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Purpose: To compare the treatment efficacy and safety of transarterial chemoembolization (TACE) or hepatic arterial infusion 
chemotherapy (HAIC) combined with tyrosine kinase inhibitors (TKIs) and programmed cell death protein-1 (PD-1) inhibitors for 
patients with unresectable hepatocellular carcinoma (HCC).
Patients and Methods: 81 unresectable HCC patients were retrospectively analyzed, including 30 or 51 patients treated with either TKIs and 
PD-1 inhibitors combined with TACE (TTP) or HAIC (HTP), respectively. Tumor response and survival outcomes were compared.
Results: The median overall survival (mOS) was 21.0 months in the TTP group and 15.0 months in the HTP group (P = 0.525; HR = 
1.23; 95% CI 0.66–2.29). The median progression-free survival (mPFS) was 6.7 months in the TTP group and 9.9 months in the HTP 
group (P = 0.160; HR = 0.70; 95% CI 0.42–1.16). After Propensity Score Matching (PSM), the mOS was 21.0 months in the TTP 
group and 18.0 months in the HTP group (P = 0.644; HR = 1.20; 95% CI 0.56–2.58). The mPFS was 6.4 months in the TTP group and 
15.0 months in the HTP group (P = 0.028; HR = 0.49; 95% CI 0.26–0.93). The disease control rate in overall response (90.2% vs 
76.7%, P = 0.116, before PSM; 91.7% vs 75.0%, P = 0.121, after PSM) and intrahepatic response (94.1% vs 80.0%, P = 0.070, before 
PSM; 91.7% vs 79.2%, P = 0.220, after PSM) were higher in the HTP group than in the TTP group.
Conclusion: Though including more advanced tumors, the clinical outcomes of HAIC combined with TKIs and PD-1 inhibitors are 
comparable to TACE-based combination therapy for unresectable HCC. Nevertheless, HTP significantly improved the PFS benefits in 
HCC patients with with large tumor burden or vascular invasion.
Keywords: transarterial chemoembolization, hepatic arterial infusion chemotherapy, tyrosine kinase inhibitors, programmed cell death 
protein −1, hepatocellular carcinoma

Introduction
Primary liver cancer is the sixth most common cancer and the third leading cause of cancer-related death worldwide in 2020, and 
75–85% of the reported cases were hepatocellular carcinoma (HCC).1 Due to the uneventful onset of HCC, patients were mostly 
diagnosed at intermediate or advanced stage when they were impossible to receive surgical resection for radical therapies.2 Guided 
by several recommendations, transarterial chemoembolization (TACE) is recommended as first choice for HCC patients with 
intermediate stage, and sorafenib or lenvatinib was systemic therapy recommended as first-line treatment for patients with 
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advanced liver cancer.3–6 However, the prognosis of these patients is beyond satisfaction. The 1-, 3-, and 5-year survival rates of 
TACE for intermediate- to advanced-stage patients were 54%, 24% and 16%, respectively.7 Another study reported that the 1-, 5-, 
and 10-year overall survival (OS) and progression-free survival (PFS) rates of patients receiving TACE were 84.5%, 39.6% and 
27.0%; 64.3%, 40.5% and 22.7%, respectively.8 Consistently, the median overall survival (mOS) of patients treated with sorafenib 
was 6.5–10.7 months compared with 4.2–7.9 months in those who received placebo.6,9 Moreover, for patients treated with 
lenvatinib, the mOS, median progression-free survival (mPFS), 1-year OS rate, 1-year PFS rate, objective response rate (ORR), 
and disease control rate (DCR) were 11.36 months, 6.68 months, 56.0%, 27.0%, 36.0% and 75.0%, respectively.10

Recently, Hepatic artery infusion chemotherapy (HAIC) is attracting increasing attention for its high response rates 
and favorable survival as an emerging therapy for advanced HCC patients.11,12 The efficacy and safety of HAIC have 
been proved to be better than TACE for unresectable HCC.13–15 HAIC has been verified to significantly improved the 
mOS and mPFS than TACE in terms of unresectable HCC with a maximum diameter of more than 7 cm (23.1 vs 16.1 
months, P<0.001; 9.6 vs 5.4 months, P<0.001, respectively).16

