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Purpose: Recently, hepatic arterial infusion chemotherapy (HAIC) has also gained popularity for hepatocellular carcinoma (HCC). 
Several studies have compared HAIC and Transarterial chemoembolization (TACE). However, comparisons between TACE plus 
HAIC and HAIC are rarely reported. Here, we evaluated the performance of HepaSphere DEB-TACE combined with HAIC (Hepa- 
HAIC) compared to HAIC in patients with advanced HCC.
Patients and Methods: In this retrospective study, we enrolled 167 patients diagnosed with advanced HCC and treated at Peking University 
Cancer Hospital from May 2018 to May 2022. The cohort comprised 74 patients who received HepaSphere DEB-TACE combined with HAIC- 
FOLFOX (Hepa-HAIC) and 93 patients who received HAIC-FOLFOX. Over 60% of patients received prior treatments. To avoid selection 
bias, propensity score matching was applied to the efficacy and safety analyses. The primary endpoints are progression-free survival (PFS) and 
overall survival (OS); the secondary endpoints include objective response rate (ORR), disease control rate (DCR), and safety.
Results: Propensity-matching yielded 48 pairs, and group baselines were almost equal after matching. Median PFS and median OS were 
both higher in the matched Hepa-HAIC cohort (median PFS: 8.9 vs 5.8 months, p = 0.035; median OS: 22.4 vs 9.5 months, p = 0.027), which 
was consistent with pre-matching analysis. The ORR in the Hepa-HAIC and HAIC cohorts was 75.0% and 37.5%, respectively; the DCR 
was 93.8% after Hepa-HAIC and 81.3% after HAIC. There was no treatment-related death. Grade 3–4 ALT elevation was more frequent in 
the Hepa-HAIC group (33.3% vs 8.3%, p = 0.003), while vomiting was more frequent in the HAIC group (29.2% vs 12.5%, p = 0.084).
Conclusion: The Hepa-HAIC group is superior to the HAIC group in metrics of PFS, OS, ORR, and DCR, which indicates the 
combination of HepaSphere DEB-TACE and HAIC may lead to improved outcomes with a comparable safety profile in advanced HCC.
Keywords: transarterial chemoembolization, advanced hepatocellular carcinoma, hepatic arterial infusion chemotherapy, propensity score 
matching

Introduction
Hepatocellular carcinoma (HCC) is the most common primary liver cancer and a leading cause of cancer-related deaths 
worldwide.1 More than 70% of patients with HCC are diagnosed with advanced disease, which is a challenging clinical 
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scenario.2 Transarterial chemoembolization (TACE) and hepatic arterial infusion chemotherapy (HAIC) are two widely used 
locoregional therapies for the treatment of advanced HCC.3

Atezolizumab and bevacizumab are the preferred first-line treatments for advanced HCC, with a median overall survival (OS) 
of 19.2 months and a median progression-free survival (PFS) of 6.9 months.4 Lenvatinib is an optional first-line treatment for 
unresectable HCC, with a median survival time of 13.6 months.5 Treatment with regorafenib and cabozantinib is a second-line 
option for patients with HCC, with a median OS of 10.2–10.6 months and a significantly longer OS than with placebo.6,7 As all 
currently approved and recommended clinical trials of second-line agents have been conducted in populations after progression 
on first-line sorafenib, treatment selection following resistance to first-line ICI and targeted therapy remains a challenge. The 
choice of second-line therapy after first-line (ICI combined with targeted treatment) is empirical and largely depends on drug 
safety, patient comorbidities, physician and patient preferences, and local reimbursement policies.In advanced HCC, there is an 
urgent need for additional treatment options for HCC that has already received targeted treatment and immunotherapy.

DEB-TACE (Drug-Eluting Bead Transarterial Chemoembolization) and HAIC (Hepatic Arterial Infusion Chemotherapy) 
are common treatments for unresectable HCC; the efficacy is less certain for HAIC alone or DEB-TACE combined with 
HAIC. DEB-TACE is a minimally invasive procedure that delivers chemotherapy drugs directly to the tumor through the 
hepatic artery and is often used to treat patients who are not candidates for surgery or liver transplantation.8,9

HAIC delivers high doses of chemotherapy drugs directly to the tumor through the hepatic artery and has demonstrated 
efficacy in unresectable HCC.10–12 TACE combined with HAIC, also known as TACE-HAIC, is a multimodal approach for the 
treatment of HCC. This combination therapy has shown improved treatment outcomes in patients with unresectable HCC.13–16

Here, we pursue improved treatments for advanced HCC by evaluating the efficacy and safety of DEB-TACE 
combined with HAIC and HAIC alone.

