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Purpose: To compare the efficacy and safety of transarterial chemoembolization (TACE) plus donafenib with immune checkpoint 
inhibitors (ICIs) (T+D+I) versus TACE plus donafenib (T+D) as the first-line treatment for patients with unresectable hepatocellular 
carcinoma (HCC).
Methods: This retrospective study included patients with unresectable HCC who received T+D+I or T+D between June 2021 and 
February 2023. The tumor response was analyzed according to the modified Response Evaluation Criteria in Solid Tumors. The 
objective response rate (ORR), disease control rate (DCR), progression-free survival (PFS), overall survival (OS), and treatment- 
related adverse events (TRAEs) in the two groups were compared before and after propensity score matching (PSM). Cox’s 
proportional-hazards regression model was used to analyze factors affecting PFS and OS.
Results: This study included 69 patients: 41 patients in the T+D group and 28 patients in the T+D+I group. After PSM, 26 patients in 
each group were analyzed. Patients in the T+D+I group had a higher DCR (96.2% vs 73.1%, P = 0.021), longer median PFS (13.1 vs 
7.2 months, P = 0.017), and longer median OS (23.1 vs 14.7 months, P = 0.021) than those in the T+D group. The ORR in the two 
groups was similar (53.8% vs 50.0%, P = 0.781). Multivariate analyses revealed that T+D+I treatment and total bilirubin levels of <20 
μmol/L were independent prognostic factors for long PFS. T+D+I treatment, Child–Pugh class A, and single-lobe tumor distribution 
were independent prognostic factors for long OS. The incidence of TRAEs in the two groups was similar (P > 0.05).
Conclusion: In comparison with TACE plus donafenib, TACE plus donafenib with ICIs could significantly improve DCR, PFS, and 
OS as a potential first-line treatment for unresectable HCC with an acceptable safety profile.
Keywords: unresectable hepatocellular carcinoma, transarterial chemoembolization, donafenib, immune checkpoint inhibitor, 
combined therapy

Introduction
Primary liver cancer is the sixth most common cancer and the third most common cause of cancer-related death 
worldwide.1 China accounts for more than 50% of new liver cancer cases and deaths caused by liver cancer 
globally.1,2 Hepatocellular carcinoma (HCC) represents 75–85% of cases of liver cancer.3
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Molecular targeted therapies and immunotherapies are the standard treatments for advanced HCC in first-line 
settings.4 Sorafenib was the first molecular targeted agent approved for the treatment of unresectable HCC and remains 
the standard first-line therapy.3,5 Donafenib is a modified form of sorafenib with enhanced molecular stability and 
improved pharmacokinetics.5 Donafenib is a novel oral small-molecule multikinase inhibitor that inhibits multiple- 
receptor tyrosine kinases, such as vascular endothelial growth factor (VEGF) receptor and platelet-derived growth factor 
(PDGF) receptor, and various Raf kinases and thereby suppresses tumor cell proliferation and angiogenesis.5 Donafenib 
is a first-line treatment that was approved for unresectable or metastatic HCC as a result of the ZGDH3 trial and can 
improve overall survival (OS) in comparison with sorafenib.6

The IMbrave150 and ORIENT-32 studies demonstrated that combinations of antiangiogenic drugs and immune check-
point inhibitors (ICIs) as first-line treatments for unresectable HCC provided a better survival benefit in terms of progression- 
free survival (PFS) and OS in comparison with sorafenib.7,8 ICIs in combination with antiangiogenic drugs alter the tumor 
endothelium to enhance drug penetration and immune cell infiltration, which has shown promising prospects.9,10

Transarterial chemoembolization (TACE) is recommended as a first-line treatment for patients with intermediate- 
stage HCC, while it is also widely used in unresectable HCC.4,11,12 TACE can induce immunogenic death of tumor cells, 
which results in the initiation of immune responses by antigen presentation.9,13 However, TACE may also promote tumor 
angiogenesis by upregulating PDGF and VEGF to induce tumor metastasis/recurrence.14 Therefore, we hypothesized that 
TACE plus donafenib with ICIs might improve treatment outcomes in patients with unresectable HCC. In this study, we 
compared the efficacy and safety of the TACE plus donafenib with ICIs (T+D+I) regimen with those of the TACE plus 
donafenib (T+D) regimen as the first-line treatment for unresectable HCC.

