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Objective: To evaluate the efficacy and safety of transarterial chemoembolization (TACE) combined with tyrosine kinase inhibitors 
(TKIs: sorafenib, lenvatinib, and apatinib) plus camrelizumab (TACE-TKIs-C) vs TACE combined with TKIs (TACE-TKIs) for 
advanced hepatocellular carcinoma (HCC).
Methods: In this two-center retrospective study, patients with advanced HCC treated with TACE-TKIs-C or TACE-TKIs were 
enrolled between January 1, 2018, to October 1, 2020. A total of 260 eligible patients received TACE-TKIs-C (N=70) or TACE-TKIs 
(N=190). The differences in overall survival (OS), progression-free survival (PFS) and tumor response were compared between two 
groups. Propensity score matching (PSM) analysis was applied to reduce patient selection bias. The risk factors affecting OS or PFS 
were analyzed.
Results: Fifty-three pairs of patients were matched after PSM analysis. Before PSM analysis, the median OS and PFS of TACE-TKIs 
-C were significantly longer than those of the TACE-TKIs (OS: not reached vs 12.0 months, P<0.0001; PFS: 10.0 months vs 6.0 
months, P<0.0001). After PSM analysis, the median OS and PFS of TACE-TKIs-C were significantly longer than those of the TACE- 
TKIs (OS: Not reached vs 13.0 months, P<0.0001; PFS: 9.0 months vs 6.0 months, P<0.0001); the uni- and multivariate analysis 
revealed that TACE-TKIs-C treatment was a protective factor of OS and PFS. Grade 3 or 4 hypertension occurred in 14.3% of patients 
in the TACE-TKIs-C group and other high-grade toxic effects were infrequent.
Conclusion: In patients with advanced HCC, TACE-TKIs-C may improve overall and progression-free survival outcomes over 
TACE-TKIs with manageable safety profile.
Keywords: hepatocellular carcinoma, transarterial chemoembolization, tyrosine kinase inhibitors, camrelizumab, propensity score 
matching

Introduction
Hepatocellular carcinoma (HCC) is the leading cause of cancer-related death worldwide with high morbidity.1 Despite 
advances in treatments such as resection, liver transplantation, ablation, tyrosine kinase inhibitors (TKIs), or immu-
notherapy, the prognosis of most HCC patients remains poor.2

The multikinase inhibitors sorafenib and lenvatinib are recommended as the first-line treatment of advanced HCC but 
with modest efficacy.3 In this setting, transarterial chemoembolization (TACE) is recommended to provide local disease 
control for advanced HCC with preserved liver function and exhibited encouraging survival outcomes.4,5 Due to 
upregulation of vascular endothelial growth factor (VEGF) concentration in residual tumor, the combination of TACE 
with antiangiogenic therapy, like sorafenib, lenvatinib, and apatinib may improve clinical outcomes. A randomised, 
multicenter prospective trial (RCT) by Kudo et al reported that this combination improved progression-free survival 
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(PFS) significantly.6 However, other RCTs focusing on the combination of TACE with TKIs, such as sorafenib, brivanib, 
and olantinib, failed to improve clinical outcomes compared with TACE alone.7–9

In addition to TKIs, TACE has also shown the potential to combine with immunotherapy. As a locoregional therapy, 
TACE was expected to release neoantigens, which could enhance immunotherapy by activating relevant immune 
system.10 According to Phase I/II clinical trials (CheckMate040, KEYNOTE-224), immune checkpoint inhibitors 
(ICIs) targeting programmed death 1 (PD-1) have shown significant clinical activity as second-line treatment for 
hepatocellular carcinoma.10–12 However, in Phase III studies of single-agent treatment, nivolumab and pembrolizumab 
failed to improve overall survival significantly.13,14 To improve the efficacy of immunotherapy, combination immu-
notherapy has become an urgent need in HCC therapy research. Combination strategies include two types of immune 
checkpoint inhibitors (anti-PD-1/PD-L1 and anti-CTLA-4 antibodies), anti-PD-1/PD-L1 antibody with TKIs, and anti-PD 
-1/PD-L1 or -CTLA-4 antibody with locoregional therapies.10 Among these, the combination of ICIs with TKIs reached 
a remarkable outcome which has been recognized as first-line treatment by the National Comprehensive Cancer Network 
(NCCN) based on IMbrave150.15

The hypoxia response induced by TACE could not only upregulate VEGF but also stimulate system immune, which 
indicates that TACE, ICIs and TKIs may have the potential to combined with each other. It is reported that TACE+ICIs 
+Sorafenib is better than TACE-Sorafenib in the treatment of advanced TACE-refractory HCC.12 Therefore, it is valuable 
to study whether ICIs+TKIs are beneficial compared with TKIs in TACE-initial HCC.