Materials and Methods
Study Design and Patient Selection
This single-center retrospective study was approved by the Research Ethics Committee of our hospital (2023YJZ76), and 
the requirement for informed consent was waived because this was a retrospective study involving no interventions and 
because all data were deidentified. Patient data and confidentiality were respected by the Declaration of Helsinki.

We reviewed data from 167 patients with advanced HCC who underwent HAIC alone (HAIC group) or HepaSphere 
DEB-TACE combined with HAIC (Hepa-HAIC group) from May 2018 to May 2022. All patients were diagnosed based 
on their pathology findings or using the criteria of the American Association for the Study of Liver Disease (AASLD).17

Study participants were enrolled based on specific inclusion and exclusion criteria. Inclusion criteria were: advanced HCC, 
aged 18–85 years, Child–Pugh grade A–B, an Eastern Cooperative Oncology Group-Performance Status (ECOG-PS) ≤ 2, and at 
least one measurable intrahepatic lesion according to the modified response evaluation criteria in solid tumors (mRECIST).18 

Exclusion criteria were: patients receiving other antitumor therapies (ie, chemotherapy, immunotherapy, or targeted therapy), 
portal hypertension with massive ascites, patients with missing data on their first imaging assessments, and those who were lost to 
follow-up.

Drug-Eluting Bead Transarterial Chemoembolization (DEB-TACE)
Pre-procedural imaging techniques, such as computed tomography (CT) or magnetic resonance imaging (MRI), were 
used to assess tumor size, location, and vascular supply. The Seldinger technique was used to access the femoral artery 
after an injection of a local anesthetic.

HepaSphere microspheres are expandable biocompatible microspheres made of sodium acrylate/vinyl alcohol copo
lymer with an estimated loading capacity of 40–60 mg/vial of beads. The chemotherapeutic solution was mixed with 
physiologic saline or nonionic isotonic contrast medium (270 mg/mL Visipaque [iodixanol]; Amersham Health) in direct 
contact with the dehydrated microspheres by injecting the mixture directly into the vacuum-sealed vial of HepaSphere. 
After at least 20 min, >90% of the chemotherapeutic solution had been absorbed by the microspheres. The drug-loaded 
microspheres were then aspirated from the vial, and additional contrast medium or saline was added to obtain a final 
injectable volume of 20 mL.
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The arterial branches feeding the tumor were selectively cannulated by microcatheters to proceed with TACE and to 
ensure better preservation of the surrounding nontumoral liver tissue. Spheres were injected far from the origin of the 
gastroduodenal, right gastric, and cystic arteries.

TACE was administered as a slow injection of the HepaSphere microsphere mixture loaded with chemotherapeutic agent 
and the nonionic isotonic contrast medium, which improves the radiopacity of the mixture for a controlled injection under 
fluoroscopic guidance. We avoided any reflux that may have occurred and revealed contrast graphic impregnation within and 
around the target lesions, up to the complete embolization of the arteries feeding the lesions, thus preserving the blood flow of 
the main artery to perform HAIC. In cases with multiple large or diffuse lesions, the embolization was done in 2–3 stages to 
prevent hepatic infarction or failure. Patients received intravenous analgesic and antiemetic medications before the procedure.

Hepatic Arterial Infusion Chemotherapy
For the patients who underwent HepaSphere DEB-TACE combined with HAIC (Hepa-HAIC) or HAIC alone, the tip of a 2.4 
French microcatheter was set at the proper hepatic artery, with appropriate placement confirmed using DSA (Innova 4100IQ; 
General Electric Company, Boston, MA, USA). The right gastric, gastroduodenal, and posterior superior pancreaticoduodenal 
arteries were occluded with coils (Boston Scientific, Marlborough, MA, USA) to prevent gastroduodenal ulcers caused by 
anticancer agents. The catheter was then safely secured to the skin to prevent shifting.