Currently, programmed cell death protein-1 (PD-1) inhibitors were the major focus in terms of cancer research. The 
median OS of PD-1 inhibitors in patients with unresectable HCC was 13.9–16.4 months and the treatment-related 
adverse events are relatively low.17 Moreover, the combinations of interventional therapies and PD-1 inhibitors with 
tyrosine kinase inhibitors (TKIs) have become trends to be safer and more effective for incurable HCC patients.18–20

Recently, the triple combination therapies have been reported to demonstrate superior clinical outcomes than the double 
combination therapies or monotherapy. Han et al reported that TACE plus TKI and PD-1 inhibitors showed a mOS of 24.1 
months, a mPFS of 10.6 months, ORRs of 42% and DCRs of 80%.21 In addition, Guo et al demonstrated that the sequential 
combination of TACE with PD-1 inhibitors and TKIs for patients with advanced HCC significantly improved markers of 
treatment efficacy (mOS, 19.8 months; mPFS, 11.7 months; ORRs, 48.4%).22 The combination therapies of HAIC, TKIs and PD- 
1 inhibitors have also been reported to have improved response rates and survival outcomes for unresectable HCC patients. He 
et al reported the mOS (not reached), the mPFS (11.1 months) and the ORR (59.2%) of HCC patients treated with lenvatinib, 
toripalimab plus HAIC.20 In the same center, Mei et al also revealed the clinical outcomes of HAIC combined with PD-1 inhibitors 
plus lenvatinib in patients diagnosed with advanced HCC (mOS, 15.9 months; mPFS, 8.8; ORR, 40%; DCR, 77.6%).23

However, the comparison of the response rates and survival outcomes of the triple combination therapies containing 
TACE, TKIs and PD-1 inhibitors (TTP), or HAIC, TKIs and PD-1 inhibitors (HTP) for advanced HCC patients has never 
been reported. Thus, we conducted the present retrospective study to compare the therapeutic efficacy and safety of 
advanced HCC patients treated with TTP or HTP.

Materials and Methods
Patients
The medical records of intermediate-to-advanced HCC patients at the Sun Yat-sen University Cancer Center who 
received interventional therapies, including TACE or HAIC combined with PD-1 inhibitors and TKIs between 
March 2019 and August 2021 were retrospectively retrieved in this study. The specific criteria for inclusion were as 
follows: (a) patients were pathologically diagnosed with HCC based on the American Association for the Study of Liver 
Diseases practice guidelines;24 (b) patients aged from 18 to 80; (c) patients with Eastern Cooperative Oncology Group 
performance status (ECOG PS) of 0–1; (d) patients with Barcelona Clinic Liver Cancer (BCLC) intermediate or 
advanced stage;4 (e) patients received at least one cycle of TACE or HAIC combined with PD-1 inhibitors and TKIs; 
(f) patients with complete medical and follow-up data; and (g) patients with at least one measurable lesion. Patients were 
excluded based on the following criteria: (a) the time interval of interventional therapies and systemic therapies was 
beyond 1 month; (b) patients received therapies other than described above; (c) patients diagnosed with second primary 
malignant tumors; (d) Child-Pugh grade B or C. The patient characterization process was displayed in Figure 1.

Treatment Procedure
TACE and HAIC was performed according to our previously reported protocol.16,25 Patients received PD-1 inhibitors and 
TKIs within one week before or after the start of TACE or HAIC.

https://doi.org/10.2147/JHC.S436211                                                                                                                                                                                                                                   

DovePress                                                                                                                                           

Journal of Hepatocellular Carcinoma 2023:10 1850

Long et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Diagnosis and Definitions
According to the modified Response Evaluation Criteria in Solid Tumors (mRECIST), tumor response included complete 
response (CR), partial response (PR), stable disease (SD), or progressive disease (PD).26 ORR and DCR were defined as 
the sum of CR and PR and the sum of CR, PR, and SD, respectively. OS was defined as the time interval from initial 
treatment to cancer-related death. PFS was defined as the time interval from initial treatment to disease progression or 
any cause of death. Treatment-related adverse events (AEs) were evaluated by National Cancer Institute Common 
Terminology Criteria for Adverse Events version 4.0.