Sorafenib, lenvatinib, and apatinib are the most commonly used TKIs in China and have been approved for first-line 
or second-line treatment of advanced HCC in China. Camrelizumab, an anti-PD-1 monoclonal antibody with high affinity 
to PD-1 and a different binding epitope from nivolumab and pembrolizumab, was recently approved in China as 
a second-line treatment for advanced HCC. During the past three years, a subset of HCC patients undergoing TACE 
were treated with sorafenib, lenvatinib, or apatinib monotherapy or combination of sorafenib, lenvatinib, or apatinib with 
camrelizumab. Therefore, we conducted this comparative study to elevate the efficacy and side effects of TACE 
combined with TKIs (sorafenib, lenvatinib, or apatinib) + camrelizumab in the treatment of advanced HCC.

Materials and Methods
Study Design and Participants
From January 1, 2018, to October 1, 2020, consecutive HCC patients treated with TACE at our centers were reviewed. 
Among these patients, those who received camrelizumab in combination with sorafenib, lenvatinib, or apatinib were 
assigned to the TACE-TKIs-C arm. The patients who treated with sorafenib, lenvatinib or apatinib were classified into 
TACE-TKIs arm. All patients were pathologically or clinically diagnosed with HCC based on the standard of AASLD. 
This retrospective study has been approved by ethics committee of Union Hospital, Tongji Medical college, Huazhong 
University of Science and Technology (UHCT-IEC-SOP-016-03-01). Nonidentified information was used to protect 
patient confidentiality. The data in this article are anonymous, and the requirement for informed consent was therefore 
waived.

Inclusion criteria included (A) age of 18 years or older; (B) radiological diagnosed with advanced HCC; (C) Child- 
Pugh class A, B; (D) measurable tumor lesions on computed tomography (CT) or magnetic resonance imaging (MRI); 
(E) Eastern Cooperative Oncology Group performance score (ECOG PS) of 0 or 1.

Exclusion criteria included: (A) metastatic liver malignant; (B) Child-Pugh class C; (C) portal vein invasion with 
Vp4;19 (D) any contraindication for therapy with TACE.

TACE Procedure
All patients in both groups received TACE once at least. TACE was conducted by specialists with 10 years` experiences. 
Under the guidance of digital subtraction angiography (DSA), a 5-F catheter (Cook, Bloomington, Indiana, USA) was 
placed into the hepatic artery and a 2.7-F microcatheter (Progreat, Terumo, Tokyo, Japan) was inserted selectively into 
tumor feeding arteries. About 2–20 mL lipiodol and 20–60 mg epirubicin were prepared to make emulsion. Then, the 
emulsion was administrated into the tumor feeding arteries through the microcatheter. Gelatin sponge particles (350–710 
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μm, Alicon, Hangzhou, China) were used to embolize completely the tumor feeding arteries. Finally, hepatic artery 
angiography was performed to validate the complete embolism of the feeding arteries. If the residual lesions were 
confirmed by enhanced CT, the repeated TACE would be recommended.

Camrelizumab and TKIs Administration
Camrelizumab and TKIs were administrated within seven days after TACE therapy. Camrelizumab was recommended at 
a dose of 200mg every 3 weeks and administrated intravenously. If patients developed serve adverse events (AEs), 
camrelizumab was interrupted or discontinued and symptomatic treatment such as glucocorticoids or immune- 
suppressant agents were administered, depending on the severity and the affected organs. Sorafenib was orally admini-
strated at a dose of 400mg twice a day. Lenvatinib was recommended at a dose of 12 mg (≥60 kg) or 8 mg (<60 kg) once 
daily based on body weight. Apatinib was orally administered at a dose of 200 mg once daily for 28 days as a treatment 
cycle. When the tolerable AEs grade 1–2 occurred, the TKIs administration were continued. Once serve AEs occur, TKIs 
administration were discontinued according to drug directions.