Materials and Methods
Patients’ Selection
This retrospective study was performed in compliance with the Declaration of Helsinki and was approved by the Ethics 
Committee of the Sichuan Cancer Hospital. The participants provided their written informed consent to participate in this 
study. The diagnosis of HCC was confirmed according to the guidelines3,11 or histological confirmation between 
June 2021 and February 2023.

The inclusion criteria were: 1) patients received TACE plus donafenib or TACE plus donafenib with ICIs as the first-line 
treatment; 2) Eastern Cooperative Oncology Group performance status (ECOG PS) score of 0 or 1; 3) age of ≥18 years; 4) Child– 
Pugh class A or B; 5) Barcelona Clinic Liver Cancer (BCLC) stage B or C; and 6) patients had ≥1 measurable lesion. The 
exclusion criteria were: 1) patients with histories of HCC-related treatment such as surgery, ablation, TACE, radiotherapy, or 
systemic therapies; 2) ECOG PS score of >1 or Child–Pugh class C; 3) patients with coagulation disorders; 4) patients with other 
malignancies; and 5) incomplete data.

Data Collection
Patients’ baseline characteristics were recorded within 7 days before the first treatment. Clinical, laboratory, and 
radiological data were collected from medical record systems. These included age, gender, ECOG PS score, BCLC 
stage, hepatitis B surface antigen status, Child–Pugh class, alpha-fetoprotein level, tumor distribution, tumor size, tumor 
number, vascular invasion, extrahepatic metastasis, and hematological and biochemical indices.

Treatment
TACE Procedure
Hepatic arterial angiography was performed with a 5 Fr RH catheter to determine the location, number, size, and blood 
supply of the target tumors. Subsequently, a microcatheter was inserted into the feeding artery of the tumors.

Conventional TACE was performed by intra-arterial injection of 40–60 mg epirubicin (Pharmorubicin; Pfizer, Wuxi, China) 
mixed with 5–15 mL lipiodol (Jiangsu Hengrui Medicine Co., Ltd, Lianyungang, China). When needed, an embosphere (100–300 
μm or 300–500 μm) was used for further embolization to achieve stasis.
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Drug-eluting bead TACE was performed using CalliSpheres beads (Jiangsu Hengrui Medicine Co., Ltd, Lianyungang, China) 
(100–300 μm) loaded with doxorubicin (40–60 mg). CalliSpheres beads and a nonionic contrast agent were mixed in a ratio of 1:1 
and injected at a speed of 1 mL/min. The injection was completed when contrast agent stasis was achieved.

TACE was repeated “on demand” according to the result of discussion in our multidisciplinary team (MDT), which 
depended on evidence of viable tumors or intrahepatic recurrence revealed by contrast-enhanced computed tomography 
(CT) or magnetic resonance imaging (MRI).

Administration of Donafenib and ICIs
Oral donafenib (200 mg) was administered twice a day and was discontinued for 2 days before and after the TACE treatment 
session. Intravenous administration of 200 mg camrelizumab (Hengrui Medical, Lianyungang, China) or sintilimab (Innovent 
Biologics Co., Ltd, Suzhou, China) was conducted every 3 weeks. Under the guidance of the manufacturers’ instructions, the 
administration of donafenib and ICIs was reduced or discontinued according to the severity of toxic side effects.

Follow-Up
All patients were regularly followed up at intervals of 4–6 weeks after the first treatment. The results of the follow-up 
(CT or MR images and laboratory test results) were evaluated by our MDT to determine the status of tumor lesions 
(presence or absence of tumor progression). The last follow-up was carried out on May 31, 2023.

