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Background: The combination of tyrosine kinase inhibitors (TKIs) and anti-PD-1 antibodies with hepatic arterial infusion 
chemotherapy (HAIC) or transarterial chemoembolization (TACE) has shown encouraging anti-tumor effects in the treatment of 
hepatocellular carcinoma (HCC). We explored the efficacy and safety of TKIs and anti-PD-1 antibodies combined with HAIC or 
TACE in HCC.
Methods: Data from 302 HCC patients receiving HAIC combined with TKIs and anti-PD-1 antibodies (HAIC-TP group) and 446 
HCC patients receiving TACE combined with TKIs and anti-PD-1 antibodies (TACE-TP group) were retrospectively collected. 
Clinicopathological characteristics, tumor response, progression-free survival (PFS), overall survival (OS), and adverse events (AEs) 
were compared between two groups. Propensity score matching (PSM) analysis was performed to minimize bias.
Results: The HAIC-TP group exhibited better objective response rate (RECIST: 33.1% versus 7.8%, P < 0.001; mRECIST: 51.4% 
versus 17.5%, P < 0.001), longer PFS (12.4 months versus 8.2 months, P < 0.001), and longer OS (not reached versus 13.8 months, 
P < 0.001) than TACE-TP group. Surgery was performed after combination therapy in 34 patients of the HAIC-TP group and in 7 
patients of the TACE-TP group (P < 0.001). Similar results were also observed in the PSM analysis. Multivariate analysis indicated 
type of treatment, alpha-fetoprotein, ALBI grade, portal vein tumor thrombus, and extrahepatic status were risk factors for poor 
prognosis. Nausea, vomiting, diarrhea, and abdominal pain occurred more frequently in the HAIC-TP group, whereas liver dysfunction 
occurred more frequently in the TACE-TP group. All AEs were acceptable and manageable as a result of treatment interruption or dose 
modification.
Conclusion: The combination of HAIC with TKIs and anti-PD-1 antibodies is an effective and safe therapeutic regimen over TACE- 
based combination therapy for patients with HCC. A prospective study with a large sample size is required to validate the efficacy and 
safety of the combination therapy.
Keywords: hepatocellular carcinoma, hepatic arterial infusion chemotherapy, transarterial chemoembolization, combination therapy

Introduction
Hepatocellular carcinoma (HCC), which accounts for approximately 90% of all cases, is the most common pathological 
type of primary liver cancer.1 Liver resection is the first choice of treatment for patients with early stage HCC and is 
associated with a 5-year survival rate of more than 60%.1,2 Transarterial and systemic therapies are recommended for 
patients at intermediate or advanced stages.2 Common transarterial therapies include transarterial chemoembolization 
(TACE) and hepatic arterial infusion chemotherapy (HAIC). TACE is a therapy consisting of intra-arterial chemotherapy 
and selected embolization, whereas HAIC is an interventional therapy without using embolic materials via the hepatic 
arteries.3 TACE and HAIC both exert promising anti-tumor effects on unresectable HCC, with a disease control rate 
(DCR) of 82.0% for HAIC and a 1-year survival rate of 83.5% for TACE.4,5
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As various factors should be considered in the selection of therapeutic strategies for HCC, including tumor stage, liver 
function, and patient general condition, a multidisciplinary treatment method is needed to improve patients’ outcomes. 
Combination treatments based on locoregional and systemic therapies have been proposed for the treatment of HCC.6 

TACE combined with tyrosine kinase inhibitors (TKIs) and anti-PD-1 antibodies has been utilized in the treatment of 
HCC and is associated with favorable tumor response and manageable toxicity.7–10 Combination therapy with TKIs, anti- 
PD-1 antibodies, and HAIC has been reported to have acceptable toxic effects and encouraging anti-tumor activity in 
patients with advanced HCC.11–13 However, it remains unclear which interventional therapy yields better tumor response 
and survival outcomes when combined with TKIs and anti-PD-1 antibodies.

Hence, we conducted a retrospective analysis of patients with unresectable HCC and compared clinicopathological 
characteristics and prognosis of patients receiving HAIC combined with TKIs and anti-PD-1 antibodies with those 
treated with TACE when combined with TKIs and anti-PD-1 antibodies in our institution.

Materials and Methods
Patient Cohorts
This retrospective study was conducted in accordance with the Declaration of Helsinki and approved by the Institutional 
Review Board of Fudan University Shanghai Cancer Center (FUSCC). The medical records of patients with unresectable 
HCC who were treated with HAIC combined with TKIs and anti-PD-1 agents (HAIC-TP group) or TACE combined with 
TKIs and anti-PD-1 agents (TACE-TP group) at the Department of Hepatic Surgery of FUSCC between December 2020 
and July 2022 were reviewed for eligibility. Patients were included based on the following specific criteria: age ≥ 18 
years; Eastern Cooperative Oncology Group performance status (ECOG PS) of 0–1; Child-Pugh class A/B liver function; 
at least one measurable intrahepatic lesion according to the Response Evaluation Criteria in Solid Tumors (RECIST) 
version 1.1;14 and adequate organ function [absolute neutrophil count ≥ 1.2 × 109/L, platelet count ≥ 60 × 109/L, total 
bilirubin (T-BIL) < 30 μmol/L, albumin (ALB) ≥ 30 g/L, aspartate transaminase (AST) and alanine transaminase (ALT) ≤ 
5 × upper limit of the normal, creatinine clearance rate of ≤ 1.5 × upper limit of the normal, and left ventricular ejection ≥ 
45%]. Patients were excluded if they had received other treatments for HCC during combination therapy. Patients were 
also excluded if they were diagnosed with other malignant tumors or if their medical information and follow-up data 
were incomplete.