Statistical Analysis
In order to minimize the bias related to the baseline differences of tumor burdens and liver function between interested groups, 
patients were matched on their propensity score.27 Normally distributed continuous variables were expressed in terms of mean and 
standard deviation, and analyzed with Student’s t-test. Nonnormally distributed continuous variables were indicated as median 
and interquartile range, and analyzed with non-parameter test. Categorical variables were described using frequency and analyzed 
with χ2 test. Survival analysis was performed using the Kaplan-Meier method, and differences among the survival curves were 
analyzed with the Log rank test. Univariate and multivariate regression analyses were used to analyze the prognostic significance 
of the variables in predicting survival. All analyses were performed using SPSS 25.0 software (SPSS Inc., Chicago, IL, USA). P < 
0.05 was considered statistically significant.

Figure 1 Flow diagram of the patient characterization process.

Journal of Hepatocellular Carcinoma 2023:10                                                                                    https://doi.org/10.2147/JHC.S436211                                                                                                                                                                                                                       

DovePress                                                                                                                       
1851

Dovepress                                                                                                                                                             Long et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Results
Patient Characteristics
185 HCC patients who received TTP or HTP from March 2019 to August 2021 were analyzed. The following were 
excluded: 75 patients did not receive concurrent treatment of the combination of TACE or HAIC with TKIs and anti-PD 
-1 immunotherapy; 26 patients’ tumor grade were classified as BCLC/A; 3 patients’ Child-Pugh classification were B or 
C. Finally, a total of 81 patients were included and then divided into TTP group (n=30) or HTP group (n=51).

The clinicopathological characteristics and treatment are shown in Table 1. A total of 81 Asian patients were 
recruited, 71 (87.6%) of whom were male. A large proportion of the patients were with Child-Pugh score of 5 (75.3% 

Table 1 Baseline Characteristics

Characteristics Levels TTP (n=30) HTP (n=51) p

Age, years Median (IQR) 49.5 (45.0 to 57.0) 49.0 (41.0 to 60.0) 0.463
Gender Male 27 (90%) 44 (86.3%) 0.737

Female 3 (10%) 7 (13.7%)

ECOG 0 18 (60%) 26 (51%) 0.578
1 12 (40%) 25 (49%)

HBsAg Negative 2 (6.7%) 7 (13.7%) 0.473
Positive 28 (93.3%) 44 (86.3%)

HBV-DNA 103 14 (63.6%) 21 (42.9%) 0.173

> 103 8 (36.4%) 28 (57.1%)
Liver cirrhosis No 19 (63.3%) 33 (64.7%) 1.000

Yes 11 (36.7%) 18 (35.3%)

AFP, ng/mL 400 12 (40%) 18 (35.3%) 0.853
>400 18 (60%) 33 (64.7%)

DCP, ng/mL 400 10 (33.3%) 7 (14%) 0.078

> 400 20 (66.7%) 43 (86%)
Child Pugh score A (5 points) 23 (76.7%) 38 (74.5%) 1.000

A (6 points) 7 (23.3%) 13 (25.5%)

BCLC stage B 16 (53.3%) 10 (19.6%) 0.004
C 14 (46.7%) 41 (80.4%)

Tumor size, cm 10 21 (70%) 21 (41.2%) 0.023

> 10 9 (30%) 30 (58.8%)
Tumor number Single 9 (30%) 10 (19.6%) 0.427

Multiple 21 (70%) 41 (80.4%)

Tumor involvement Unilobar 12 (40%) 26 (51%) 0.468
Bilobar 18 (60%) 25 (49%)

