumor shrinkage resulting from the addition of
TACE to systemic treatment. Our study included only
Chinese patients, mostly with HBV-related HCC,
therefore our findings cannot be easily generalized to
Western populations, where other etiologies of liver
disease are prevalent and baseline patient characteristics
are different.

In conclusion, first-line treatment combining TACE
with ICIs plus anti-VEGF antibody/TKIs was associated
with significantly improved OS, PFS, and ORR
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compared to ICIs plus anti-VEGF antibody/TKIs alone
in patients with advanced HCC. AEs were generally
well-tolerated, although slightly more commonly
observed in the TACE combination group. The results
of this study support the use of TACE combined with
ICIs and anti-VEGF antibody/TKIs as first-line treat-
ment for advanced HCC.
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