Treatment Protocol
The Seldinger technique was used to puncture the femoral artery and a catheter was inserted into the feeding hepatic 
artery under digital subtraction angiography guidance. Chemotherapeutic agents (20 mg of hydroxycamptothecin and 
60 mg of pirarubicin) were injected, and embolization was performed with iodized oil (3–15 mL) or gelfoam or 
microspheres when necessary during the TACE procedure, while the chemotherapeutic regimen of HAIC (oxaliplatin 
85/m2 from hours 0 to 2 on day 1; leucovorin 400 mg/m2 from hours 2 to 3 on day 1; 5-fluorouracil 400 mg/m2 bolus 
at hour 3; and 2400 mg/m2 over 46 hours on days 1 and 2) was infused via the catheter in the ward. HAIC was repeated 
every 3 weeks, while TACE was repeated depending on the accumulation of iodized oil, which was evaluated using plain 
computed tomography (CT), and the enhancement of viable HCC tissue, which was evaluated by contrast-enhanced 
magnetic resonance imaging (MRI). TKIs [lenvatinib: a dose of 12 mg/day (for body weight ≥ 60 kg) or 8 mg/day (for 
body weight < 60 kg); apatinib, a dose of 250 mg/day; donafenib, a dose of 200 mg twice daily] were administered more 
than 1 week prior to the initial interventional therapy, and discontinued from one day before each session of the 
interventional therapy to the time of withdrawal of the catheter. Anti PD-1 antibodies (tislelizumab, 200 mg/3 weeks; 
sintilimab, 200 mg/3 weeks; toripalimab, 240 mg/3 weeks) were administered intravenously every three weeks. Dose 
reduction and treatment interruption depended on disease progression, unacceptable toxicity, patients’ withdrawal of 
consent or changes in treatment plan, and technical difficulties in repeating interventional therapy. Enhanced CT or MRI 
was performed to evaluate therapeutic efficacy every 6 weeks after treatment initiation.
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Data Collection and Study Objectives
Clinical and radiological data were retrospectively collected from medical records. The following data were collected and 
analyzed: age, sex, ECOG PS score, negative or positive results for hepatitis B surface antigen (HBV) and hepatitis 
C antibody (HCV), ⍺-fetoprotein (AFP), albumin-bilirubin (ALBI) grade, ALB, T-BIL, ALT, AST, Child-Pugh grade, 
tumor number, maximum tumor diameter, presence or absence of portal vein tumor thrombus (PVTT), extrahepatic 
metastases, and Barcelona Clinic Liver Cancer (BCLC) stage.

The primary endpoints were the objective response rate (ORR), defined as the proportion of patients with a complete 
response (CR) or a partial response (PR) that was maintained for at least four weeks, and DCR, defined as the proportion 
of patients with ORR plus stable disease (SD). The ORR and DCR were evaluated according to RECIST version 1.1 and 
modified RECIST (mRECIST).14,15 The second endpoints were progression-free survival (PFS), defined as the time from 
commencement of treatment to progression or death from any cause, and overall survival (OS), defined as the time from 
commencement of treatment to death from any cause. Adverse events (AEs) were assessed according to the National 
Cancer Institute Common Terminology Criteria for Adverse Events, version 4.03.

Propensity-Score Matching Analysis
Propensity-score matching (PSM) analysis was performed to minimize the uneven distribution of covariates between two 
groups. The matching algorithm included age, sex, ECOG PS score, negative or positive status for HBV and HCV, AFP level, 
ALBI grade, ALB, T-BIL, ALT, AST, Child-Pugh class, tumor number, maximum tumor diameter, presence or absence of 
PVTT and extrahepatic metastasis, and BCLC stage. The MatchIt package in R (version 4.1.2) was used for the PSM analysis. 
The caliper width was 0.05 and a one-to-one match between the two groups was obtained by nearest-neighbor matching.

Statistics Analysis
The clinicopathological characteristics and AEs of the two groups were compared using the chi-squared test or Fisher’s 
exact test. The results related to tumor response were analyzed using ordinal logistic regression. PFS and OS were 
calculated using the Kaplan–Meier method and compared using Log rank tests. Factors with P-value < 0.05, in the 
univariate analysis, were candidates for entry into a multivariable Cox proportional-hazards model. All P values were 
two-sided, with P values < 0.05 considered significant. SPSS (version 26.0), R (version 4.1.2), and GraphPad Prism 
(version 9.4.1) were used to perform analyses.