An artery infusion pump was connected to the microcatheter to administer HAIC in the ward. Oxaliplatin (OXA) (60 mg/m2 

for the Hepa-HAIC group; 85 mg/m2 for the HAIC group) was administered intra-arterially for 4 h, leucovorin (200 mg/m2) was 
administered intravenously for 2 h, and 5-fluorouracil (5-FU) (1.2 g for the Hepa-HAIC group; 2.4 g/m2 for the HAIC group) was 
administered intra-arterially for 20 h. Hepa-HAIC was repeated at intervals of 4–6 weeks and HAIC was performed every 3–4 
weeks if the treatment produced a response; treatment continued until the intrahepatic lesions progressed or toxicity became 
unacceptable Hepa-HAIC and HAIC were administered until complete remission, disease progression, the occurrence of 
intolerable toxicity, or withdrawal from treatment at the patient’s request.

Follow-Up
Adverse effects were recorded as the number of patients with any adverse effect(s), or of particular adverse effects. Safety was 
assessed among all the patients treated using the Common Terminology Criteria for Adverse Events (CTCAE - Version 5.0) to 
evaluate the severity of adverse events of Hepa-HAIC or HAIC. Within 1–2 weeks after treatment, the patients underwent 
physical examinations and blood tests to assess their hematologic profiles and liver function, and to perform coagulation screens. 
In addition, the serum concentration of alpha-fetoprotein was checked every 4–6 weeks. Abdominal contrast-enhanced three- 
phase dynamic spiral CT or MRI and chest CT were performed to evaluate efficacy after each treatment cycle using RECIST 1.0.

Tumor Response and Survival Assessments
The primary endpoints are PFS and OS. PFS was defined as the time from date of treatment initiation until progression and OS 
was defined as the interval between the time of treatment initiation and death or the last follow-up assessment. Progressive 
disease (PD) was defined as tumor progression and clinical symptom progression after Hepa-HAIC or HAIC. The secondary 
endpoint includes objective response rate (ORR), disease control rate (DCR), and safety. ORR was defined as CR plus PR, 
whereas DCR was defined as the best tumor response of CR plus PR plus SD. A tumor’s response was assessed using the 
Mrecist.18 Assessment was performed by two experienced radiologists, both with >10 years of experience.

Statistical Analyses
Continuous variables were analyzed using the Wilcoxon rank-sum test and the independent t-test, while categorical variables 
were analyzed using the chi-square test and Fisher’s exact test. To reduce selection bias and the impact of possible confounds 
related to the clinical features of the groups, propensity score matching (PSM) was employed.19 To estimate the propensity 
scores, logistic regression was used to forecast the likelihood that patients will fall into the Hepa-HAIC group. Age, sex, 
hepatitis, Child-Pugh score, previous treatment, ECOG-PS score, intrahepatic tumor size, extrahepatic metastasis, AFP, tumor 
number, and vein invasion were balanced by p <0.05.
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The Kaplan-Meier technique, the Log rank test, and Cox proportional hazards regression models were used to 
estimate OS and PFS. Statistical analyses were conducted using IBM®SPSS® software (v.22.0; IBM Corporation, 
Armonk, NY, USA) and R (v.2.15.x; The R Foundation for Statistical Computing, Vienna, Austria). P-values <0.05 
were considered statistically significant.

Results
Patient Characteristics
In total, 167 patients satisfied the inclusion criteria for this trial between May 2018 and May 2022, with 74 receiving 
Hepa-HAIC treatment and 93 receiving HAIC treatment (Figure 1). The mean number of treatments for patients of the 
Hepa-HAIC and HAIC groups was 4.1±2.8 and 3.5±2.4, respectively. Follow-ups lasted through December 2022. This 
study had 94 patients (56.3%) with tumor sizes > 5 cm and 88 patients (62.7%) with vein invasion. There were 158 
patients (94.6%) who had received previous treatment, that including immunotherapy and TKIs. Hepatitis B virus 
infection (HBV) was the primary cause of HCC (85.0%).

