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Purpose: This study aimed to explore the clinical efficacy of transarterial chemoembolization (TACE) in combination with tyrosine
kinase inhibitors (TKIs) plus immune checkpoint inhibitors (ICIs) (triple therapy) compared to TACE alone (monotherapy) for
advanced hepatocellular carcinoma (HCC).

Material and Methods: Data of consecutive advanced HCC patients receiving triple therapy or monotherapy at our center between
January 2019 and December 2022 were collected and retrospectively analyzed. Propensity score matching (PSM) and subgroup
analyses were performed to reduce the bias between the two groups. The primary outcomes of the study were the overall survival (OS)
and progression-free survival (PFS). The secondary outcomes were the objective response rate (ORR) and disease control rate (DCR).
Results: A total of 104 patients were enrolled in this study: 41 in the triple therapy group and 63 in the monotherapy group. After
PSM analysis, each group included 37 patients. The median OS and PFS were significantly longer in the triple therapy group than in
the monotherapy group in the whole cohort (median OS, 18.8 vs 11.7 months, P = 0.022; median PFS, 10.5 vs 6.4 months, P = 0.012)
and after PSM (median OS, 19.6 vs 12.5 months, P = 0.030; median PFS, 10.5 vs 6.7 months, P = 0.008). Furthermore, the treatment
modality was an independent prognostic factor for OS (hazard ratio [HR]: 0.449, 95% confidence interval [CI]: 0.240-0.840, P =
0.012) and PFS (HR: 0.406, 95% CI: 0.231-0.713, P = 0.002) according to the multivariate cox regression analysis. A greater ORR
was also observed in the triple therapy group (ORR: 56.7% vs 32.4%, P = 0.035). No significant difference was observed in DCR
between the two groups (83.7% vs 72.9%, P = 0.259).

Conclusion: The triple therapy was superior to the monotherapy regarding OS, PFS, and ORR of advanced HCC patients.
Keywords: hepatocellular carcinoma, transarterial chemoembolization, tyrosine kinase inhibitors, immune checkpoint inhibitors,
efficacy

Introduction

Hepatocellular carcinoma (HCC) is the most prevalent type of primary liver cancer ranking as the third leading cause of
cancer-related death worldwide.! Most HCC patients are often diagnosed at an advanced stage due to the insidious onset
of this disease and patients frequently have comorbidities of chronic liver disease. This limitation limits the feasibility of

curative treatments such as surgical resection, liver transplantation, and ablation. The corresponding practice guidelines
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recommend transarterial chemoembolization (TACE) and systemic therapies for these patients to improve the overall
prognosis.*~

TACE has been established worldwide as the standard local treatment for intermediate and advanced HCC, with an
overall objective response rate (ORR) ranging from 30% to 40%.* However, the prognosis of patients receiving only
TACE remains poor because most patients develop resistance after repeated treatment, probably due to the hypoxia-
induced angiogenesis in the residual viable tumors after TACE.” Therefore, the combination of TACE with systemic
therapy is the preferred strategy for these patients. Several studies reported the efficacy of the combination TACE with
tyrosine kinase inhibitors (TKIs, targeting angiogenesis), and most of these studies showed an improved progression-free
survival (PFS) but without any significant overall survival (OS) benefit.*’ In addition, the LAUNCH trial demonstrated
that TACE combined with lenvatinib significantly prolonged the median OS in patients with advanced HCC compared to
lenvatinib monotherapy (17.8 months versus 11.5 months).® Thus, the combined treatments are promising in the
management of advanced HCC and are still under investigation.

Immune checkpoint inhibitors (ICIs) have recently shown promising results in trials of advanced HCC, thus
considering immunotherapy as a valid treatment to cure HCC. The IMbravel50 trial revealed that atezolizumab plus
bevacizumab are significantly better in prolonging OS and PFS than sorafenib in patients with advanced HCC, making
this combination the first-line treatment option.” Additionally, dual-combination modalities of other systemic therapies,
such as lenvatinib plus pembrolizumab'® and apatinib plus camrelizumab'' show promising results with tolerable
toxicity. A meta-analysis showed that the triple combination of TACE, TKIs, and ICIs results in better short- and long-
term outcomes of patients with unresectable HCC.'? Besides, numerous clinical trials on the triple therapy are in progress
to confirm this synergetic effect, but the results have not yet been published.'*'* Therefore, in this work a retrospective
was performed to evaluate the efficacy of TACE in combination with TKIs plus ICIs versus TACE alone for
advanced HCC.