Results
Patient Characteristics
Between December 2020 and July 2022, 748 HCC patients were enrolled in this study, with 302 and 446 patients in the HAIC- 
TP and TACE-TP groups, respectively (Figure 1). The median sessions of HAIC were 3 (range: 1–10), while the median 
sessions of TACE were also 3 (range: 1–11). Clinicopathological characteristics of the patients are presented in Table 1. The 
patients in the HAIC-TP group were younger than those in the TACE-TP group (median: 54.5 vs 57.0 years, P < 0.001). In the 
HAIC-TP group, more patients were classified as having an ECOG PS of 0 (33.8% vs 21.3%, P < 0.001) or HBV infection 
status (82.1% vs 74.2%, P = 0.014). There were significant differences in AFP (P = 0.002), T-BIL (P = 0.003), and AST (P < 
0.001) between the two groups. Furthermore, significant differences were observed in some tumor characteristics, including 
the tumor number (P < 0.001), maximum tumor diameter (P < 0.001), PVTT (P < 0.001), and BCLC stage (P < 0.001).

PSM analysis was performed to minimize bias. After PSM, 232 patients were selected from each group, and no 
significant difference was observed between the characteristics of the two groups.

Therapeutic Efficacy
The tumor responses are presented in Table 2. Before PSM, DCR and ORR were significantly higher in the HAIC-TP 
group than in the TACE-TP group based on the RECIST criteria (DCR: 77.8% vs 47.1%, P < 0.001; ORR: 33.1% vs 
7.8%, P < 0.001). According to the mRECIST criteria, the HAIC-TP group also exhibited higher DCR and ORR than the 
TACE-TP group (DCR: 77.8% vs 47.1%, P < 0.001; ORR: 51.4% vs 17.5%, P < 0.001). After PSM, a higher DCR and 
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ORR based on both the RECIST and mRECIST criteria were observed in the HAIC-TP group (79.7% vs 40.1%, P < 
0.001; 34.5% vs 8.6%, P < 0.001; mRECIST: 79.7% vs 40.1%, P < 0.001; 52.5% vs 15.9%, P < 0.001). In addition, more 
patients in the HAIC-TP group underwent curative surgery because of tumor shrinkage or downstaging either before or 
after PSM than in the TACE-TP group (before PSM: 34 patients (11.3%) vs 7 patients (1.6%), P < 0.001; after PSM: 27 
patients (11.6%) vs 4 patients (1.7%), P < 0.001). The CT or MRI scans of ten representative patients treated with 
a combination of HAIC with TKIs and anti-PD-1 antibodies are shown in Supplementary Figure 1.

Patients with unresectable HCC receiving the combination
of TKIs, anti-PD-1 antibodies with HAIC or TATT CE betweett n

December 2020 and July 2022
(n = 912)

Excluded (n = 164)
   Combined with other malignant tumors (n = 23)
   Recieved other anti-tumor tumorumor reatments (n = 34)
   Incomplete medical informaff tion (n = 31)
   Lost to follow-up f f (n = 76)

Patients treated with TATT CE combined
with TKIs and anti-PD-1 antibodies

(n = 446)

Patients treated with HAIC combined
with TKIs and anti-PD-1 antibodies

(n = 302)

Patients treated with TATT CE combined
with TKIs and anti-PD-1 antibodies

(n = 232)

Patients treated with HAIC combined
with TKIs and anti-PD-1 antibodies

(n = 232)

PSM

Figure 1 Flow diagram of the study. 
Abbreviations: HCC, hepatocellular carcinoma; TKIs, tyrosine kinase inhibitor; HAIC, hepatic arterial infusion chemotherapy; TACE, transarterial chemoembolization; 
PSM, propensity score matching.

Table 1 Clinicopathological Characteristics Before and After PSM

Before PSM After PSM

HAIC-TP  
(n = 302)

TACE-TP  
(n = 446)

P value HAIC-TP  
(n = 232)

TACE-TP  
(n = 232)

P value

Age, years <0.001 0.987

<50 105 (34.8) 105 (23.5) 72 (31.0) 73 (31.5)
≥50 197 (65.2) 341 (76.5) 160 (69.0) 159 (68.5)

Sex 0.445 1.000

Male 266 (88.1) 383 (85.9) 202 (87.1) 202 (87.1)
Female 36 (11.9) 63 (14.1) 30 (12.9) 30 (12.9)

ECOG PS <0.001 1.000

0 102 (33.8) 95 (21.3) 69 (29.7) 69 (29.7)
1 200 (66.2) 351 (78.7) 163 (70.3) 163 (70.3)

HBV 0.014 0.650

Positive 248 (82.1) 331 (74.2) 185 (79.7) 180 (77.6)
Negative 54 (17.9) 115 (25.8) 47 (20.3) 52 (22.4)

(Continued)
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Survival Outcomes
The follow-up was completed in October 2022 and the median follow-up time was 14.4 months (4.4–23.7 months). The 
median PFS and OS of all patients was 9.9 months and 16.3 months, respectively. At the time of analysis, 128 patients 
(42.4%) exhibited disease progression and 52 (17.2%) had died in the HAIC-TP group; in the TACE-TP group, 236 

Table 1 (Continued). 