All patients with BCLC stage C in our study received TACE, tyrosine kinase inhibitors, or immune checkpoint 
inhibitors. A significant difference in the percentage of vein invasion was noted between the two groups before matching 
(Table 1). After PSM, we were able to create matched cohorts of 48 patients each. The baseline characteristics are shown 
in Table 2, and there was no significant difference between the two groups.

Figure 1 Protocol of this study. 
Abbreviations: HCC, Hepatocellular carcinoma; HAIC, hepatic arterial infusion chemotherapy; PSM, propensity score matching; OS, overall survival; PFS, progression-free 
survival; ORR, objective response rate; AE, adverse event.

Table 1 Baseline Characteristics of Patients with Advanced HCC 
(Before PSM)

Characteristic Hepa-HAIC 
(n=74)

HAIC 
(n=93)

p

Age(y) 0.691

≤65 46 (62.2) 55 (59.1)
>65 28 (37.8) 38 (40.9)

Gender 0.309

Male 64 (86.5) 85 (91.4)
Female 10 (13.5) 8 (8.6)

ECOG 0.703

0 38 (51.4) 45 (48.4)
1 36 (48.6) 48 (51.6)

(Continued)
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Table 1 (Continued). 

Characteristic Hepa-HAIC 
(n=74)

HAIC 
(n=93)

p

Hepatitis 0.256
No 6 (8.1) 8 (8.6)

HBV 60 (81.1) 82 (88.2)

HCV 4 (5.4) 4 (4.3)
Both 4 (5.4) 1 (1.1)

Child-Pugh 0.108

A 71 (96.0) 83 (89.2)
B 3 (4.0) 10 (10.8)

AFP (ng/mL) 0.83

≤400 51 (68.9) 68 (73.1)
>400 23 (31.1) 25 (26.9)

Tumor number 0.887

Single 15 (20.3) 17 (18.3)
Multiple 59 (79.7) 76 (81.7)

Tumor size (cm) 0.405

≤5 35 (47.3) 38 (40.9)
>5 39 (52.7) 55 (59.1)

Vein invasion <0.001

Yes 27 (63.5) 61 (65.6)
No 47 (36.5) 32 (34.4)

Previous treatment 0.736
No 3 (4.0) 6 (6.5)

Yes 71 (96.0) 87 (93.5)

Extrahepatic metastasis 0.071
No 39 (52.7) 36 (38.7)

Yes 35 (47.3) 57 (61.3)

Abbreviations: AFP, alpha fetoprotein; ECOG PS, Eastern Cooperative Oncology 
Group.

Table 2 Baseline Characteristics of Patients with Advanced HCC 
(After PSM)

Characteristic Hepa-HAIC  
(n=48)

HAIC  
(n=48)

p

Age 1.00

≤65 31 (64.6) 31 (64.6)

>65 17 (35.4) 17 (35.4)
Gender 0.486

Male 42 (87.5) 45 (93.8)

Female 6 (12.5) 3 (6.2)
ECOG PS 1.000

0 23 (47.9) 23 (47.9)

1 25 (52.1) 25 (52.1)
Hepatitis 0.416

No 3 (6.3) 5 (10.4)

HBV 41 (85.4) 42 (87.5)
HCV 2 (4.2) 1 (2.1)

Both 2 (4.2) 0 (0)

(Continued)

Journal of Hepatocellular Carcinoma 2024:11                                                                                    https://doi.org/10.2147/JHC.S452120                                                                                                                                                                                                                       

DovePress                                                                                                                         
481

Dovepress                                                                                                                                                               Liu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

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


Efficacy
For all patients, the median follow-up time was 24.2 months (range 1.9–46.8 months). During follow-up, 59 of 96 patients 
died; the median OS in the Hepa-HAIC group (22.4 months) was longer than that in the HAIC group (9.5 months) after 
PSM (p = 0.027) (Figure 2A). The median PFS was significantly higher for patients who received Hepa-HAIC than HAIC 
(8.9 months vs 5.8 months, p = 0.035) alone (Figure 2B). The ORR in Hepa-HAIC and HAIC cohorts was 75.0% and 37.5% 
(p < 0.001), respectively; the DCR was 93.8% after Hepa-HAIC and 81.3% after HAIC (p < 0.001). Specific values are 
shown in Table 3. Subgroup comparisons of OS (Figure 3A) and PFS (Figure 3B) for the prespecified subgroups sex, age, 

Table 2 (Continued). 