Follow Up and Assessment
The first follow-up was conducted within 6 weeks after TACE procedure, and the next clinical follow-up was 
recommended every 2 or 3 months. The tumor response was evaluated by contrasted MRI or CT according to the 
mRECIST. The coprimary end points included overall survival (OS, defined as the time from first TACE procedure to 
death from any cause) and progression-free survival (PFS, defined as the time from first TACE procedure to disease 
progression according to mRECIST). Secondary endpoints were disease control rate (DCR, the percentage of patients 
with a complete or partial response, or stable disease) and objective response rate (ORR, the percentage of patients with 
a complete or partial response). The incidence and severity of AEs were recorded and assessed using vital signs and 
clinical laboratory test results according to the General Adverse Event Terminology Criteria Version 5.0.

Propensity Score Matching (PSM) Analysis
PSM analysis was conducted to reduce bias in patient selection to compare the difference between the TACE-TKIs-C 
group and TACE-TKIs group. The variables showing significant differences or associations with patient selection, 
including ECOG performance, ALT, PT, tumor size, tumor number, TKIs type, were matched in our model. One-to- 
one matching without replacement was applied, and the value of the caliper was 0.05.

Statistical Analysis
The statistical analyses were performed using the SPSS 24.0 software (IBM, Armonk, NY, USA). Continuous variables 
are presented as the mean ± standard deviation (SD) and calculated using the student’s t-test. Categorical variables are 
reported by frequency with percentages and calculated using Chi-squared test. The survival curve of OS and PFS was 
analyzed using Kaplan–Meier analysis and log rank test. Variables with the value of P < 0.10 at univariate analysis were 
entered into multi-univariate Cox proportional hazards regression model analysis, which was used to identify risk factors 
affecting OS and PFS. P-value <0.05 (two-tailed) was considered statistically significant.

Results
Baseline Characteristics of the Study Population
From January 1, 2018, to October 1, 2020, a total of 260 patients (70 TACE-TKIs-C, 190 TACE-TKIs) were included. 
After PSM analysis, 53 pairs of patients were matched. The detailed baseline characteristics are listed in Table 1. The 
TKIs was adopted as sorafenib, lenvatinib, apatinib in 17 (24.3%), 24 (38.6%), and 26 (37.1%) patients, respectively, in 
the TACE-TKIs-C group, and 52 (27.3%), 52 (27.3%), and 86 (45.3%) patients, respectively, in the TACE-TKIs group. 
There was no significant difference in the TKIs composition between the two groups before (P=0.214) and after PSM 
analysis (P=0.970). Besides, the other baseline characteristics between two groups were not significantly different after 
PSM analysis.
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Tumor Response Evaluation
To evaluate the tumor response, ORR and DCR were both tested (Table 2). Before PSM analysis, the ORR was 
significantly higher with TACE-TKIs-C group (27.1% vs 10.0%, P=0.001). After PSM analysis, the ORR of tumor 
response was 26.4% in the TACE-TKIs-C group, which was significantly higher than 9.4% in the group of TACE-TKIs 
group (P = 0.023). The confirmed DCRs were 77.1% with TACE-TKIs-C and 64.7% with TACE-TKIs (P=0.057) before 
PSM analysis, 73.6% with TACE-TKIs-C and 67.9% with TACE-TKIs (P=0.522) after PSM analysis, respectively.

Efficacy
The median follow-up time was 9.8 months (range, 2.0–24.0 months). At clinical cut-off date, a total of 24 patients 
(34.3%) in the TACE-TKIs-C group and 147 patients (77.4%) in the TACE-TKIs group had died. Before PSM analysis, 

Table 1 Baseline Characteristics of Patients Between the Two Groups Before and After PSM Analysis

Characteristics Before PSM (No, %; Mean±SD) P value After PSM (No, %; Mean±SD) P value

TACE-TKIs-C 
(n=70)

TACE-TKIs-C 
(n=190)

TACE-TKIs-C 
(n=53)

TACE-TKIs 
(n=53)

Age (years) 53.8±10.4 51.9±10.1 0.172 52.7±11.2 53.5±9.9 0.721
Genders 0.350 0.164

Male 58/82.9% 166/87.4% 48/90.5% 43/81.1%

Female 12/17.1 24/12.6% 5/9.5% 10/18.9%
ECOG 
performance

0.001 0.842

0 47/67.1% 81/42.6% 32/60.4% 33/62.3%
1 23/32.9 109/57.4% 21/39.6% 20/37.7%

HBV infection 0.328 0.831

Yes 54/77.1% 135/71.1% 38/71.7% 37/69.8%
No 16/22.9% 55/28.9% 15/28.3% 16/30.2%

AFP (ng/mL) 0.470 0.845

>400 40/57.1% 99/52.1% 29/54.7% 30/56.6%
≤400 30/42.9% 91/47.9% 24/45.3% 23/43.4%