Before PSM After PSM

HAIC-TP  
(n = 302)

TACE-TP  
(n = 446)

P value HAIC-TP  
(n = 232)

TACE-TP  
(n = 232)

P value

HCV 0.057 0.416
Positive 5 (1.7) 20 (4.5) 5 (2.2) 9 (3.9)

Negative 297 (98.3) 426 (95.5) 227 (97.8) 223 (96.1)

AFP, ng/mL 0.002 0.642
≤400 146 (48.3) 267 (59.9) 123 (53.0) 117 (50.4)

>400 156 (51.7) 179 (40.1) 109 (47.0) 115 (49.6)

ALBI grade 0.087 0.960
1 177 (58.6) 289 (64.8) 142 (61.2) 139 (59.9)

2/3 125 (41.4) 157 (35.2) 90 (38.8) 93 (40.1)

Albumin, g/l 0.950 0.487
<36 57 (18.9) 85 (19.1) 43 (18.5) 50 (21.6)

≥36 245 (81.1) 361 (80.9) 189 (81.5) 182 (78.4)

T-BIL, μmol/L 0.003 1.000
≤17 185 (61.3) 320 (71.7) 154 (66.4) 154 (66.4)

>17 117 (38.7) 126 (28.3) 78 (33.6) 78 (33.6)

ALT, U/L 0.525 1.000
≤50 226 (74.8) 344 (77.1) 173 (74.6) 172 (74.1)

>50 76 (25.2) 102 (22.9) 59 (25.4) 60 (25.9)

AST, U/L <0.001 0.924
≤40 104 (34.4) 228 (51.1) 92 (39.7) 90 (38.8)

>40 198 (65.6) 218 (48.9) 140 (60.3) 142 (61.2)

Child-Pugh class 0.133 1.000
A 298 (98.7) 431 (96.6) 229 (98.7) 230 (99.1)

B 4 (1.3) 15 (3.4) 3 (1.3) 2 (0.9)

Tumor number <0.001 0.786
Single 9 (3.0) 57 (12.8) 8 (3.4) 6 (2.6)

Multiple 293 (97.0) 389 (87.2) 224 (96.6) 226 (97.4)

Maximum tumor diameter, cm <0.001 1.000
≤10 150 (49.7) 316 (70.9) 136 (58.6) 136 (58.6)

>10 152 (50.3) 130 (29.1) 96 (41.4) 96 (41.4)

PVTT <0.001 1.000
Presence 126 (41.7) 90 (20.2) 70 (30.2) 69 (29.7)

Absence 176 (58.3) 356 (79.8) 162 (69.8) 163 (70.3)

Extrahepatic metastases 0.378 0.707
Presence 44 (14.6) 77 (17.3) 36 (15.5) 40 (17.2)

Absence 258 (85.4) 369 (82.7) 196 (84.5) 192 (82.8)

BCLC stage <0.001 0.820
A/B 152 (50.3) 312 (70.0) 143 (61.7) 140 (60.3)

C 150 (49.7) 134 (30.0) 89 (38.4) 92 (39.7)

Abbreviations: PSM, propensity score matching; HAIC-TP, hepatic artery infusion chemotherapy combined with tyrosine kinase inhibitors and anti-PD-1 antibodies; TACE- 
TP, transarterial chemoembolization combined with tyrosine kinase inhibitor and anti-PD-1 antibodies; ECOG PS, Eastern Cooperative Oncology Group performance status; 
HBV, hepatitis B virus; HCV, hepatitis C virus; AFP, ⍺-fetoprotein; ALBI, albumin-bilirubin; T-BIL, total bilirubin; ALT, alanine aminotransferase; AST, aspartate aminotransfer-
ase; PVTT, portal vein tumor thrombus; BCLC stage, Barcelona Clinic Liver Cancer stage.
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patients (52.9%) exhibited disease progression and 153 (34.3%) had died. Before PSM, the median PFS and OS in the 
HAIC-TP group was 12.4 months and not reached, respectively, compared to 8.2 months and 13.8 months, respectively, 
in the TACE-TP group (P < 0.001; Figures 2A and B). After PSM, the median PFS and OS of the HAIC-TP group was 
14.5 months and not reached, respectively, which was also significantly longer than that in the TACE-TP group (PFS: 6.8 
months, OS: 12.4 months, P < 0.001; Figures 2C and D). Furthermore, subgroup analysis showed that, except for patients 
with single tumor or extrahepatic metastases, patients in the HAIC-TP group had a better prognosis than those in the 
TACE-TP group, either before PSM or after PSM (Figures 3 and 4).