Characteristic Hepa-HAIC  
(n=48)

HAIC  
(n=48)

p

Child-Pugh 0.317
A 45 (93.8) 41 (85.4)

B 3 (6.2) 7 (14.6)

AFP (ng/mL) 0.181
≤400 41 (85.4) 45 (93.8)

>400 7 (15.6) 3 (6.3)

Tumor number 0.537
Single 5 (10.4) 7 (14.6)

Multiple 43 (89.6) 41 (85.4)

Tumor size (cm) 0.297
≤5 22 (45.8) 16 (33.3)

>5 26 (33.3) 32 (66.7)

Vein invasion 0.404
Yes 27 (56.3) 31 (64.6)

No 21 (43.7) 17 (35.4)

Previous treatment 1.0
Yes 46 (95.8) 45 (93.8)

No 2(4.2) 3 (6.2)

Extrahepatic metastasis 0.157
No 15 (31.3) 9 (18.7)

Yes 33 (68.8) 39 (81.3)

Abbreviations: AFP, alpha fetoprotein; ECOG PS, Eastern Cooperative Oncology 
Group.

Figure 2 Overall survival curves (A) and progression-free survival curves (B) for patients who received Hepa-HAIC and HAIC.
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ECOG, hepatitis, Child-Pugh, AFP, previous treatment, vein invasion, extrahepatic metastasis, tumor size, and tumor 
number are shown in. Multivariate analyses of the matched cohort (n=96) showed that Hepa-HAIC p=0.030) was 
independent prognostic factor associated with OS (Table 4). Multivariate analyses showed that Hepa-HAIC (p = 0.017) 
and the age (p = 0.009) were independent prognostic factors associated with PFS (Table 5).

Safety
Adverse events were generally manageable in both groups. The most common grade 1 or 2 adverse events in the 
Hepa-HAIC group included fever (71.7%), vomiting (56.3%), and elevated aminotransferase. The most common 
grade 3 or 4 adverse events were thrombocytopenia (14.6% in Hepa-HAIC group; 20.8% in HAIC group) and 
elevated TBIL (22.9% in Hepa-HAIC group; 41.7% in HAIC group). Grade 3–4 ALT elevation was more frequent in 
the Hepa-HAIC group (33.3% vs 8.3%, p = 0.003) while vomiting was more frequent in the HAIC group (29.2% vs 
12.5%, p = 0.084). There was no treatment-related death. In addition, despite repeated punctures, no serious vascular 
problems were seen (Table 6).

Discussion
Advanced HCC is associated with a very poor prognosis, and localized treatments such as TACE, HAIC, and radio
therapy are critical. Atezolizumab combined with bevacizumab, lenvatinib, and sorafenib have been the first-line 
treatments for advanced HCC,4,5,20 with regorafenib and cabozantinib as second-line treatment.6,7 Targeted combination 
immunotherapies have been increasingly administered to patients worldwide, especially in Asian countries, and are 

Table 3 Tumor Response

Response (By mRECIST) Matched Cohort (n=96)

Hepa-HAIC (n=48) TACE (n=48) P value

Complete response 4 (8.3) 2 (4.2) <0.001

Partial response 32 (66.7) 16 (33.3) <0.001
Stable disease 9 (18.8) 21 (43.8) 0.012

Objective response rate 36 (75.0) 18 (37.5) <0.001

Disease control rate 45 (93.8) 39 (81.3) 0.002

Figure 3 Treatment effect on overall survival (A) and progression-free survival (B) by subgroup.
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significantly improving patients’ survival.4,21,22 However, more follow-up studies are needed on HCC patients who have 
received targeted and immunotherapy.

TACE and HAIC have shown promising results in patients with unresectable HCC, particularly in Asian countries 
where it has been extensively utilized.11,12,23 Regarding the efficacy of TACE and HAIC in treating HCC, there has been 
continued attention,14–16,24 but few studies have evaluated the efficacy and safety of Hepa-HAIC compared to HAIC 
alone in patients with advanced HCC, especially those who have received systemic therapy. Therefore, we conducted this 
study.