Vascular invasion Absence 20 (66.7%) 16 (31.4%) 0.004

Presence 10 (33.3%) 35 (68.6%)
Extrahepatic 

metastasis

Absence 24 (80%) 40 (78.4%) 1.000

Presence 6 (20%) 11 (21.6%)

PLT, 10E9/L Median (IQR) 213.0 (168.0 to 287.0) 269.0 (187.5 to 368.0) 0.053
ALT, U/L Median (IQR) 43.1 (32.2 to 67.2) 46.8 (40.0 to 63.8) 0.231

AST, U/L Median (IQR) 48.7 (33.9 to 89.1) 73.5 (48.0 to 110.8) 0.049

Albumin, g/L Median (IQR) 42.2 (36.6 to 44.6) 40.6 (35.9 to 43.8) 0.099
Total bilirubin, μmol/L Median (IQR) 13.6 (9.9 to 18.1) 17.1 (11.3 to 22.5) 0.073

Intervention cycles Median (IQR) 2.0 (2.0 to 4.0) 4.0 (2.5 to 5.0) 0.049

TKI duration, months Median (IQR) 4.0 (1.5 to 12.8) 5.6 (2.2 to 13.3) 0.366
Anti-PD-1 cycles Median (IQR) 4.0 (2.0 to 10.0) 6.0 (4.0 to 9.5) 0.034

Abbreviations: TTP, transarterial chemoembolization plus tyrosine kinase inhibitors and anti-programmed cell-death-protein-1 agent; HTP, 
hepatic infusion chemotherapy plus tyrosine kinase inhibitors and anti-programmed cell-death-protein-1 agent; ECOG, Eastern Cooperative 
Oncology Group performance status; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; AFP, alpha fetoprotein; DCP, des-gamma- 
carboxy prothrombin; BCLC, Barcelona Clinic Liver Cancer; PLT, blood platelet; ALT, alanine aminotransferase; AST, aspartate 
aminotransferase.
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in the two groups). There were higher proportions of patients with BCLC/C (80.4% vs 46.7%, P = 0.004), large tumor 
size (58.8% vs 30%, P = 0.023), vascular invasion (68.6% vs 33.3%, P = 0.004), high AST (73.5 vs 48.7, P = 0.049), and 
more cycles of interventional treatment and anti-PD-1 therapy (4.0 vs 2.0, P = 0.049; 6.0 vs 2.0, P = 0.034) in the HTP 
group than in the TTP group. Thus, the propensity score matching (PSM) was performed to avoid baseline differences. 
After PSM, no significant differences were among the two groups in regard to the variables described above as shown in 
Table S1 (all P >0.05).

The categories of PD-1 inhibitors are summarized in Table S2. The median cycles of TACE in the TTP group were 2 
[interquartile range (IQR), 2–4 cycles] and the median cycles of HAIC in the HTP group were 4 (IQR, 2–5 cycles). The 
median duration of TKI treatment was 4 months (IQR, 2–13 months) in the TTP group and was 6 months (IQR, 2–13 
months) in the HTP group. The median cycles of PD-1 inhibitors treatment were 4 cycles (IQR, 2–10 months) in the TTP 
group and were 6 cycles (IQR, 4–10 cycles) in the HTP group. More patients in the TTP group received subsequent 
ablation than the HTP group (26.7% vs 0%, P<0.001), and fewer patients in the TTP group received subsequent TKIs 
therapy (20.0% vs 45.1%, P = 0.023). The follow-up treatment are shown in Table S3.