Materials and Methods
Study Design and Patients

This study was performed according to the principles of the Declaration of Helsinki and was approved by the Ethics
Committee of the Affiliated Hospital of Southwest Medical University (Ethical number: 23,023). Written informed
consent was not necessary due to the retrospective nature of the study. Consecutive patients with advanced HCC who
received TACE in combination with TKIs plus ICIs (triple therapy group) or TACE alone (monotherapy group) in our
hospital from January 2019 to December 2022 were screened.

The inclusion criteria were the following: (1) histologically or clinically confirmed diagnosis of HCC according to the
current practice guidelines®'”; (2) Barcelona Clinic Liver Cancer (BCLC) stage B or C; (3) Child-Pugh grade A and B;
(4) Eastern Cooperative Oncology Group performance status 0 or 1; (5) at least one radiologically measurable lesion; (6)
patients received either TACE combined with TKIs plus ICIs or TACE monotherapy, with an interval < 1 month between
TACE and the initial administration of TKIs and ICIs. The exclusion criteria were the following: (1) patients with
metastatic hepatic carcinoma or other primary malignancies; (2) combined with other treatments, including resection,
ablation, or transplantation; (3) concomitant with contraindications for therapy; (4) absence of baseline clinical or
imaging data; (5) incomplete follow-up data.

Collected baseline data included age, sex, etiology, cirrhosis, portal hypertension, ascites, Child-Pugh classification,
tumor size, tumor number, portal vein tumor thrombosis (PVTT), presence of extrahepatic metastasis, and BCLC stage.
The treatment strategy was decided by multidisciplinary teams, and the treatment to be performed was decided based on
physicians’ discretion, financial burden and patient consent.

TACE Treatment

The TACE procedure was performed by experienced interventional radiologists following standardized procedures. In
brief, a microcatheter was inserted through the right femoral artery, and angiography was performed to identify the
tumor-feeding artery. Subsequently, chemoembolization was performed using superselective intra-arterial oxaliplatin
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(100-200 mg), S-fluorouracil (500 mg), epirubicin (30-50 mg), and lipiodol (5-20 mL), followed by the administration
of gelatin sponge particles.'® The specific regimen and dosage were determined based on factors such as tumor burden,
body surface area, and physical condition. The need for repeat TACE was assessed based on the results of contrast-
enhanced computed tomography (CT) and/or magnetic resonance imaging (MRI) using “on-demand” mode.

Systemic Treatment

Sorafenib or lenvatinib were chosen as TKIs, the former as an oral administration of 400 mg twice daily, the latter as an
oral administration of 8 mg (for patients weighing less than 60 kg) or 12 mg (for those weighing more than 60 kg) once
daily, following practice guidelines and expert consensus. TKIs agents were discontinued 3 days before and after the
TACE procedure. The ICIs camrelizumab and sintilimab were intravenously administered at a dose of 200 mg every 3
weeks. Patients received systemic treatments until unacceptable toxic effects or disease progression.

Follow-Up and Outcome Assessments

Enhanced CT/MRI scans and laboratory tests were performed during the follow-up period prior to each treatment session,
with a frequency of every 2-3 months. OS was calculated as the time from the initial treatment to either death or the last
follow-up. PFS was determined as the time from the initial treatment to the first indication of tumor progression, death, or
the last follow-up. Tumor response was assessed by two independent radiologists with over five years of experience,
following the modified Response Evaluation Criteria in Solid Tumors (mRECIST).!” The response was divided into
complete response (CR), partial response (PR), stable disease (SD), or progressive disease (PD) depending on the results.
The overall response rate (ORR) included both CR and PR, while disease control rate (DCR) was calculated as the
combination of CR, PR, and SD. All patients were subjected to a routine follow-up until April 2023 or death.

Statistical Analysis

Statistical analysis was performed using IBM SPSS version 22.0 and R version 4.2.1. Propensity score matching (PSM)
analysis was performed to minimize the impact of confounding factors between the two groups. A logistic regression
model was used, incorporating the following variables: age, sex, etiology, Child-Pugh class, tumor size, tumor number,
extrahepatic metastasis, PVTT, BCLC stage, and alpha-fetoprotein (AFP) level (< 400/> 400 pg/L). The nearest-neighbor
matching method with a caliper of 0.2 was used to achieve a 1:1 matching between the groups.