Child-Pugh Class 0.822 0.800

A 57/81.4% 157/82.6% 44/83.0% 43/81.1%
B 13/18.6% 33/17.4% 9/17.0% 10/18.9%

ALT(IU/L) 38.1±23.8 60.5±72.7 0.001 42.3±25.1 46.0±45.1 0.595

AST(IU/L) 58.0±62.2 76.8±133.3 0.257 65.1±69.6 65.7±86.5 0.967
TB (µmol/L) 16.4±7.4 19.2±13.4 0.104 16.6±7.6 16.7±10.6 0.974

PLR 149.4±98 157.3±114 0.606 160.0±107.7 155.8±99.0 0.868

NLR 3.3±2.8 3.7±2.6 0.291 3.5±2.9 3.8±2.8 0.690
Albumin(g/dl) 36.4±4.3 37.1±5.0 0.304 36.5±4.4 36.0±5.4 0.548

PT(s) 13.3±1.4 14.0±1.2 0.001 13.7±1.4 13.7±1.2 0.838
Number of 
tumors

0.762 0.831

≤3 24/34.3% 69/36.3% 16/30.2% 15/28.3%
>3 46/65.7% 121/63.7% 37/69.8% 38/71.7%

Tumor size(cm) 8.5±4.8 8.7±4.4 0.798 8.6±4.6 8.5±3.9 0.889

TKIs type 0.214 0.970
Sorafenib 17/24.3% 52/27.3% 15/28.3% 16/30.2%

Lenvatinib 27/38.6% 52/27.3% 18/34.0% 17/32.1%

Apatinib 26/37.1% 86/45.3% 20/37.3% 20/37.3%

Abbreviations: PSM, propensity score matching; ECOG, Eastern Cooperative Oncology Group; BCLC Barcelona Clinic Liver Cancer; HBV, hepatitis B virus; 
AFP, a-fetoprotein; TACE, transarterial chemoembolization; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TB, total bilirubin; PLR, platelet-to 
-lymphocyte; NLR, neutrophil-to-lymphocyte ratio; PT, prothrombin time; TKIs, tyrosine kinase inhibitors; TACE-TKIs-C, transcatheter arterial chemoembo-
lization with tyrosine kinase inhibitors plus camrelizumab; TACE-TKIs, transcatheter arterial chemoembolization with tyrosine.
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the median OS of TACE-TKIs-C group was not reached and the median OS of TACE-TKIs was 12.0 months (95% CI, 
11.8–14.2 months). However, OS was significantly longer with TACE-TKIs-C (P<0.0001) (Figure 1A). After PSM 
analysis, the median OS in the TACE-TKIs-C group was not reached and in the TACE-TKIs group were 13.0 months 
(95% CI, 11.3–15.9 months) respectively, and the difference between the two groups was significantly different 
(P<0.0001) (Figure 1C). Before PSM analysis, the median PFS was significantly longer with TACE-TKIs-C than TACE- 
TKIs (median, 10.0 months [95% CI, 8.9–11.0 months] vs 6.0 months [95% CI, 5.4–6.6 months], P<0.0001) (Figure 1B). 
After PSM analysis, the median PFS was significantly longer with TACE-TKIs-C than TACE-TKIs (median, 9.0 months 
[95% CI, 7.5–10.4 months] vs 5.0 months [95% CI, 4.3–5.9 months], P<0.0001) (Figure 1D).

Prognostic Factors Affecting OS and PFS
Before PSM analysis, univariate analysis indicated that ECOG, number of tumors, tumor size, and treatment 
were significantly associated with OS. Multivariate Cox analysis showed that ECOG, number of tumors, tumor 
size and treatment were significantly predictive factors for OS of the patients in the two groups (HR=1.057, 95% 
CI, 1.020–1.096, P=0.005; HR=3.342, 95% CI: 2.033–5.495, P<0.001, respectively). Moreover, univariate 
analysis showed that ECOG, Tumor size, PLR, AST, and treatment were associated with PFS. Multivariate 
Cox analysis indicated AST, and treatment were significantly predictive factors (HR=0.537, 95% CI, 0.393– 
0.732, P<0.001). After PSM analysis, multivariate Cox analysis confirmed that TACE-TKIs-C was the protective 
factor of OS and PFS (Table 3 and Table 4).