Evaluation of Treatment Response
Tumor responses were evaluated by two radiologists with more than 10 years’ experience using the modified Response Evaluation 
Criteria in Solid Tumors.15 The objective response rate (ORR) and disease control rate (DCR) were assessed. Treatment-related 
adverse events (TRAEs) were assessed using the Common Terminology Criteria for Adverse Events (version 5.0).

PFS was defined as the time from the first day of inpatient treatment to disease progression or death from any cause, whichever 
occurred first. OS was defined as the time from the first day of inpatient treatment to the time of death or the follow-up deadline.

Statistical Analysis
Statistical analysis was carried out using SPSS 25.0 software (IBM, Armonk, NY, USA). To address potential imbalances in 
confounders between the two groups, propensity score matching (PSM) analysis was performed using the one-to-one nearest- 
neighbor method without replacement with a caliper width of 0.03. The propensity score model employed the following variables: 
age, sex, and Child–Pugh class. Before and after PSM, quantitative data were presented as the mean ± standard deviation, 
frequency, or median with a 95% confidence interval (CI). The continuity correction and independent-samples t-test, Mann– 
Whitney U-test, chi-squared test, and Fisher’s exact test were used to determine significant differences in categorical variables 
between the two groups. Survival curves for PFS and OS were analyzed by the Kaplan–Meier method using the Log rank test. 
Univariate and multivariate analyses used Cox’s proportional-hazards regression model to determine the prognostic factors. All 
statistically significant (P < 0.1) factors identified by the univariate analysis were entered into a Cox’s proportional-hazards 
regression model to identify independent predictors. A two-sided significance level of P < 0.05 was considered to be statistically 
significant.

Results
Patients’ Characteristics
A total of 69 patients with HCC at BCLC B or C stage were included in this study: 41 patients in the T+D group and 28 patients in 
the T+D+I group (Figure 1). Following PSM, 52 patients in the two groups (n = 26 in each group) were analyzed (Figure 1). In the 
T+D+I group, 16 patients received sintilimab and 12 patients received camrelizumab. The baseline characteristics of the two 
groups before and after PSM were similar (P > 0.05) (Table 1). The subsequent treatments, 4 patients received surgical resection 
and 1 patient received radiofrequency ablation in the T+D+I group; and 2 patients received surgical resection in the T+D group.
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Treatment Outcomes
Tumor Response Evaluation
In this study, no patient achieved a complete response. The DCR was higher in the T+D+I group than in the T+D group 
both before PSM (96.4% vs 75.6%, P = 0.020) and after PSM (96.2% vs 73.1%, P = 0.021) (Table 2). The ORR in the 
two groups was similar before PSM (53.6% vs 43.9%, P = 0.430) and after PSM (53.8% vs 50.0%, P = 0.781) (Table 2).

Survival Analysis
The median follow-up time in this study was 11.6 months (95% CI 9.3–14.0). During the follow-up, 41.5% (17/41) 
patients in the T+D group and 25.0% (7/28) patients in the T+D+I group died.

Figure 1 Patient flow chart. 
Abbreviations: HCC, hepatocellular carcinoma; TACE, transarterial chemoembolization; ICIs, immune checkpoint inhibitors; BCLC, Barcelona Clinic Liver Cancer.

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

Characteristics Before PSM After PSM

T+D (n=41) T+D+I (n=28) P value T+D (n=26) T+D+I (n=26) P value

Age (years) 57.6 ± 9.1 55.4 ± 11.7 0.385 56.8 ± 9.8 54.8 ± 11.1 0.503

< 55 15 (36.6) 15 (53.6) 12 (46.2) 14 (53.8)
≥ 55 26 (63.4) 13 (46.4) 14 (53.8) 12 (46.2)

Sex 0.228 >0.999

Male 35 (85.4) 27 (96.4) 25 (96.2) 25 (96.2)
Female 6 (14.6) 1 (3.6) 1 (3.8) 1 (3.8)

ECOG PS 0.344 0.188

0 9 (22.0) 9 (32.1) 4 (15.4) 8 (30.8)
1 32 (78.0) 19 (67.9) 22 (84.6) 18 (69.2)