Continuous variables were presented as median with interquartile range (IQR), and the comparison between groups was
performed using either the Student’s #test or the Mann—Whitney U-test. Categorical variables were presented as frequencies
with proportions, and differences between groups were evaluated using the Chi-squared test or Fisher’s exact test. OS and
PFS curves were plotted using the Kaplan-Meier method, and the difference was assessed using the Log rank test. The
prognostic factors associated with OS and PFS were evaluated using Cox univariate and multivariate analyses. Variables
with a P value < 0.10 in the univariate analysis were subjected to a further multivariable analysis. Moreover, a subgroup
analysis was performed to compare the OS and PFS between the triple therapy group and the monotherapy group, taking
into account the baseline characteristics. A value of P < 0.05 was considered statistically significant.

Results

Patient Characteristics

A total of 104 eligible patients were included in this study: 41 receiving TACE combined with ICIs plus TKIs and 63
receiving TACE alone (Figure 1). The baseline characteristics of all patients are listed in Table 1. Most of the patients
were male with an age < 60 years. In total, 22 patients had extrahepatic metastasis, and 53 had portal vein tumor
thrombus. Thirty (73.2%) patients in the triple therapy group were diagnosed with BCLC stage C compared to 45
(71.4%) in the monotherapy group. The mean follow-up period was 14.3 months. However, 74 patients remained (37
patients in each group) in the study cohort after performing PSM analysis in a 1:1 ratio. The median number of TACE
sessions was 2 (IQR: 2-3) in the triple therapy group, compared to 3 (IQR: 2-3) in the monotherapy group (P = 0.536).
No significant difference was observed between the two groups in any of the clinical variables.
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Figure | Flowchart of the study.
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Abbreviations: HCC, hepatocellular carcinoma; BCLC, Barcelona Clinic Liver Cancer; TACE, transarterial chemoembolization.
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The median follow-up time was 15.3 months (IQR: 11.00-21.63) in the triple therapy group and 10.7 months (IQR:
7.17-17.17) in the monotherapy group. Twenty-three (56.10%) patients in the triple therapy group and 44 (69.84%) in

the monotherapy group died during the follow-up. The median OS in the triple therapy group (18.8 months, 95% CI:
12.07-25.53) was longer than that in the monotherapy group (11.7 months, 95% CI: 7.86-15.54, P = 0.022) before PSM

Table | Patient Baseline Characteristics of Triple Therapy and Monotherapy Groups Before and After PSM

Characteristics Before PSM P value After PSM P value
Triple Therapy | Monotherapy Triple Therapy | Monotherapy
Group (n=41) Group (n=63) Group (n=37) Group (n=37)
Age, years, median (IQR) 52.0 (46.0-57.0) | 54.0 (48.5-60.0) 0.224 53.0 (46.0-58.0) | 52.0 (48.0-57.0) 0.961
Sex, n (%)
Male 35 (85.4) 56 (88.9) 0.820 32 (86.5) 31 (83.8) >0.999
Female 6 (14.6) 7(1L1) 5 (13.5) 6 (16.2)
HBV, n (%)
Absent 12 (29.3) 25 (39.7) 0.382 12 (32.4) 14 (37.8) 0.808
Present 29 (70.7) 38 (60.3) 25 (67.6) 23 (62.2)
Cirrhosis, n (%)
Absent 21 (51.2) 32 (50.8) >0.999 20 (54.1) 17 (45.9) 0.642
Present 20 (48.8) 31 (49.2) 17 (45.9) 20 (54.1)
Portal hypertension, n (%)
Absent 33 (80.5) 44 (69.8) 0.326 29 (78.4) 26 (70.3) 0.595
Present 8 (19.5) 19 (30.2) 8 (21.6) 11 (29.7)
Ascites, n (%)
Absent 29 (70.7) 44 (69.9) >0.999 25 (67.6) 27 (73.0) 0.799
Present 12 (29.3) 19 (30.2) 12 (32.4) 10 (27.0)
ALT, U/L, median (IQR) 38.0 (30.2-60.0) | 46.0 (29.0-72.5) 0.299 39.0 (30.2-60.0) | 37.0 (27.0-62.0) 0.585
;ALB, g/L, median (IQR) 36.2 (32.0-40.5) | 34.9 (32.9-38.6) 0.32 36.2 (32.0-40.8) | 36.1 (33.4-38.7) 0.897
TBIL, umol/L, median (IQR) 15.0 (11.4-26.0) | 18.8 (13.9-29.3) 0.09 15.8 (12.8-26.7) | 15.8 (12.7-22.2) 0.709
(Continued)
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Table | (Continued).