OS and PFS Subgroup Analysis by the TKIs Type of TACE-TKIs-C Group Before PSM 
Analysis
In the subgroup analysis, median OS of TACE-Apatinib-C was 15.0 months (95% CI, 12.173–17.827 months) and the median 
OS of TACE-Sorafenib-C group and TACE-Lenvatinib-C groups were not reached. The median PFS of TACE-Sorafenib-C, 
TACE-Lenvatinib-C, and TACE-Apatinib-C was 6 months (95% CI, 5.073–6.927 months), 7 months (95% CI, 6.4–7.6 
months), and 5 months (95% CI, 3.749–6.251 months), respectively. There were significant differences in OS and PFS 
between different TKIs types of TACE-TKIs-C group (P=0.012, P=0.0027) (Figure 2A and B).

Safety
Any grade AEs from any cause were reported by 63 patients (90.0%) who received TACE-TKIs-C and by 175 (92.1%) 
who received TACE-TKIs. The common AEs included hypertension, hand-foot skin reaction, elevated TB, and fatigue in 
the TACE-TKIs-C group, as consistent with TACE-TKIs group (Table 5). Grade 3–4 AEs occurred in 28 patients 
(40.0%) with TACE-TKIs-C and in 48 patients (25.3%) with TACE-TKIs, and it occurred more common in patients who 
received TACE-TKIs-C when compared with TACE-TKIs (P=0.02). Grade 5 AEs did not occur among all patients. 

Table 2 Tumor Response in Both Groups

Tumor 
Response

Before PSM P value After PSM P value

TACE-TKIs- 
C(N=70)

TACE-TKIs 
(N=190)

TACE-TKIs-C 
(N=53)

TACE-TKIs 
(N=53)

CR 4/5.7% 0 3/5.7% 0
PR 15/21.4% 19/10.0% 11/20.8% 5/9.4%

SD 35/50.0% 104/54.7% 25/47.2% 31/58.5%

PD 16/22.9 67/35.3% 14/26.4% 17/32.0%
ORR 19/27.1% 19/10.0% 0.001 14/26.4% 5/9.4% 0.023

DCR 54/77.1% 123/64.7% 0.057 39/73.6% 36/67.9% 0.522

Abbreviations: PSM, propensity score matching; Data are presented as n (%); TACE, transcatheter arterial chemoembolization; 
CR, complete response;PR, partial response;SD, stable disease; PD, progressive disease; ORR, objective response rate; DCR, 
disease control rate; TKIs, tyrosine kinase inhibitors; TACE-TKIs-C, transcatheter arterial chemoembolization with tyrosine 
kinase inhibitors plus camrelizumab; TACE-TKIs, transcatheter arterial chemoembolization with tyrosine.
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Furthermore, there was no significant difference between the TACE-TKIs-C group and the TACE+TKIs group in 
embolization-related syndrome.

Discussion
In recent years, the application of ICIs against immune checkpoints, especially PD-1 antibody, is a major breakthrough in the 
treatment of HCC.11,14 The Check Mate-040 and the KEYNOTE-224 trial showed that advanced HCC could benefit from 
nivolumab or pembrolizumab, respectively.10,11 However, these treatments were characterized with low ORR, 20% for 
nivolumab and 16.9% for pembrolizumab. Hence, investigators proposed to combine TKIs with ICIs due to the additional 
immunomodulatory effects of TKIs.16 Based on the remarkable results of the ORR of 27.3% in the IMbrave150 study, 
atezolizumab combined with bevacizumab has been approved by the US FDA for the first-line treatment of patients with 
advanced HCC.15 Thus, the combination of ICIs with TKIs may be the optimal treatment strategy. TACE, as a locoregional 

Figure 1 The Kaplan–Meier (KM) curves for patients with advanced hepatocellular carcinoma who received the treatment of transcatheter arterial chemoembolization with 
tyrosine kinase inhibitors plus camrelizumab (TACE-TKIs-C) or transcatheter arterial chemoembolization with tyrosine kinase inhibitors (TACE-TKIs): (A) the KM curves of 
overall survival time before PSM analysis; (B) the KM curves of time to progression before PSM analysis; (C) the KM curves of overall survival time after PSM analysis; (D) 
the KM curves of time to progression after PSM analysis.
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Table 3 Univariate and Multivariate Analysis of Prognostic Factors for OS Before and After PSM Analysis

Variables Before PSM After PSM

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age 1.009(0.993~1.024) 0.763 1.109(0.999~1.224) 0.856

Gender 0.231 0.770

Male Reference Reference

Female 0.726 (0.430~1.226) 0.862 (0.530~1.152)