BCLC stage 0.729 0.768

B 13 (31.7) 10 (35.7) 8 (30.8) 9 (34.6)
C 28 (68.3) 18 (64.3) 18 (69.2) 17 (65.4)

(Continued)
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Before PSM, the median PFS in the T+D+I group (13.2 months [95% CI 7.0–19.2]) was longer than that in the T+D 
group (7.0 months [95% CI 3.7–10.3]; P = 0.014) (Figure 2A). The median OS was longer in the T+D+I group (23.1 
months [95% CI 14.2–32.0]) than in the T+D group (14.7 months [95% CI 6.6–22.8]; P = 0.010) (Figure 2B). In T+D+I 
group, the median PFS (9.6 months [95% CI 3.2–16.0] vs 13.1 months [95% CI 7.7–18.5], P = 0.751) and OS (23.1 
months vs not reached, P = 0.435) were similar for patients received camrelizumab and sintilimab, respectively.

Table 1 (Continued). 

Characteristics Before PSM After PSM

T+D (n=41) T+D+I (n=28) P value T+D (n=26) T+D+I (n=26) P value

HBsAg 0.386 0.720

Positive 30 (73.2) 23 (82.1) 22 (84.7) 21 (80.8)
Negative 11 (26.8) 5 (17.9) 4 (15.3) 5 (19.2)

Child-Pugh class 0.424 >0.999

A 32 (78.0) 24 (85.7) 23 (88.5) 23 (88.5)
B 9 (22.0) 4 (14.3) 3 (11.5) 3 (11.5)

ALBI grade 0.682 >0.999

1 6 (14.6) 6 (21.4) 5 (19.2) 5 (19.2)
2 33 (80.5) 20 (71.4) 20 (76.9) 20 (76.9)

3 2 (4.9) 2 (7.1) 1 (3.8) 1 (3.8)

AFP(ng/mL) 0.683 0.780
< 400 24 (58.5) 15 (53.6) 15 (57.7) 14 (53.8)

≥ 400 17 (41.5) 13 (46.4) 11 (42.3) 12 (46.2)

TBil (μmol/L) 18.0 ± 10.1 17.7 ± 8.9 0.899 16.1 ± 6.5 17.4 ± 8.9 0.539
Albumin (g/dL) 35.0 ± 3.8 36.2 ± 4.5 0.275 35.7 ± 3.5 36.3 ± 3.9 0.594

ALT (U/L) 61.4 ± 45.5 70.6 ± 70.8 0.510 61.8 ± 38.7 64.2 ± 58.3 0.863

AST (U/L) 90.7 ± 68.2 73.4 ± 55.9 0.271 78.4 ± 45.4 67.6 ± 41.9 0.376
Tumor size (cm) 8.7 ± 4.4 9.6 ± 3.5 0.379 8.1 ± 3.9 9.8 ± 3.5 0.397

< 10 25 (61.0) 16 (57.1) 17 (65.4) 14 (53.8)

≥ 10 16 (39.0) 12 (42.9) 9 (34.6) 12 (46.2)
Tumor distribution 0.187 0.375

Single lobe 10 (24.4) 11 (39.3) 7 (26.9) 10 (38.5)

Multiple lobes 31 (75.6) 17 (60.7) 19 (73.1) 16 (61.5)
Tumor number 0.380 0.397

≤ 3 19 (46.3) 10 (35.7) 12 (46.2) 9 (34.6)

> 3 22 (53.7) 18 (64.3) 14 (53.8) 17 (65.4)
Vascular invasion 0.921 >0.999

Yes 21 (51.2) 14 (50.0) 13 (50.0) 13 (50.0)

No 20 (48.8) 14 (50.0) 13 (50.0) 13 (50.0)
EHS 0.559 0.773

Yes 16 (39.0) 9 (32.1) 10 (38.5) 9 (34.6)

No 25 (61.0) 19 (67.9) 16 (61.5) 17 (65.4)\
TACE type 0.698 0.337

cTACE 31 (75.6) 20 (71.4) 21 (80.8) 18 (69.2)