Characteristics Before PSM P value After PSM P value
Triple Therapy Monotherapy Triple Therapy Monotherapy
Group (n=41) Group (n=63) Group (n=37) Group (n=37)
AFP, pg/L, n (%)
<400 9 (22.0) 20 (31.7) 0.387 8 (21.6) 8 (21.6) >0.999
>400 32 (78.0) 43 (68.3) 29 (78.4) 29 (78.4)
Child-Pugh class
A 32 (78.0) 40 (63.5) 0.176 28 (75.7) 29 (78.4) >0.999
B 9 (22.0) 23 (36.5) 9 (24.3) 8 (21.6)
Tumor size, cm, median (IQR) 8.7 (6.6—11.6) 9.8 (6.6-12.7) 0.458 10.0 (6.7-12.0) 8.6 (5.3-12.7) 0.837
Tumor number, n (%)
Single 6 (14.6) 12 (19.0) 0.752 6 (16.2) 7 (18.9) >0.999
Multiple 35 (85.4) 51 (81.0) 31 (83.8) 30 (81.1)
Extrahepatic metastasis, n (%)
Absent 31 (75.6) 43 (68.3) 0.557 27 (73.0) 25 (67.6) 0.799
Present 10 (24.4) 20 31.7) 10 (27.0) 12 (32.4)
Portal vein tumor thrombus, n (%)
Absent 12 (29.3) 19 (30.2) 0.977 10 (27.0) 11 (29.7) 0.837
Vp-1 6 (14.6) 8 (12.7) 5 (13.5) 4 (10.8)
Vp-2 9 (22.0) 16 (25.4) 8 (21.6) 9 (24.3)
Vp-3 8 (19.5) 13 (20.6) 8 (21.6) 10 (27.0)
Vp-4 6 (14.6) 7 (11.1) 6 (16.2) 3(8.1)
BCLC stage, n (%) >0.999 0.794
B 11 (26.8) 18 (28.6) 9 (24.3) 11 (29.7)
C 30 (73.2) 45 (71.4) 28 (75.7) 26 (70.3)
Times of TACE 2 (2.0-3.0) 2 (2.0-3.0) 0.826 2 (2.0-3.0) 3 (2.0-3.0) 0.536

Abbreviations: PSM, propensity score matching; HBV, hepatitis B virus; ALT, alanine transaminase; ALB, albumin; TBIL, total bilirubin; AFP, alpha-
fetoprotein; BCLC, Barcelona Clinic Liver Cancer; TACE, transarterial chemoembolization; IQR, interquartile range.

(Figure 2A). The corresponding median OS was 19.6 months (95% CI: 11.52-27.74) and 12.5 months (95% CI: 17.50—
17.42, P = 0.030, Figure 2B) after PSM. Moreover, subgroup analysis showed a significantly longer OS in the triple

therapy group within the following subgroups: male, HBV-positive, tumor size > 5cm, and BCLC stage C (Figure 3).

Furthermore, the univariate and multivariate analyses revealed that extrahepatic metastasis (HR= 2.062, 95% CI: 1.069—
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Figure 2 Kaplan—Meier survival curves for OS before PSM (A) and after PSM (B).
Abbreviations: OS, overall survival; PSM, propensity score matching.
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Triple therapy Monotherapy

Subgroup group group HR(95%CI) P value
All patients 37 37 —l—: 0.53(0.29-0.95) 0.034
Sex |
Female 5 6 i : > 0.55(0.10-3.07) 0.492
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Cirrhosis !
I
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Present 17 20 = E 0.47(0.20-1.15) 0.097
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A 28 29 = : 0.59(0.30-1.16) 0.125
B 9 8 = : 0.36(0.10-1.25) 0.108
Tumor size :
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=5 cm 31 29 —— ! 0.35(0.18-0.68) 0.002
AFP !
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[}
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B 9 11 —= : 0.18(0.02-1.46) 0.108
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Extrahepatic metastasis !
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I | | | |
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Triple therapy Better Monotherapy Better

Figure 3 Subgroup analysis of OS.
Abbreviations: HR, hazard ratio; Cl, confidence interval; HBV, hepatitis B virus; AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; PVTT, portal vein tumor
thrombosis; OS, overall survival. Bolded values indicate a statistical difference.