Univariate and Multivariate Analysis of Survival
The results of the univariate and multivariate analyses of PFS and OS are presented in Table 3 and 4, respectively. 
Multivariate analysis demonstrated that the independent risk factors for PFS were type of treatment (HAIC-TP vs TACE- 
TP, HR: 2.173, 95% CI: 1.720–2.744; P < 0.001), AFP (≤ 400 ng/mL vs > 400 ng/mL, HR: 1.480, 95% CI: 1.181–1.856; 
P < 0.001), PVTT (presence vs absence, HR: 0.740, 95% CI: 0.581–0.942; P = 0.015), and extrahepatic metastases (HR: 
0.653, 95% CI: 0.507–0.842; P = 0.001). Multivariate analysis for OS showed that type of treatment (HAIC-TP vs 
TACE-TP, HR: 3.333, 95% CI: 2.391–4.645; P < 0.001), AFP (≤ 400 ng/mL vs > 400 ng/mL, HR: 1.457, 95% CI: 
1.088–1.951; P = 0.012), ALBI grade (1 vs 2/3, HR: 1.387, 95% CI: 1.045–1.839; P = 0.023), PVTT (presence vs 
absence, HR: 0.593, 95% CI: 0.431–0.816; P = 0.001), and extrahepatic metastases (presence vs absence, HR: 0.693, 
95% CI: 0.502–0.958; P = 0.027) were prognostic factors.

Safety
No treatment-related deaths were observed in either group, and treatment-related AEs are listed in Table 5. Any grade of 
nausea (46.4% vs 34.3%, P = 0.001), vomiting (28.1% vs 21.5%, P = 0.047), diarrhea (25.2% vs 13.2%, P < 0.001), or 
abdominal pain (33.1% vs 23.8%, P = 0.006) occurred more frequently in the HAIC-TP group than in the TACE-TP 
group. Furthermore, more patients in the HAIC-TP group exhibited grade 3/4 diarrhea (4.3% vs 1.1%, P = 0.011) and 
grade 3/4 abdominal pain (5.6% vs 2.5%, P = 0.041) than those in the TACE-TP group. Any grade and grade 3/4 liver 
dysfunction, including elevated ALT, AST, hyperbilirubinemia, and hypoalbuminemia, were less frequent in the HAIC- 

Table 2 Summary of Response Before and After PSM

Before PSM After PSM

HAIC-TP (%) TACE-TP (%) P value HAIC-TP (%) TACE-TP (%) P value

RECIST n = 302 n = 446 n = 232 n = 232

CR 0 (0.0) 0 (0.0) - 0 (0) 0 (0) -
PR 100 (33.1) 35 (7.8) <0.001 80 (34.5) 20 (8.6) <0.001

SD 135 (44.7) 175 (39.2) 0.154 105 (45.3) 74 (31.5) 0.002

PD 67 (22.2) 236 (52.9) <0.001 47 (20.3) 138 (59.9) <0.001
ORR 33.1% 7.8% <0.001 34.5% 8.6% <0.001

DCR 77.8% 47.1% <0.001 79.7% 40.1% <0.001

mRECIST n = 302 n = 446 n = 232 n = 232

CR 9 (3.0) 0 (0.0) <0.001 8 (3.4) 0 (0.0) 0.004

PR 143 (47.4) 78 (17.5) <0.001 114 (49.1) 37 (15.9) <0.001
SD 83 (27.5) 132 (29.6) 0.531 63 (27.2) 56 (24.1) 0.457

PD 67 (22.2) 236 (52.9) <0.001 47 (20.3) 139 (59.9) <0.001

ORR 51.4% 17.5% <0.001 52.5% 15.9% <0.001
DCR 77.8% 47.1% <0.001 79.7% 40.1% <0.001

Abbreviations: PSM, propensity score matching; RECIST, Response Evaluation Criteria in Solid Tumors; HAIC-TP, hepatic artery infusion 
chemotherapy combined with tyrosine kinase inhibitors and anti-PD-1 antibodies; TACE-TP, transarterial chemoembolization combined with 
tyrosine kinase inhibitors and anti-PD-1 antibodies; CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; 
ORR, overall response rate; DCR, disease control rate.
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TP group than in the TACE-TP group. Fever was less frequent in the HAIC-TP group than in the TACE-TP group 
(15.2% vs 34.8%, P < 0.001).

Discussion
This retrospective study was the first to compare the clinicopathological characteristics and prognosis of patients treated 
with TKIs, anti-PD-1 antibodies, HAIC or TACE. We obtained primary evidence of the superiority of HAIC combined 
with TKIs and anti-PD-1 antibodies over TACE combined with TKIs and anti-PD-1 antibodies in the treatment of HCC. 
A clinical trial compared HAIC with TACE in the treatment of massive unresectable HCC and demonstrated that HAIC 
yielded a significantly better treatment response, better survival outcomes, and fewer AEs than TACE.4 In the current 
study, patients receiving HAIC combined with TKIs and anti-PD-1 antibodies also had a better tumor response and 
prognosis than those receiving a combination of TACE with TKIs and anti-PD-1 antibodies. A possible reason for this is 
that the continuous infusion of chemotherapeutic agents in HAIC can provide stable, local, and high concentrations of 
agents in tumors, and thus HAIC can promote the anti-tumor effects of TKIs and anti-PD-1 inhibitors better than 
TACE.4,16,17 Another possible reason is that tumor hypoxia induced by TACE can lead to the upregulation of hypoxia 
inducible factor-1 ⍺ (HIF-1⍺), which activates the proangiogenic response, including upregulation of the expression of 
vascular endothelial growth factor (VEGF) and platelet-derived growth factor (PDGF), and thus increase tumor 
angiogenesis and influence local tumor recurrence.18–21 Moreover, liver resection was performed more frequently in 
the HAIC-TP group than in the TACE-TP group. This result not only demonstrated HAIC-based combination therapy 
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Figure 2 Kaplan-Meier curves for survival outcomes before and after PSM. 
Notes: (A) Kaplan-Meier curves of PFS between HAIC-TP group and TACE-TP group before PSM. (B) Kaplan-Meier curves of OS between HAIC-TP group and TACE-TP 
group before PSM. (C) Kaplan-Meier curves of PFS between HAIC-TP group and TACE-TP group after PSM. (D) Kaplan-Meier curves of OS between HAIC-TP group and 
TACE-TP group after PSM. 
Abbreviations: PSM, propensity score matching; PFS, progression-free survival; HAIC-TP, hepatic artery infusion chemotherapy combined with tyrosine kinase inhibitors 
and anti-PD-1 antibodies; TACE-TP, transarterial chemoembolization combined with tyrosine kinase inhibitor and anti-PD-1 antibodies; OS, overall survival.
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exhibited better efficacy than TACE-based combination therapy but is the reason that longer PFS and OS were observed 
in patients of the HAIC-TP group compared to the TACE-TP group.