Survival
The median follow-up time was 15.9 months. There were no significant differences between the survival outcomes of 
patients in the TTP group and the HTP group. The 6-, 12- and 18-month OS rates were 77%, 67% and 55%, 
respectively, in the TTP group, and 90%, 63% and 49%, respectively, in the HTP group. The mOS was 21.0 months 
in the TTP group and 15.0 months in the HTP group (P = 0.525; HR = 1.23; 95% CI 0.66–2.29). The 6- and 12-, 18- 
PFS rates were 57%, 30% and 20% respectively, in the TTP group, and 69%, 43% and 27% respectively, in the HTP 
group. The mPFS was 6.7 months in the TTP group and 9.9 months in the HTP group (P = 0.160; HR = 0.70; 95% CI 
0.42–1.16). However, the PFS of patients in the HTP group was significantly better than those in the TTP group after 
PSM. The OS rates and PFS rates of 6, 12 and 18 months for TTP group were 71%, 67% and 55% vs 92%, 71% and 
50%, 54%, 25% and 17% vs 75%, 54% and 38% compared to HTP group, respectively. The mOS was 21.0 months in 
the TTP group and 18.0 months in the HTP group (P = 0.644; HR = 1.20; 95% CI 0.56–2.58). The mPFS was 6.4 
months in the TTP group and 15.0 months in the HTP group (P = 0.028; HR = 0.49; 95% CI 0.26–0.93). The survival 
curves are displayed in Figure 2.

The subgroup analyses of OS and PFS are shown in the forest plot (Figure 3). The results of subgroup analyses were 
consistent with those in the whole patients. Generally, compared to TTP, HTP provided a clinical benefit for PFS in 
subgroups with age 50 years, ECOG score of 1, liver cirrhosis, AFP 400ng/mL, Child-Pugh score of 6, tumor 
size>10 cm, vascular invasion and no extrahepatic metastasis. Notably, HTP appeared to particularly benefit patients with 
liver cirrhosis (interaction P = 0.007), Child-Pugh score of 6 (interaction P = 0.001) and no extrahepatic metastasis 
(interaction P = 0.006) in terms of PFS.

Tumor Response
The treatment response is shown in Table 2. According to mRESIST, the ORR was 46.7% in the TTP group and 43.1% in 
the HTP group (P = 0.758), and the DCR was 76.7% in the TTP group and 90.2% in the HTP group (P = 0.116) for 
overall response; whereas the ORR was 46.7% in the TTP group and 47.1% in the HTP group (P = 0.973), and the DCR 
was 80.0% in the TTP group and 94.1% in the HTP group (P = 0.070) for intrahepatic response. Consistently, after PSM, 
the difference was not significant between the ORR and DCR of the TTP group and the HTP group in terms of overall 
response (50.0% vs 45.8%, P = 0.773; 75.0% vs 91.7%, P = 0.121, respectively) and intrahepatic response (50.0% vs 
59.1%, P = 0.536; 79.2% vs 91.7%, P = 0.220, respectively).

Safety
All AEs were mild and treatable and no toxicity-related deaths occurred. The most common treatment-related AEs was 
pain and the most common laboratory-related change was decreased albumin in both groups. It was noteworthy that the 
frequencies of hypoalbuminemia (16 [53.3%] vs 45 [88.2%]; P<0.001) were significantly higher in the HTP group than 
in the TTP group. There was no significant difference in the others AEs rates. The AEs were shown in Table S4.
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Prognostic Factor Analysis
The prognostic factors for survival according to univariate and multivariate analyses are shown in Table 3. The 
comparison of TTP to HTP could not be identified as an independent risk factor for either OS (HR = 0.91; 95% CI 
0.47–1.75; P = 0.774) or PFS (HR = 0.68; 95% CI 0.38–1.20; P = 0.184) in multivariate analysis, which contained all the 
significant variables from the univariate analysis.

Discussion
Despite the emergence of interventional chemotherapy, targeted therapy and immunotherapy, patients with intermediate- 
advanced HCC still have a poor prognosis. Increasing research explored the combination of interventional treatment and 
systemic therapies, and proved the efficacy of triple-combination therapy in intermediate-to-advanced HCC patients. 
However, to date, there are no comparisons between the combination of TACE with TKIs and PD-1 inhibitors and the 
combination of HAIC with TKIs and PD-1 inhibitors. Here we demonstrated comparable survival benefits and tumor 
response rates achieved by the combination therapies based on TTP or HTP for unresectable HCC patients.