3.975, P =0.031) and treatment modality (HR = 0.449, 95% CI: 0.240-0.840, P = 0.012) were independent prognostic
factors for OS (Table 2).

PFS
Thirty (73.17%) patients in the triple therapy group and 54 (85.71%) in the monotherapy group showed a progression of

the disease during the follow-up. The median PFS was 10.5 months (95% CI: 7.3—13.7) in the triple therapy group while
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Table 2 Univariate and Multivariate Analyses of Risk Factors for OS

Characteristics Univariate Analysis Multivariate Analysis
HR 95% CI P value HR 95% ClI P value

Age (260 vs <60) 0.660 0.294-1.485 0.315

Sex (male vs female) 1.038 0.439-2.450 0.933

HBV (yes vs no) 0.928 0.506—1.704 0.810

Cirrhosis (yes vs no) 0.893 0.501-1.594 0.702

Portal hypertension (yes vs no) 0.662 0.328-1.336 0.250

Ascites (yes vs no) 0.960 0.497-1.856 0.904

AFP (>400 vs <400) 0.988 0.474-2.060 0.974

Child-Pugh class (B vs A) 1.362 0.689-2.692 0.374

Tumor size (25 vs <5) 2.188 0.926-5.174 0.074 2.326 0.970-5.578 0.059
Tumor number (22 vs 1) 1.913 0.755-4.849 0.172

Extrahepatic metastasis (yes vs no) 3.054 1.686-5.532 <0.001 2.062 1.069-3.975 0.031
PVTT (yes vs no) 3.289 1.527-7.085 0.002 1.135 0.142-9.052 0.905
BCLC stage (C vs B) 3.637 1.618-8.175 0.002 2.475 0.253-24.22 0.436
Treatment (triple therapy vs monotherapy) 0.527 0.292-0.952 0.034 0.449 0.240-0.840 0.012

Abbreviations: HR, hazard ratio; Cl, confidence interval; HBYV, hepatitis B virus; AFP, alpha-fetoprotein; PVTT, portal vein tumor thrombosis; BCLC,
Barcelona Clinic Liver Cancer; OS, overall survival.

it was 6.4 months (95% CI: 5.2-7.6) in the monotherapy group before PSM (P= 0.012), as shown in Figure 4A. The
corresponding median PFS after PSM was 10.5 months (95% CI: 6.1-14.9) and 6.7 months (95% CI: 4.9-8.5, P = 0.008,
Figure 4B). Besides, the subgroup analysis of PFS is shown in Figure 5. The triple therapy induced evident PFS benefits
in the following subgroups: male, HBV-positive, tumor size > 5 cm, AFP > 400 pg/L, and extrahepatic metastasis. In
addition, extrahepatic metastasis (HR= 6.858, 95% CI: 3.471-13.55, P < 0.001) and treatment modality (HR = 0.400,
95% CI: 0.231-0.713, P = 0.002) were independent prognostic factors for PFS as revealed by the univariate and
multivariate analyses (Table 3).

Tumor Response

The best response evaluation results of the two groups are shown in Table 4. According to the mRECIST criteria, 3/18/10
patients in the triple therapy group had the best tumor response of CR/PR/SD compared with 1/11/15 of the monotherapy
group. The ORR in the triple therapy group was significantly higher than that in the monotherapy group (56.7% vs

>
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Figure 4 Kaplan—Meier survival curves for PFS before PSM (A) and after PSM (B).
Abbreviations: PFS, progression-free survival; PSM, propensity score matching.
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Triple therapy Monotherapy

Subgroup group group HR(95%CI) P value
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Extrahepatic metastasis !
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}
Present 10 12 — 0.32(0.11-0.93) 0.037

| | | | |
0 0.5 1 1.5 2

Triple therapy Better Monotherapy Better

Figure 5 Subgroup analysis of PFS.
Abbreviations: HR, hazard ratio; Cl, confidence interval; HBV, hepatitis B virus; AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; PVTT, portal vein tumor
thrombosis; PFS, progression-free survival. Bolded values indicate a statistical difference.