In our study, the median PFS and OS of all patients was 9.9 months and 16.3 months, respectively, which is 
comparable to the survival outcomes of previous studies, with a median PFS of 4.0–16.3 months and a median OS of 
8.6–24.8 months, respectively.7,8,10,22,23 In the HAIC-TP group, the median PFS was 12.4 months, which was numeri-
cally better than the 10.4 months reported in a clinical trial on Lenvatinib, Toripalimab, and HAIC.11 This difference in 
survival may be because patients in the current study were at earlier disease stages than those in previous clinical trial. 
For example, in a previous clinical trial 86.1% of patients had PVTT and 27.8% had extrahepatic metastases, compared to 
41.7% and 14.6% of patients, respectively, in our study.11

To reduce the bias caused by confounding variables, PSM analysis was performed, and the same results were 
observed, thus substantiating the credibility of these findings.24 In addition, we performed subgroup analyses based on 
different clinicopathological characteristics. HAIC has a better prognosis than TACE when combined with TKIs and anti- 
PD-1 antibodies in most subgroups. However, for patients with single tumor, similar prognoses were observed in the 
HAIC-TP and TACE-TP groups. These results might be explained by the limited number of cases in the subgroup 
analyses. Furthermore, no significant difference in prognosis was observed in patients with extrahepatic metastases who 
were treated with TKIs, anti-PD-1 antibodies plus HAIC or TACE. This result indicated that when patients presented 
extrahepatic metastases, it was systemic treatment, instead of locoregional treatment, that played a vital role in treatment 
efficacy and survival outcomes.

In multivariate analysis, treatment method was a prognostic factor for survival outcomes, which further indicated that 
the HAIC-TP group exhibited better therapeutic efficacy than the TACE-TP group. Serum AFP levels have been shown 

(A) (B)

Figure 3 Subgroup analyses of survival outcomes before PSM. 
Notes: (A) Forest plots for subgroup analyses of PFS between HAIC-TP group and TACE-TP group. (B) Forest plots for subgroup analyses of OS between HAIC-TP group 
and TACE-TP group. 
Abbreviations: PSM, propensity score matching; PFS, progression-free survival; HAIC-TP, hepatic arterial infusion chemotherapy combined with tyrosine kinase inhibitors 
and anti-PD-1 antibodies; TACE-TP, transarterial chemoembolization combined with tyrosine kinase inhibitors and anti-PD-1 antibodies; OS, overall survival; ECOG PS, 
Eastern Cooperative Oncology Group performance status; HBV, hepatitis B virus; AFP, alpha-fetoprotein; ALBI, albumin-bilirubin; T-BIL, total bilirubin; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; PVTT, portal vein tumor thrombus; BCLC stage, Barcelona Clinic Liver Cancer stage.
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to have both diagnostic and prognostic value in HCC.25,26 A better prognosis was observed among Asian patients with 
AFP > 200 ng/mL in the Check-Mate 45927 and KEYNOTE-240 trials.28 In our study, AFP level was also a prognostic 
factor for survival in patients with HCC, and AFP ≤ 400 ng/mL was associated with better survival outcomes. The same 

(A) (B)

Figure 4 Subgroup analyses of survival outcomes after PSM. 
Notes: (A) Forest plots for subgroup analyses of PFS between HAIC-TP group and TACE-TP group. (B) Forest plots for subgroup analyses of OS between HAIC-TP group 
and TACE-TP group. 
Abbreviations: PSM, propensity score matching; PFS, progression-free survival; HAIC-TP, hepatic arterial infusion chemotherapy combined with tyrosine kinase inhibitors 
and anti-PD-1 antibodies; TACE-TP, transarterial chemoembolization combined with tyrosine kinase inhibitors and anti-PD-1 antibodies; OS, overall survival; ECOG PS, 
Eastern Cooperative Oncology Group performance status; HBV, hepatitis B virus; AFP, alpha-fetoprotein; ALBI, albumin-bilirubin; T-BIL, total bilirubin; ALT, alanine 
aminotransferase; AST, aspartate aminotransferase; PVTT, portal vein tumor thrombus; BCLC stage, Barcelona Clinic Liver Cancer stage.