DEB-TACE 10 (24.4) 8 (28.6) 5 (19.2) 8 (30.8)
Number of TACE 0.683 0.402

≤ 2 24 (58.5) 15 (53.6) 16 (61.5) 13 (50.0)

>2 17 (41.5) 13 (46.4) 10 (38.5) 13 (50.0)

Note: Data were mean ± standard deviation or number (percent). 
Abbreviations: PSM, propensity score matching; T+D, transarterial chemoembolization plus donafenib; T+D+I, transarterial chemoembolization plus donafenib with 
immune checkpoint inhibitors; ECOG PS, Eastern Cooperative Oncology Group performance status; BCLC, Barcelona Clinic Liver Cancer; HBsAg, hepatitis 
B surface antigen; ALBI, albumin-bilirubin; AFP, alpha-fetoprotein; ALT, alanine transaminase; TBil, total bilirubin; AST, aspartate aminotransferase; EHS, extrahepatic 
metastasis; TACE, transarterial chemoembolization.
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After PSM, the median PFS in the T+D+I group (13.1 months [95% CI 6.6–19.6]) was longer than that in the T+D 
group (7.2 months [95% CI 2.0–12.4]; P = 0.017) (Figure 3A). The median OS was longer in the T+D+I group (23.1 
months [95% CI 14.2–32.0]) than in the T+D group (14.7 months [95% CI 10.6–18.8]; P = 0.021) (Figure 3B).

Table 2 Summary of Response Rates Before and After PSM

All Response, n(%) Before PSM After PSM

T+D (n=41) T+D+I (n=28) P value T+D (n=26) T+D+I (n=26) P value

CR 0 (0) 0 (0) >0.999 0 (0) 0 (0) >0.999

PR 18 (43.9) 15 (53.6) 0.430 13 (50.0) 14 (53.8) 0.781
SD 13 (31.70) 12 (42.9) 0.344 6 (23.1) 11 (42.3) 0.139

PD 10 (24.4) 1 (3.6) 0.020 7 (26.9) 1 (3.8) 0.021

ORR 18 (43.9) 15 (53.6) 0.430 13 (50.0) 14 (53.8) 0.781
DCR 31 (75.6) 27 (96.4) 0.020 19 (73.1) 25 (96.2) 0.021

Abbreviations: PSM, propensity score matching; T+D, transarterial chemoembolization plus donafenib; T+D+I, transarterial chemoembolization plus 
donafenib with immune checkpoint inhibitors; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; ORR, objective 
response rate; DCR, disease control rate.

Figure 2 Kaplan-Meier analyses of progression-free survival (A) and overall survival (B) according to two groups before PSM. 
Abbreviations: T+D, transarterial chemoembolization plus donafenib; T+D+I, transarterial chemoembolization plus donafenib with immune checkpoint inhibitors; PSM, 
propensity score matching.

Figure 3 Kaplan-Meier analyses of progression-free survival (A) and overall survival (B) according to two groups after PSM. 
Abbreviations: T+D, transarterial chemoembolization plus donafenib; T+D+I, transarterial chemoembolization plus donafenib with immune checkpoint inhibitors; PSM, 
propensity score matching.
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Analysis of Prognostic Factors
The results of univariate and multivariate analyses of the matched cohorts were shown in Table 3. Cox’s proportional- 
hazards model showed that total bilirubin (≥20 vs <20 μmol/L) (hazard ratio [HR] = 2.73 [95% CI 1.20–6.20]; P = 0.017) 
and treatment option (T+D+I vs T+D) (HR = 0.32 [95% CI 0.14–0.74]; P = 0.008) were independent prognostic factors 
for PFS (Table 3).

Multivariate analysis showed that tumor distribution (single lobe vs multiple lobes) (HR = 0.15 [95% CI 0.03–0.66]; 
P = 0.012), Child–Pugh class (B vs A) (HR = 4.95 [95% CI 1.25–19.63]; P = 0.023), and treatment option (T+D+I vs T 
+D) (HR = 0.32 [95% CI 0.11–0.93]; P = 0.037) were independent prognostic factors for OS (Table 3).