Figure 2 Kaplan–Meier curves of overall survival and progression-free survival. (A) Overall survival. (B) Progression-free survival. (C) Overall survival after propensity 
score matching. (D) Progression-free survival after propensity score matching. 
Abbreviations: TTP, transarterial chemoembolization plus tyrosine kinase inhibitors and anti-programmed cell-death-protein-1 agent; HTP, hepatic infusion chemotherapy 
plus tyrosine kinase inhibitors and anti-programmed cell-death-protein-1 agent.
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It has frequently been reported that TACE- and HAIC-based triple combination therapies are adopted as a treatment for 
advanced HCC patients. The reported mOS was 19.8 to 24.1 months for TTP and was 15.9 to not reached for HTP.20–23 

Consistent with our study, TACE- and HAIC-based combination therapies brought favorable and satisfying survival 

Figure 3 Forest plot for survival outcomes. 
Abbreviations: TTP, transarterial chemoembolization plus tyrosine kinase inhibitors and anti-programmed cell-death-protein-1 agent; HTP, hepatic infusion chemotherapy 
plus tyrosine kinase inhibitors and anti-programmed cell-death-protein-1 agent.

Table 2 Summary of Best Response

Variable Before PSM After PSM

TTP (n=30) HTP (n=51) p TTP (n=24) HTP (n=24) p

No. (%) No. (%) No. (%) No. (%)

Overall Response
Complete response 2 (6.7) 1 (2.0) 0.552 2 (8.3) 0 (0) 0.489

Partial response 12 (40.0) 21 (41.2) 0.917 10 (41.7) 11 (45.8) 0.771

Stable disease 9 (30.0) 24 (47.1) 0.131 6 (25.0) 11 (45.8) 0.131
Progressive disease 5 (16.7) 3 (5.9) 0.139 5 (20.8) 1 (4.2) 0.188

Not assessable 2 (6.7) 2 (3.9) 0.624 1 (4.2) 1 (4.2) 1.000

Overall response rate 14 (46.7) 22 (43.1) 0.758 12 (50.0) 11 (45.8) 0.773
Disease control rate 23 (76.7) 46 (90.2) 0.116 18 (75.0) 22 (91.7) 0.121

Intrahepatic Response
Complete response 2 (6.7) 2 (3.9) 0.624 2 (8.3) 0 (0) 0.489
Partial response 12 (40.0) 22 (43.1) 0.782 10 (41.7) 13 (59.1) 0.386

Stable disease 10 (33.3) 24 (47.1) 0.227 7 (29.2) 9 (37.5) 0.540

Progressive disease 4 (13.3) 1 (2.0) 0.060 4 (16.7) 1 (4.2) 0.348
Not assessable 2 (6.7) 2 (3.9) 0.624 1 (4.2) 1 (4.2) 1.000

Overall response rate 14 (46.7) 24 (47.1) 0.973 12 (50.0) 13 (59.1) 0.536

Disease control rate 24 (80.0) 48 (94.1) 0.070 19 (79.2) 22 (91.7) 0.220

Abbreviations: TTP, transarterial chemoembolization plus tyrosine kinase inhibitors and anti-programmed cell-death-protein-1 agent; HTP, hepatic 
infusion chemotherapy plus tyrosine kinase inhibitors and anti-programmed cell-death-protein-1 agent; PSM, propensity score matching.
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Table 3 Univariate and Multivariate Analysis of Risk Factors for Overall Survival and Progression-Free Survival

Variables Overall Survival Progression-Free SURVIVAL

Univariate Multivariate Univariate Multivariate

HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p

Age (years), (≤/>50) 0.97 (0.55–1.71) 0.923 0.84 (0.51–1.38) 0.501

Sex, (female/male) 0.94 (0.37–2.37) 0.893 1.26 (0.62–2.54) 0.528
ECOG score (0/1) 1.71 (0.97–3.01) 0.062 1.48 (0.91–2.41) 0.112