ECOG performance 0.001 0.001 0.145

0 Reference Reference Reference

1 1.829(1.304~2.576) 1.748(1.271~2.404) 1.035(0.994~1.176)

Number of tumors 0.015 0.017 0.069 0.517

>3 1.233(1.041~1.461) 1.268(1.046~1.452) 1.033(0.941~1.163) 1.268(1.046~1.452)

≤3 Reference Reference Reference Reference

HBV infection 0.270 0.270

No Reference Reference

Yes 1.231 (0.851~1.781) 1.057 (0.953~1.121)

Child-Pugh class 0.277 0.317

A 0.777(0.493~1.225) 0.857(0.593~1.105)

B Reference Reference

AFP (ng/mL) 0.156 0.833

>400 1.391(1.005~1.926) 1.451(1.021~1.971)

≤400 Reference Reference

Tumor size (cm) 1.060 (1.018~1.102) 0.004 1.057(1.020~1.096) 0.005 0.966 (0.858~1.182) 0.067 1.097(1.013~1.236) 0.095

PLR 1.000 (0.999~1.002) 0.583 1.058 (0.919~1.072) 0.367

NLR 1.010 (0.937~1.090) 0.793 1.216 (1.059~1.405) 0.683

ALT(IU/L) 0.999 (0.994~1.003) 0.499 0.908(0.782~1.181) 0.690

AST (IU/L) 1.000 (0.999~1.002) 0.794 1.007(0.972~1.202) 0.683

Albumin (g/dL) 0.998 (0.964~1.034) 0.915 1.008 (0.901~1.144) 0.686

TB (µmol/L) 1.009 (0.994~1.025) 0.240 1.021 (0.990~1.214) 0.827

PT(s) 1.035 (0.905~1.184) 0.611 1.026 (0.883~1.209) 0.994

Treatment <0.001 <0.001 <0.001 <0.001

TACE-TKIs 4.409(2.301~8.449) 3.342(2.033~5.495) 4.397(2.351~5.856) 4.764(2.162~5.997)

TACE-TKIs-C Reference Reference Reference Reference

Abbreviations: PSM, propensity score matching; HR, hazard ratio; CI, confidence interval; BCLC, Barcelona Clinic Liver Cancer; HBV, hepatitis B; AFP, alpha- 
fetoprotein; ALT, alanine transaminase; AST, aspartate aminotransferase; TKIs, tyrosine kinase inhibitors; TACE-TKIs-C, transcatheter arterial chemoembolization 
with tyrosine kinase inhibitors plus camrelizumab; TACE-TKIs, transcatheter arterial chemoembolization with tyrosine.

Table 4 Univariate and Multivariate Analysis of Prognostic Factors for PFS Before and After PSM Analysis

Variables Before PSM After PSM

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

Age 1.0051(0.988~1.013) 0.916 1.006 (0.988~1.025) 0.519

Gender 0.924 0.429

Male Reference Reference

Female 0.982 (0.672~1.4355) 1.268 (0.704~2.286)

ECOG performance 0.006 0.065 0.771

0 Reference Reference Reference

1 0.695(0.537~0.898) 0.781(0.600~1.016) 0.939(0.616~1.432)

Number of tumors 0.055 0.087 0.490

>3 Reference Reference Reference

≤3 0.770 (0.589~1.006) 0.731(0.554~0.965) 0.851 (0.537~1.346)

(Continued)
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therapy, plays a pivotal role in the treatment of advanced HCC.17 In addition to destroying primary tumors, TACE promotes 
the release of VEGF and promotes antitumor immunity by releasing tumor antigens from dead tumor cells.18,19 The treatment 
of TACE combined with TKIs plus ICIs may obtain a better clinical effect for advanced HCC.

Table 4 (Continued). 