Table 3 Univariate and Multivariate Predictors of Progression-Free Survival and Overall Survival After PSM

Variables PFS OS

Univariate Analysis Multivariate Analysis Univariate Analysis Multivariate Analysis

HR 95% CI P HR 95% CI P HR 95% CI P HR 95% CI P

Age (years)

≥55/ <55 1.20 0.56–2.57 0.641 1.23 0.47–3.26 0.671

Sex

Female/Male 1.34 0.18–10.13 0.776 2.93 0.36–23.54 0.312

ECOG PS

1/0 1.02 0.43–2.42 0.967 3.29 0.75–14.49 0.115

BCLC stage

C/B 1.09 0.49–2.43 0.836 1.95 0.64–5.94 0.242.

HBsAg

Yes/No 2.09 0.71–6.18 0.181 2.01 0.56–7.13 0.282

Child-Pugh class

B/A 1.66 0.57–4.87 0.352 4.20 1.34–13.15 0.014 4.95 1.25–19.63 0.023

AFP (ng/mL)

≥400/<400 1.09 0.50–2.37 0.835 1.56 0.61–3.96 0.352

TBil (μmol/L)

≥20/<20 2.18 0.99–4.79 0.052 2.73 1.20–6.20 0.017 2.16 0.82–5.67 0.118

Albumin (g/dL)

≥35/<35 0.74 0.34–1.59 0.437 0.65 0.25–1.71 0.384

ALT (U/L)

≥35/<35 0.79 0.36–1.73 0.552 0.70 0.27–1.86 0.478

AST (U/L)

≥40/<40 1.67 0.67–4.17 0.268 1.89 0.62–5.81 0.265

Tumor size (cm)

≥10/< 10 1.50 0.70–3.22 0.297 1.64 0.63–4.29 0.311

Tumor distribution

Single lobe/Multiple lobes 0.69 0.31–1.55 0.368 0.14 0.03–0.60 0.008 0.15 0.03–0.66 0.012

Tumor number

>3/≤ 3 1.42 0.63–3.20 0.395 1.68 0.59–4.79 0.331

Vascular invasion

Yes/No 1.25 0.59–2.68 0.563 1.15 0.45–2.91 0.774

EHS

Yes/No 1.42 0.66–3.07 0.372 2.35 0.90–6.17 0.082 1.13 0.41–3.06 0.816

TACE type

DEB-TACE/cTACE 1.08 0.43–3.70 0.866 1.38 0.40–4.84 0.611

Number of TACE

>2/≤ 2 0.64 0.30–1.39 0.261 0.44 0.16–1.16 0.097 0.59 0.20–1.79 0.351

Treatment

T+D+I/T+D 0.39 0.18–0.87 0.021 0.32 0.14–0.74 0.008 0.32 0.11–0.89 0.029 0.32 0.11–0.93 0.037

Abbreviations: PSM, propensity score matching; PFS, Progression-Free Survival; OS, overall Survival; ECOG PS, Eastern Cooperative Oncology Group performance status; 
BCLC, Barcelona Clinic Liver Cancer; HBsAg, hepatitis B surface antigen; AFP, alpha-fetoprotein; TBil, total bilirubin; ALT, alanine transaminase; AST, aspartate 
aminotransferase; EHS, extrahepatic metastasis; TACE, transarterial chemoembolization; DEB-TACE, drug-eluting beads transarterial chemoembolization; cTACE, conven-
tional transarterial chemoembolization; T+D, transarterial chemoembolization plus donafenib; T+D+I, transarterial chemoembolization plus donafenib with immune 
checkpoint inhibitors.
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Safety
To assess differences in safety between the two groups before PSM, TRAEs were shown in Table 4. The incidence of 
TRAEs in the T+D+I group and the T+D group was similar (any grade: 89.3% vs 87.8%, P = 0.850). In the T+D+I 
group, 4 (14.3%) patients experienced hypothyroidism (grade 1/2), and 3 (10.7%) patients experienced reactive 
cutaneous capillary endothelial proliferation (grade 1/2); no patient experienced those symptoms in the T+D group 
(P < 0.05 for both events) (Table 4). No treatment-related mortality was observed, and no TRAE of higher than grade 4 
occurred in the two groups. All TRAEs were relieved after symptomatic treatment or discontinuation of treatment.