Hepatitis B, (no/yes) 1.89 (0.68–5.26) 0.225 1.07 (0.49–2.35) 0.858

Liver cirrhosis (no/yes) 0.71 (0.38–1.30) 0.263 0.68 (0.40–1.15) 0.147
PLT (10E9/L), (≤/>100) 2.06 (0.28–14.93) 0.476 0.10 (0.03–0.37) <0.001 0.07 (0.02–0.27) <0.001

ALT (U/L), (≤/>50) 1.40 (0.80–2.45) 0.244 0.93 (0.56–1.52) 0.759

AST (U/L), (≤/>50) 3.66 (1.86–7.20) <0.001 3.22 (1.56–6.66) 0.002 1.99 (1.19–3.35) 0.009 2.22 (1.22–4.03) 0.009
AFP (ng/mL), (≤/>400) 2.28 (1.22–4.28) 0.010 1.66 (0.86–3.24) 0.133 1.92 (1.14–3.25) 0.014 2.21 (1.21–4.01) 0.009

Child–Pugh score (5/6) 0.97 (0.50–1.86) 0.921 0.77 (0.43–1.37) 0.374

BCLC (B/C) 1.13 (0.61–2.08) 0.695 1.08 (0.65–1.81) 0.76
Tumor size (cm), (≤/>10) 1.55 (0.89–2.72) 0.124 1.26 (0.78–2.05) 0.347

Tumor number (1/>1) 1.51 (0.75–3.03) 0.250 1.34 (0.74–2.44) 0.329

Tumor involvement (unilobar/bilobar) 1.31 (0.74–2.30) 0.351 1.49 (0.91–2.42) 0.113
Vascular invasion (no/yes) 1.22 (0.69–2.15) 0.495 1.04 (0.64–1.69) 0.871

Extrahepatic metastasis (no/yes) 1.44 (0.75–2.77) 0.273 2.22 (1.25–3.95) 0.007 3.50 (1.81–6.77) <0.001

Treatment (TTP/HTP) 1.23 (0.66–2.29) 0.524 0.91 (0.47–1.75) 0.774 0.70 (0.42–1.16) 0.163 0.68 (0.38–1.20) 0.184

Abbreviations: ECOG, Eastern Cooperative Oncology Group performance status; PLT, blood platelet; ALT, alanine aminotransferase; AST, aspartate aminotransferase; AFP, alpha fetoprotein; BCLC, Barcelona Clinic Liver Cancer; TTP, 
transarterial chemoembolization plus tyrosine kinase inhibitors and anti-programmed cell-death-protein-1 agent; HTP, hepatic infusion chemotherapy plus tyrosine kinase inhibitors and anti-programmed cell-death-protein-1 agent.
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benefits in the treatment of advanced HCC, though significant differences in tumor response and survival outcomes between 
the two groups were not reached. However, the differences should not be ignored for they might be caused by the limited 
number of cases.

There are rationales for the triple-combination therapy. First, interventional therapies result in hypoxia microenviron-
ment and elevated expression of VEGF.28 TKIs can target VEGF and eliminate tumor angiogenesis after interventional 
therapies.29 In addition, the combination of TKIs and PD-1 inhibitors can reduce tumor volume by promoting normal-
ization of blood vessels and breaking the hypoxic microenvironment.30 Second, due to the intrinsic immune tolerance of 
liver, the immune response to tumor is decreased.31 TACE and HAIC induce the release of tumor antigens through 
immunogenic cell death of tumor cells, and switch the immunosuppressive “cold” tumor to an immunogenic “hot” tumor 
by reshaping the immune microenvironment, thus enhance the efficacy of systemic therapies.29,30,32–36