Table 3 Univariate and Multivariate Analysis of Progression-Free Survival in All Patients

Variables Median PFS 
(months)

Univariate Multivariate P value

P value HR (95% CI)

Group <0.001 <0.001

HAIC-TP 12.4 Reference

TACE-TP 8.2 2.173 (1.720–2.744)
Age 0.011 NS

<50 7.5

≥50 11.6
Sex 0.334

Male 10.0

Female 8.2
ECOG PS 0.019 NS

0 7.6
1 11.4

(Continued)
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Table 3 (Continued). 

Variables Median PFS 
(months)

Univariate Multivariate P value

P value HR (95% CI)

HBV 0.034 NS

Positive 9.4
Negative 14.2

AFP, ng/mL <0.001 0.001

≤400 13.5 Reference
>400 10.8 1.480 (1.181–1.856)

ALBI grade 0.022 NS

1 12.6
2/3 10.9

Tumor number 0.488 NS

Single 10.7
Multiple 9.7

Maximum tumor 
diameter, cm

0.005 NS

≤10 11.7

>10 8.1

PVTT 0.003 0.015
Presence 8.7 Reference

Absence 11.7 0.740 (0.581–0.942)

Extrahepatic metastases <0.001 0.001
Presence 6.5 Reference

Absence 11.4 0.653 (0.507–0.842)

Abbreviations: PFS, progression-free survival; HR, hazard ratio; CI, confidence interval; HAIC-TP, hepatic artery infusion chemotherapy 
combined with tyrosine kinase inhibitors and anti-PD-1 antibodies; TACE-TP, transarterial chemoembolization combined with tyrosine kinase 
inhibitors and anti-PD-1 antibodies; ECOG PS, Eastern Cooperative Oncology Group performance status; HBV, hepatitis B virus; AFP, ⍺- 
fetoprotein; ALBI, albumin-bilirubin; PVTT, portal vein tumor thrombus; NS, not significant.

Table 4 Univariate and Multivariate Analysis of Overall Survival in All Patients

Variables Median OS 
(months)

Univariate Multivariate P value

P value HR (95% CI)

Group <0.001 <0.001

HAIC-TP Not reached Reference

TACE-TP 13.8 3.333 (2.391–4.645)
Age 0.064

<50 14.3

≥50 18.2
Sex 0.077

Male 16.7

Female 16.0
ECOG PS 0.052

0 14.0

1 18.4
HBV 0.641

Positive 16.0

Negative Not reached
AFP, ng/mL <0.001 0.012

≤400 Not reached Reference

>400 15.0 1.457 (1.088–1.951)

(Continued)
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Table 4 (Continued). 

Variables Median OS 
(months)

Univariate Multivariate P value

P value HR (95% CI)

ALBI grade 0.006 0.023

1 19.3 Reference
2/3 13.2 1.387 (1.045–1.839)

Tumor number 0.955

Single 16.7
Multiple 16.3

Maximum tumor 
diameter, cm

0.031 NS

≤10 Not reached NS

>10 15.2 NS

PVTT 0.014 0.001
Presence 14.0 Reference

Absence 18.4 0.593 (0.431–0.816)

Extrahepatic metastases 0.001 0.027
Presence 12.5 Reference

Absence 19.3 0.693 (0.502–0.958)

Abbreviations: OS, overall survival; HR, hazard ratio; CI, confidence interval; HAIC-TP, hepatic artery infusion chemotherapy combined 
with tyrosine kinase inhibitors and anti-PD-1 antibodies; TACE-TP, transarterial chemotherapy combined with tyrosine kinase inhibitors and 
anti-PD-1 antibodies; ECOG PS, Eastern Cooperative Oncology Group performance status; HBV, hepatitis B virus; AFP, ⍺-fetoprotein; ALBI, 
albumin-bilirubin; PVTT, portal vein tumor thrombus; NS, not significant.

Table 5 Treatment-Related Adverse Events in All Patients

HAIC-TP (n = 302), No. (%) TACE-TP (n = 446), No. (%) P value

Any Grade Grade 3/4 Any Grade Grade 3/4 Any Grade Grade 3/4

Neutropenia 94 (31.1) 18 (6.0) 153 (34.3) 19 (4.3) 0.408 0.379

Thrombocytopenia 101 (33.4) 13 (4.3) 132 (29.6) 13 (2.9) 0.301 0.415
Fatigue 172 (57.0) 7 (2.3) 272 (61.0) 7 (1.6) 0.305 0.641

Hypertension 100 (33.1) 10 (3.3) 132 (29.6) 15 (3.4) 0.347 1.000

Weight loss 78 (25.8) 8 (2.6) 124 (27.8) 5 (1.1) 0.608 0.199
Hand foot skin reaction 100 (33.1) 16 (5.3) 135 (30.3) 24 (5.4) 0.458 1.000