32.4%, P = 0.035). In addition, a trend towards a higher DCR was observed in the triple therapy group, although the
difference was not statistically significant (83.7% vs 72.9%, P = 0.259).

Discussion
The administration of local therapy plus systemic agents has been widely applied in real-world implementation and
resulted in significant survival improvements in patients with advanced HCC. The multicenter CHANCEOOI trial in
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Table 3 Univariate and Multivariate Analyses of Risk Factors for PFS

Characteristics Univariate Analysis Multivariate Analysis
HR 95% ClI P value HR 95% ClI P value
Age (260 vs <60) 0.850 0.439-1.648 0.631
Sex (male vs female) 1.278 0.602-2.713 0.523
HBV (yes vs no) 0.890 0.516-1.533 0.674
Cirrhosis (yes vs no) 0.857 0.510-1.439 0.559
Portal hypertension (yes vs no) 0.608 0.328-1.336 0.109
Ascites (yes vs no) 0.943 0.529-1.679 0.841
AFP (>400 vs <400) 1.768 0.866-3.610 0.118
Child-Pugh class (B vs A) 1.140 0.613-2.121 0.680
Tumor size (25 vs <5) 1.417 0.714-2.812 0.319
Tumor number (22 vs 1) 1.348 0.661-2.748 0.411
Extrahepatic metastasis (yes vs no) 6.527 3.597-11.840 <0.001 6.858 3.471-13.55 <0.001
PVTT (yes vs no) 3.027 1.604-5.713 <0.001 2.502 0.324-19.33 0.379
BCLC stage (C vs B) 3.225 1.675-6.210 <0.001 0.976 0.112-8.506 0.982
Treatment (triple therapy vs monotherapy) 0.585 0.346-0.987 0.044 0.406 0.231-0.713 0.002

Abbreviations: HR, hazard ratio; Cl, confidence interval; HBYV, hepatitis B virus; AFP, alpha-fetoprotein; PVTT, portal vein tumor thrombosis; BCLC,
Barcelona Clinic Liver Cancer; PFS, progression-free survival.

Table 4 Best Overall Response According to mRECIST

Triple Therapy Group | Monotherapy Group P value
(n=37) (n=37)
Best Response
CR 3 (8.1%) 1 (2.7%)
PR 18 (48.6%) Il (29.7%)
SD 10 (27.0%) I5 (40.5%)
ORR 21 (56.7%) 12 (32.4%) 0.035
DCR 31 (83.7%) 27 (72.9%) 0.259

Abbreviations: mRECIST, modified Response Evaluation Criteria in Solid Tumors; CR, complete
response; PR, partial response; SD, stable disease; ORR, overall response rate; DCR, disease control rate.

China demonstrated that TACE plus PD-(L)1 blockades and molecular targeted treatments significantly improve PFS,
0S8, and ORR versus TACE monotherapy for advanced HCC in real-world practice.'® Several other studies reported
similar findings.'® ' These results suggest that the triple therapy can result in a satisfactory clinical efficacy. Therefore,
a retrospective comparison of the efficacy of triple therapy compared to the monotherapy was performed, aiming to
provide a more reliable basis for clinical decision-making.