Intriguingly, HTP significantly improved mPFS (10.0 months vs 6.8 months, P = 0.160 before PSM; 15.0 months vs 
6.4 months, P = 0.028 after PSM) compared with TTP (Figure 2). In the subgroups analysis (Figure 3), patients accepted 
HTP treatment with age 50 years, ECOG score of 1, liver cirrhosis, AFP 400ng/mL, Child-Pugh score of 6, tumor 
size>10 cm, vascular invasion and no extrahepatic metastasis had better PFS than those who accepted TTP treatment (P < 
0.05). Furthermore, a trend of superior DCR seemed to be demonstrated in the HTP group compared to the TTP group 
(90.2% vs 76.7%, P = 0.116 for overall response before PSM; 94.1% vs 80.0%, P = 0.070 for intrahepatic response 
before PSM; 91.7% vs 75.0%, P = 0.121 for overall response after PSM; 91.7% vs 79.2%, P = 0.220 for intrahepatic 
response after PSM) (Table 2). The main reason might be the continuous infusion of chemotherapeutic drugs, rather than 
embolization, can ensure the adequate local drug concentration and eliminate the micrometastasis in liver parenchyma, 
thus controlling intrahepatic lesions. However, compared with TTP, HTP did not prolonged OS in both the whole 
participants analysis and the subgroup analysis. This finding might be attributed to the unbalance of the baseline 
characteristics: higher proportions of patients with BCLC/C (80.4% vs 46.7%, P = 0.004), large tumor size (58.8% vs 
30%, P = 0.023), vascular invasion (68.6% vs 33.3%, P = 0.004) erased the contribution of HTP treatment (Table 1). 
Even after PSM, there seemly were still higher proportions of patients with BCLC/C (66.7% vs 50.0%, P = 0.380), large 
tumor size (54.2% vs 37.5%, P = 0.385), vascular invasion (62.5% vs 37.5%, P = 0.149) (Table S1). Although TKIs and 
PD-1 inhibitors was combined, HAIC has limited ability to control the progression of extrahepatic lesions as 
a locoregional approach, and therefore might produce comparable benefit for survival in patients with very late-stage 
HCC.

As for safety, the AEs in the two groups were consistent with others studies. Li et al reported that the TACE group 
had significantly higher frequencies fever, elevated ALT, elevated AST, and hyperbilirubinemia, while more patients 
treated with HAIC had diarrhea, sensory neuropathy, and hypoalbuminemia.16 Guo et al reported that the most common 
AEs in the patients received TACE followed by systemic treatment was hepatic dysfunction.22 He et al reported that the 
following AEs were more frequent in the patients treated with HAIC, lenvatinib plus toripalimab than in the lenvatinib 
group: neutropenia, thrombocytopenia, nausea, elevated alanine aminotransferase, elevated aspartate aminotransferase, 
hyperbilirubinemia and hypoalbuminemia.20 In our study, patients treated with TTP had significantly higher frequencies 
of grade 3/4 elevated ALT related to embolization. Conversely, significantly higher frequencies of any grade hypoalbu-
minemia were observed in patients treated with HTP, which might be owing to the cytotoxic chemotherapeutic agents or 
the worse liver function before treatment. Of note, the above AEs were manageable and could be reduce by dose 
modification or treatment interruption. In general, the impaired liver function due to the embolization of hepatic arteries 
or continuous infusion of chemotherapeutics was similar.

Nonetheless, the present study had some limitations. First, this retrospective study was single-center and had limited 
cases. Second, there are many factors unbalance between TTP group and HTP group. In retrospective studies, baseline 
imbalances are often unavoidable and may be due to insufficient patient numbers. Moreover, patients enrolled in our 
study received different categories of TKIs and anti-PD-1 agents, which might lead to biases of the treatment procedure. 
In addition, the subsequent therapies after the combination therapies varied in both groups, which may also influence the 
survival outcomes. A multicenter and randomized controlled trials should be implemented to further investigate the 
comparison of these triple-combination therapies for higher level medical evidence in the future.
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Conclusion
In conclusion, the clinical outcomes of HAIC combined with TKIs and PD-1 inhibitors are comparable to TACE-based 
combination therapy for intermediate-to-advanced HCC. Nevertheless, HTP significantly improved the PFS benefits with 
acceptable toxicities in HCC patients with large tumor burden or vascular invasion.
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