Rash 34 (11.3) 4 (1.3) 45 (10.1) 7 (1.6) 0.697 1.000

Nausea 140 (46.4) 20 (6.6) 153 (34.3) 23 (5.2) 0.001 0.493
Vomiting 85 (28.1) 11 (3.6) 96 (21.5) 13 (2.9) 0.047 0.732

Diarrhea 76 (25.2) 13 (4.3) 59 (13.2) 5 (1.1) <0.001 0.011

Abdominal pain 100 (33.1) 17 (5.6) 106 (23.8) 11 (2.5) 0.006 0.041
Sensory neuropathy 43 (14.2) 3 (1.0) 70 (15.7) 7 (1.6) 0.659 0.727

Proteinuria 73 (24.2) 4 (1.3) 81 (18.2) 5 (1.1) 0.057 1.000

Elevated ALT 140 (46.4) 26 (8.6) 268 (60.1) 78 (17.5) <0.001 0.001
Elevated AST 130 (43.0) 52 (17.2) 285 (63.9) 113 (25.3) <0.001 0.011

Hyperbilirubinemia 106 (35.1) 7 (2.3) 232 (52.0) 25 (5.6) <0.001 0.046

Hypoalbuminemia 136 (45.0) 11 (3.6) 253 (56.7) 39 (8.7) 0.002 0.010
Fever 46 (15.2) 5 (1.7) 155 (34.8) 6 (1.3) <0.001 0.971

Anemia 97 (32.1) 6 (2.0) 148 (33.2) 5 (1.1) 0.822 0.512
Elevated creatinine 15 (5.0) 3 (1.0) 19 (4.3) 5 (1.1) 0.782 1.000

Abbreviations: PSM, propensity score matching; HAIC-TP, hepatic artery infusion chemotherapy combined with tyrosine kinase inhibitors and anti-PD-1 antibodies; TACE- 
TP, transarterial chemotherapy combined with tyrosine kinase inhibitors and anti-PD-1 antibodies; ALT, alanine aminotransferase; AST, aspartate aminotransferase.
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conclusion was reported by the study of He et al,12 which compared the efficacy of lenvatinib, toripalimab, and HAIC 
with lenvatinib alone for advanced HCC. The ALBI grade, based on albumin and bilirubin, is an index of liver 
dysfunction and a significant predictor of OS in patients with HCC after surgery, TACE and sorafenib.29,30 Our study 
revealed that ALBI grade was associated with OS in patients treated with a combination of interventional therapy, TKIs, 
and anti-PD-1 antibodies. In addition, we identified the prognostic significance of PVTT and extrahepatic metastases. 
Therefore, both tumor burden and tumor stage play important roles in survival outcomes in patients with HCC receiving 
HAIC- or TACE-based combination therapies. Further studies are required to confirm these findings.

TACE has been reported to be associated with more serious AEs than HAIC in HCC.4,31 In a previous systematic 
review, elevated ALT or AST levels were the most common AEs associated with combination therapy in the form of 
interventional therapy and TKIs plus anti-PD-1 antibodies.22 This result, as well as hyperbilirubinemia and 
hypoalbuminemia, was also observed in our study. Patients in the TACE-TP group had worse liver function than 
those in the HAIC-TP group after combination therapy. This indicates that liver function should be a selection 
criterion for patients who plan to receive combination therapy, especially for those who are treated with TACE- 
based combination therapy. Because of the continuous infusion of chemotherapeutic agents, patients in the HAIC-TP 
group had significantly higher frequencies of nausea, vomiting, diarrhea, and abdominal pain. Thus, it may be 
appropriate to administer antiemetic agents before the infusion of chemotherapeutic agents and also to use 
painkillers and reduce the oxaliplatin dose when patients experience abdominal pain. Moreover, owing to emboliza-
tion with iodized oil in the TACE procedure, more patients in the TACE-TP group experienced fever. Notably, the 
above-mentioned treatment-related AEs were acceptable and manageable by means of treatment interruption or dose 
modification.

This study had several limitations. First, the retrospective design of the study makes it prone to various biases. 
Despite the insignificant differences in the baseline characteristics after PSM, other unrecognized confounders may still 
exist. Second, the patients were treated with various TKIs and anti-PD-1 antibodies, and it was difficult to compare their 
therapeutic efficacy and AEs in patients receiving combination therapy based on the same TKIs and anti-PD-1 antibodies. 
Finally, the follow-up time was relatively short and an insufficient number of OS events were observed. Considering 
these limitations, more multicenter and large-scale clinical trials are needed to explore the role of a combination of TKIs 
and anti-PD-1 antibodies with HAIC or TACE in HCC treatment.

Conclusion
In summary, our retrospective study showed that, for patients with HCC, the combination of HAIC with TKIs and anti- 
PD-1 antibodies was an effective and safe therapeutic regimen, with better treatment responses, better survival outcomes, 
and acceptable AEs compared to TACE-based combination therapy. In addition to treatment type, AFP level, ALBI 
grade, PVTT, and extrahepatic metastases were the most significant predictors associated with the prognosis of patients 
with HCC. Further studies are needed to verify the conclusions.
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