Discussion
This study showed that the T+D+I group had a higher DCR (96.2% vs 73.1%, P = 0.021) and a longer median PFS (13.1 
vs 7.2 months, P = 0.017) than the T+D group. T+D+I treatment conferred a significant survival benefit in comparison 
with T+D treatment (median OS: 23.1 vs 14.7 months, P = 0.021). Furthermore, multivariate analyses showed that T+D 
+I treatment was an independent predictor for prolonged PFS and OS. Thus, our results showed that T+D+I was more 
effective than T+D as the first-line treatment for unresectable HCC.

In Phase II–III trial,6 patients with HCC at BCLC B or C stage who received donafenib alone had a median PFS and 
OS of 3.7 and 12.1 months, respectively. These were shorter than the PFS and OS in the T+D group in this study (7.2 and 
14.7 months, respectively). In the LAUNCH study,16 patients with HCC at BCLC B or C stage who received TACE in 
combination with lenvatinib had a longer median PFS (10.6 vs 6.4 months, P < 0.001) and median OS (17.8 vs 11.5 
months, P < 0.001) than those who received lenvatinib alone. Thus, TACE in combination with a molecular targeted 
therapy exhibited a synergistic effect.

In the CHANCE001 study,17 patients with HCC at BCLC B or C stage who received TACE with programmed death 
(ligand)-1 (PD-[L]1) inhibitors plus molecular targeted therapies had a median PFS (9.5 vs 13.1 months) and a median 
OS (19.2 vs 23.1 months) that were shorter than those in the T+D+I group in this study. The reasons could be 
summarized as follows: 1) The CHANCE001 study was a multicenter study, and this study was a single study; 2) The 
CHANCE001 study used several molecular targeted therapies (tyrosine kinase inhibitors or anti-VEGF agents) (sorafe-
nib, lenvatinib, donafenib, regorafenib, apatinib, anlotinib, and bevacizumab), and in this study patients only received 
donafenib; 3) The CHANCE001 study used several PD-(L)1 inhibitors (atezolizumab, pembrolizumab, nivolumab, 

Table 4 Treatment-Related Adverse Events

Events, n(%) T+D (N=41) T+D+I (N=28) P value

Any Grade Grade 1/2 Grade 3/4 Any Grade Grade 1/2 Grade 3/4 Any Grade Grade 1/2 Grade 3/4

Any TRAE 36 (87.8) 34 (82.9) 3 (7.3) 25 (89.3) 24 (85.7) 3 (10.7) 0.850 0.756 0.623

Pain 6 (14.6) 6 (14.6) 0 (0.0) 5 (17.9) 4 (14.3) 1 (3.6) 0.720 0.968 0.223

Diarrhea 5 (12.2) 5 (12.2) 0 (0.0) 4 (14.3) 4 (14.3) 0 (0.0) 0.800 0.800 –

Fever 4 (9.8) 4 (9.8) 0 (0.0) 3 (10.7) 3 (10.7) 0 (0.0) 0.897 0.897 –

Increased ALT 5 (12.2) 3 (7.3) 2 (4.9) 4 (14.3) 3 (10.7) 1 (3.6) 0.800 0.623 0.794

Increased AST 6 (14.6) 5 (12.2) 1 (2.4) 5 (17.9) 5 (17.9) 0 (0.0) 0.720 0.512 0.405

Increased blood bilirubin 4 (9.8) 4 (9.8) 0 (0.0) 3 (10.7) 2 (7.1) 1 (3.6) 0.705 0.623 0.783