The present study revealed that patients in the triple therapy group had significantly longer median OS and median
PFS, as well as higher ORR than those in the monotherapy group, whereas a not significant trend in DCR was observed.
In addition, similar results were obtained after PSM analysis, confirming the effectiveness of triple therapy for advanced
HCC. Moreover, the triple therapy was an independent predictor of longer OS and PFS. This suggests that TACE
combined with systemic therapy had a synergistic effect that improved the therapeutic efficacy against HCC.
Theoretically, TACE induces tumor tissue necrosis, releases tumor antigens, and potentially transforms the immunosup-
pressive microenvironment into an immunosupportive form, thus promoting tumor-specific immune responses and
enhancing the response of ICIs.**** Besides, TKIs promote the infiltration of effector lymphocyte cells into the tumor
microenvironment through tumor vascular normalization, and alleviate hypoxia and immunosuppression, thereby exert-
ing a synergistic effect with immunotherapy.>* Yang et al*> also found that cellular and humoral immunity are activated
by triple therapy, and circulating IgG, Igh, and Igk serve as potential biomarkers. Overall, the aforementioned evidence
lays a theoretical foundation for the amelioration of TACE effect when combined with TKIs plus ICIs.
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Subgroup analyses were further conducted to identify the potential effectiveness of the triple therapy regimen. The
results showed that this regimen was beneficial for OS in the subgroups of male, HBV-positive, tumor size > 5 cm, and
BCLC stage C, as well as for PFS in the subgroups of male, HBV-positive, tumor size > 5 cm, AFP > 400 pg/L, and
presence of extrahepatic metastasis. Similarly, Huang et al*® found that the triple therapy prolongs OS in male patients
with PVTT and AFP > 400 pg/L. Besides, Chen et al*” demonstrated an increased survival after triple therapy correlated
with the expression of PD-L1 in the tumor. The CHANCEOO! trial showed that triple therapy is associated with
a significant longer PFS and OS in patients with extrahepatic metastases and macroscopic portal vein invasion.'®
Thus, combination therapy might yield superior survival benefits in these patients. The reason might be that TACE
only controls intrahepatic lesions, while the systemic treatment alleviates extrahepatic metastases and vascular tumor
thrombus. However, our subgroup analyses revealed that these patients had longer PFS, but not OS, which might be due
to an insufficient sample size. Therefore, further efforts should focus on identifying the specific subset of HCC patients
who might benefit the most from triple therapy to offer more precise treatment options.

To date, several studies reported the clinical outcomes of the triple therapy in the treatment of advanced HCC.
A single-arm retrospective study revealed that TACE+TKIs+camrelizumab triple therapy achieved an ORR of 64.5%,
a DCR of 77.4%, and a median PFS of 6.5 months in 31 patients with unresectable HCC.?® Cai et al'® revealed that the
median OS and PFS in patients with advanced HCC after triple therapy were 16.9 months and 7.3 months, while our
results obtained a slightly higher values. Wu et al*’ demonstrated that drug-eluting bead TACE combined with lenvatinib
and ICIs results in a higher ORR of 82.9%, a DCR of 91.4%, and a median PFS of 9.0 months in 35 patients with
unresectable HCC. The differences in the results might be attributed to different baseline characteristics among the
studies. For example, the proportions of patients with BCLC stage C (54.3%) and extrahepatic metastasis (8.6%) in Wu
et al’s study®® was significantly lower compared to those observed in our study, and these features were associated with
poor prognosis.

The heterogeneity in the selection of systemic therapeutic agents could also contribute to the observed differences in the
results. Sorafenib and lenvatinib are now approved agents for first-line systemic treatment of advanced HCC thanks to the
encouraging results in clinical trials.*>>" Currently, these two TKIs are still preferred in clinical practice and were also used
in our study. ICIs such as camrelizumab and sintilimab have been covered by health insurance or by complimentary drug
policies in China, which are much cheaper than atezolizumab, nivolumab, and pembrolizumab. Besides, the efficacy and
safety of these two ICIs have been confirmed in randomized controlled trials for advanced HCC.'** In addition to
camrelizumab and sintilimab, other ICIs such as tislelizumab, pembrolizumab, and toripalimab have also been used in
similar studies.'”* However, the optimal drug regimen for advanced HCC remains uncertain in real-world practice due to
the heterogeneity of this tumor, and our study provided new insights into multi-drug combination therapy.

The present study has several limitations. First, the retrospective nature of our study inevitably leads to some potential
biases. Although PSM and subgroup analyses were performed, this limitation cannot be completely avoided. Second, this
study was conducted in a single center with a limited sample size, which may be a risk of selection bias. Third, the TKIs and
ICIs agents used in our study were diverse; thus, it is difficult to avoid the confounding effects caused by the different drugs.

Conclusion

In conclusion, the triple combination of TACE, TKIs, and ICIs might be a promising and beneficial treatment for patients
with advanced HCC, offering significant improvements in OS, PFS and ORR compared to TACE monotherapy.
However, multicenter prospective randomized controlled studies are still needed in the future due to the limitations of
this study, to further explore the optimal regimen of a combination therapy, the beneficiary populations, and the potential
mechanisms to provide a reasonable guidance in the treatment of HCC.
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