Variables Before PSM After PSM

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value

HBV infection 0.352 0.654

No Reference Reference

Yes 1.071 (0.927~1.237) 0.903 (0.579~1.408)

Child-Pugh class 0.621 0.893

A Reference Reference

B 1.046 (0.741~1.477) 0.981 (0.741~1.298)

AFP (ng/mL) 0.112 0.811

>400 Reference Reference

≤400 0.813 (0.629~1.050) 0.929 (0.614~1.406)

Tumor size (cm) 1.040 (1.011~1.069) 0.007 1.027 (0.995~1.059) 0.099 1.038 (0.993~1.086) 0.100 1.003 (0.950~1.060) 0.903

PLR 1.002 (1.001~1.003) 0.002 1.001 (1.000~1.003) 0.058 1.003 (1.002~1.005) <0.001 1.003 (1.001~1.005) 0.002

NLR 1.040 (0.994~1.088) 0.089 0.990 (0.933~1.049) 0.729 1.120 (1.045~1.201) 0.001 1.055 (0.972~1.145) 0.200

ALT(IU/L) 1.002 (1.000~1.004) 0.065 0.998 (0.996~1.001) 0.235 1.003 (0.998~1.009) 0.203

AST (IU/L) 1.002 (1.001~1.003) <0.001 1.002 (1.000~1.004) 0.038 1.002 (1.000~1.005) 0.065 1.002 (0.999~1.004) 0.240

Albumin (g/dL) 0.986 (0.962~1.012) 0.290 0.993 (0.952~1.035) 0.733

TB (µmol/L) 0.999 (0.988~1.010) 0.876 1.005 (0.981~1.029) 0.702

PT(s) 1.068 (0.966~1.181) 0.201 1.037 (0.879~1.223) 0.669

Treatment <0.001 <0.001 <0.001 <0.001

TACE-TKIs Reference Reference Reference Reference

TACE-TKIs-C 0.519 (0.383~0.702) 0.537 (0.393~0.732) 0.423 (0.278~0.645) 0.390 (0.255~0.597)

Abbreviations: PSM, propensity score matching; HR, hazard ratio; CI, confidence interval; BCLC, Barcelona Clinic Liver Cancer; HBV, hepatitis B; AFP, alpha-fetoprotein; 
ALT, alanine transaminase; AST, aspartate aminotransferase; TKIs, tyrosine kinase inhibitors; TACE-TKIs-C, transcatheter arterial chemoembolization with tyrosine kinase 
inhibitors plus camrelizumab; TACE-TKIs, transcatheter arterial chemoembolization with tyrosine.

Figure 2 The Kaplan–Meier (KM) curves for patients with advanced hepatocellular carcinoma who received the treatment of transcatheter arterial chemoembolization with 
tyrosine kinase inhibitors plus camrelizumab (TACE-TKIs-C): (A) the KM curves of overall survival time for TACE-S-C, TACE-L-C, and TACE-A-C; (B) the KM curves of 
progression-free time TACE-S-C, TACE-L-C, and TACE-A-C. TACE-S-C TACE with sorafenib plus camrelizumab; TACE-L-C TACE with lenvatinib plus camrelizumab; TACE- 
A-C TACE with apatinib plus camrelizumab.
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TKIs including sorafenib, lenvatinib, and apatinib could prolong the OS of advanced HCC, which were recommended 
as first-line or second-line treatment for advanced HCC patients by China Diagnosis, management, and treatment of 
hepatocellular carcinoma (V2019). Previous studies about TACE plus TKIs have not yielded the desired results.7–9 

TACTICS trial reported that TACE plus sorafenib achieved better PFS compared with TACE alone but without survival 
benefits in the later data.6 In this two-center retrospective study, the results showed that the TACE-TKIs-c group had 
significantly better OS and PFS results than the TACE-TKIs group (median OS: NE vs 12.0 months, P<0.0001; median 
PFS 10.0 months vs 6.0 months, P<0.0001), likely reflecting a higher ORR achieved in patients receiving TACE-TKI-C 
rather than TACE-TKI. Multivariate analysis also confirmed that the TACE-TKI-based combination of camrelizumab 
was a significant protective factor for OS and PFS. Similar results were obtained after PSM analysis. As reported by 
IMbrave150 trial, the median PFS of atezolizumab–bevacizumab group was 6.8 months, which was lower than that of 
patients with TACE-TKIs-C group in our study. The benefits of OS and PFS in our study over IMbrave150 trial may be 
due to the role of TACE. Although the PFS of TACE plus sorafenib reported by TACTICS trial was up to 25.2 months, 
which was much higher over that of TACE-TKIs-C group in our study, the new intrahepatic lesions were not regarded as 
PD in the TACTICS trial.6 These results indicated that the triple combination treatment of TACE-TKIs-C might be 
a superior treatment option in advanced HCC patients.