Leukopenia 4 (9.8) 4 (9.8) 0 (0.0) 3 (10.7) 3 (10.7) 0 (0.0) 0.897 0.897 –

Hypothyroidism 0 (0.0) 0 (0.0) 0 (0.0) 4 (14.3) 4 (14.3) 0 (0.0) 0.013 0.013 –

Gastrointestinal hemorrhage 1 (2.4) 1 (2.4) 0 (0.0) 1 (3.6) 1 (3.6) 0 (0.0) 0.783 0.783 –

Nausea 3 (7.3) 3 (7.3) 0 (0.0) 4 (14.3) 4 (14.3) 0 (0.0) 0.346 0.346 –

Fatigue 5 (12.2) 5 (12.2) 0 (0.0) 2 (7.1) 2 (7.1) 0 (0.0) 0.495 0.340 –

Hypertension 6 (14.6) 5 (12.2) 1 (2.4) 5 (17.9) 5 (17.9) 0 (0.0) 0.720 0.512 0.405

Proteinuria 1 (2.4) 1 (2.4) 0 (0.0) 1 (3.6) 1 (3.6) 0 (0.0) 0.783 0.783 –

Hand and foot syndrome 3 (7.3) 3 (7.3) 0 (0.0) 3 (10.7) 3 (10.7) 0 (0.0) 0.623 0.623 –

RCCEP 0 (0.0) 0 (0.0) 0 (0.0) 3 (10.7) 3 (10.7) 0 (0.0) 0.032 0.032 –

Note: Data were presented as number (percent). 
Abbreviations: TRAEs, Treatment-Related Adverse Events; T+D, transarterial chemoembolization plus donafenib; T+D+I, transarterial chemoembolization plus donafenib 
with immune checkpoint inhibitors; ALT, alanine transaminase; AST, aspartate aminotransferase; RCCEP, reactive cutaneous capillary endothelial proliferation.
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camrelizumab, sintilimab, tislelizumab, and toripalimab), and this study used only two PD-1 inhibitors (camrelizumab 
and sintilimab); 4) In the CHANCE001 study, 32.5% of the patients had a history of HCC-related treatment, and no 
patient had a history of HCC-related treatment in this study.

The improved efficacy and outcomes among patients receiving T+D+I in this study may also have been due to synergistic 
effects of TACE plus donafenib with ICIs. Firstly, TACE leads to intrahepatic tumor necrosis, which elicits an anticancer 
immune response that may be further boosted with ICIs.18,19 TACE can also stimulate the cytokine spectrum and increase 
levels of CD4+ and CD8+ T cells among peripheral blood mononuclear cells in HCC patients while reducing the population of 
T reg cells.20 Secondly, donafenib can inhibit PDGF receptor and VEGF receptor and also block the Raf/MEK/ERK signaling 
pathway, and it can thus achieve vascular normalization.21 Thirdly, VEGF is a key regulatory factor in tumor angiogenesis that 
can directly influence immune cells and facilitate immune evasion and indirectly influence immunity by increasing vessel 
permeability.22 Targeting VEGF can restore antitumor activity and enhance the efficacy of ICIs.22

The incidence of TRAEs in the T+D+I group and the T+D group was similar (any grade: 89.3% vs 87.8%, P = 
0.850). These TRAEs were manageable, and no fatal TRAE was found. The incidence rate of TRAEs was consistent with 
those reported in previous studies.6,23,24 These results suggested that T+D+I treatment did not increase the risk of TRAEs 
with respect to T+D treatment.

There were several limitations in this study. Firstly, this study was a retrospective analysis and thus might have been subject 
to selection bias, and the PSM model was used to eliminate the effects of confounding factors. Secondly, no subgroup analysis 
was performed because of the small sample size. Thirdly, donafenib and the ICIs used in this study are recommended for HCC 
in Chinese guidelines. A randomized clinical trial is required to validate the findings from this study.

In conclusion, in comparison with TACE plus donafenib, TACE plus donafenib with ICIs showed significantly better 
DCR, PFS, and OS as a potential first-line treatment for unresectable HCC with an acceptable safety profile.
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