There were several trials which reported combinations of TKIs and ICIs including apatinib plus camrelizumab, 
lenvatinib plus camrelizumab and sorafenib plus camrelizumab, but with totally different OS.20–22 Thus, different types 
of TKIs may have different influence on efficacy when combined with camrelizumab. In the present study, three different 
TKIs were used for the treatment of patients in TACE-TKIs-C group. To determine the impact of TKIs types on efficacy 
of TACE-TKIs-C group, we evaluated the OS and PFS of TACE-sorafenib-camrelizumab, TACE-lenvatinib- 
camrelizumab, and TACE-apatinib-camrelizumab by Kaplan–Meier analysis and log rank test. TACE-lenvatinib- 
camrelizumab group had longer median OS and median PFS, which indicated that different TKIs may affect efficacy 
and exploring different combinations of TACE-TKIs-camrelizumab is promising. In our study, the dosage and cycle of 
TKIs were different, which may affect treatment efficacy. However, it still remains meaningful in clinical practice 
because TKIs were given as the drug directions in our study.

Table 5 Adverse Events (>10%) from Any Cause Before PSM

Adverse Events TACE-TKIs-C(N=70) TACE-TKIs (N=190)

All Grades  
N (%)

Grade 3/4  
N (%)

All Grades  
N (%)

Grade 3/4  
N (%)

Decreased albumin 16/22.8% 0 39/20.5% 0
Hypertension 25/35.7% 10/14.3% 52/27.4% 21/11.1%

Decreased PLT 16/22.8% 0 32/16.8% 0

Bleeding (gingiva) 15/21.4% 0 28/14.7% 0
Elevated TB 22/31.4% 2/2.3% 69/36.3% 13/6.8%

Diarrhea 14/20.0% 0 29/15.3% 0

Fatigue 20/28.6% 4/4.6% 45/23.7% 8/4.2%
Dysphonia 14/20.0% 1/1.4% 23/12.1% 0

Hand-foot skin reaction 22/31.4% 0 89/46.8% 5/2.5%

Elevated creatinine 7/10.0% 0 24/12.6% 0
Prolonged PT 8/11.4% 0 19/10.0% 1/0.5%

Albuminuria/Proteinuria 12/17.1% 0 23/12.1% 0

Decreased appetite 8/11.4% 0 27/14.2% 0
Joint pain 14/20.0% 1/1.4% 28/14.7% 0

Edema 13/18.6% 0 25/13.2% 1/0.5%

Constipation 10/14.3% 0 28/14.7% 0

Abbreviations: TACE, transcatheter arterial chemoembolization; PLT, platelet; AST, aspartate transaminase; GGT, 
γ-glutamyl transpeptidase; ALT, alanine aminotransferase; TB, total bilirubin; PT, prothrombin time; TACE-TKIs-C, 
transcatheter arterial chemoembolization with tyrosine kinase inhibitors plus camrelizumab; TACE-TKIs, transcath-
eter arterial chemoembolization with tyrosine kinase inhibitors.
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Similar to other studies, the most common AEs were hypertension, hand-foot skin reaction, elevated TB, and fatigue 
in the TACE-TKIs-C group, which were easily to be controlled.11–15 Although the incidence of Grade 3–4 AEs of TACE- 
TKIs-C was much higher than that of TACE-TKIs, these AEs including hypertension, fatigue, and elevated TB were 
significantly improved after symptomatic treatment. No grade 5 AEs were observed in both groups. Thus, these results 
indicated that the treatment of TACE with TKIs plus camrelizumab for advanced HCC was effective and safe.

The two-centre retrospective study has several limitations. First, due to the nature of the retrospective study, the 
patient’s background may influence the choice of treatment. Second, due to the short follow-up time, the median OS was 
not reached in the TACE-TKIs-C group. Third, although this study included data from two centers, the sample size was 
too small. More convincing prospective, large-scale randomized controlled trials are needed to confirm the efficacy of 
TACE combined with TKIs plus camrelizumab.

Conclusions
In patients with advanced HCC, TACE-TKIs-C may improve overall and progression-free survival outcomes over 
TACE-TKIs with manageable safety profile and different types of TKIs may influence the efficacy.

Abbreviations
HCC, Hepatocellular carcinoma; AFP, Alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer; CR, Complete 
response; CT, Computed tomography; EASL, European Association for the Study of the Liver; MR, Magnetic resonance; 
mRECIST, modified Response Evaluation Criteria in Solid Tumors; OS, Overall survival; PFS, Progression-free survival; 
PR, Partial response; SD, Stable disease; PD, Progressive disease; PD-1, Programmed death-1; CTLA-4, Cytotoxic 
T-lymphocyte-associated protein-4; TACE, Transarterial chemoembolization; AEs, Adverse events.
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