In our study, the median OS (22.4 months vs 9.0 months, p = 0.027) and the median PFS (8.9 vs 5.8 months, 
P = 0.035) in the Hepa-HAIC group was longer than that in the HAIC group after PSM. With regorafenib and 
cabozantinib as the second-line treatment for patients with HCC, the median OS was 10.2–10.6 months and the median 

Table 4 Univariate and Multivariate Analysis of Risk Factors for OS (After PSM)

Characteristic Overall Survival

Univariate Analysis Multivariate Analysis

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

Treatment 0.560 (0.330–0.950) 0.027 0.560 (0.332–0.946) 0.030

Age, year (≤/>65) 1.300 (0.760–2.210) 0.344

Gender (male/female) 1.160 (0.490–2.730) 0.734
ECOG PS (0/1) 0.972 (0.561–1.685) 0.920

Hepatitis (no/yes) 0.602 (0.289–1.255) 0.172 0.691 (0.321–1.491) 0.347

Child-Pugh (A/B) 1.450 (0.860–2.430) 0.164 0.905 (0.349–2.349) 0.838
AFP, ng/mL (≤/>400) 1.048 (0.627–1.749) 0.859

Tumor number (single/multiple) 1.399 (0.695–2.818) 0.347

Tumor size, cm (≤/>5) 1.121 (0.658–1.912) 0.673
Vein invasion (yes/no) 1.415 (0.823–2.433) 0.202

Previous treatment (no/yes) 0.927 (0.549–1.566) 0.777

Extrahepatic metastasis (yes/no) 1.167 (0.649–2.099) 0.603

Abbreviations: HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group; AFP, alpha 
fetoprotein.

Table 5 Univariate and Multivariate Analysis of Risk Factors for PFS (After PSM)

Progression-free Survival

Characteristic Univariate Analysis Multivariate Analysis

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

Treatment 0.633 (0.409–0.982) 0.035 0.580 (0.372–0.906) 0.017

Age, year (≤/>65) 1.699 (1.076–2.684) 0.026 1.859 (1.168–2.959) 0.009
Gender (male/female) 1.524 (0.753–3.086) 0.241

ECOG PS (0/1) 1.524 (0.753–3.086) 0.265

Hepatitis (no/yes) 0.856 (0.457–1.603) 0.626
Child-Pugh (A/B) 0.664 (0.268–1.647) 0.377

AFP, ng/mL (≤/>400) 1.281 (0.826–1.985) 0.268

Tumor number (single/multiple) 1.402 (0.711–2.765) 0.330
Tumor size, (≤/>5 cm) 0.942 (0.597–1.486) 0.798

Vein invasion (yes/no) 1.310 (0.831–2.067) 0.245

Previous treatment 0.942 (0.596–1.488) 0.798
Extrahepatic metastasis (yes/no) 1.106 (0.670–1.828) 0.693

Abbreviations: HR, hazard ratio; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group; AFP, alpha 
fetoprotein.
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PFS was 3.1–5.2 months.6,7 A retrospective study found a median PFS of 3.1 months and a median OS of 8.3 months in 
HCC patients treated with GEMOX after sorafenib progression,25 while HAIC with FOLFOX results in a longer OS (9.0 
vs 5.9 months) than intravenous FOLFOX4.26

Second-line combination therapy may offer better survival for patients who have received immunotherapy and 
targeted therapy.25 Hepa-HAIC therapy may achieve a longer PFS and OS by providing an effective, low-toxicity 
treatment option. It is challenging to reduce tumor blood supply in a blood-rich HCC without TACE or targeted therapy. 
The dose of OXA and 5-FU was lower in the Hepa-HAIC group than the HAIC group (OXA: 60 vs 85 mg/m2; 5-FU: 1.0 
vs 1.5 g/m2). In the HAIC group, patients were treated every 3–4 weeks, while Hepa-HAIC patients received treatment 
every 6 weeks. Lower chemotherapy doses and extended treatment intervals can facilitate longer recuperation periods. 
Hepatic sinusoidal obstruction syndrome (HSOS) induced by OXA has become a key concern for patients with CRC 
receiving OXA chemotherapy in recent years.27 Notably, HSOS caused by OXA is significantly correlated with both the 
cumulative dose of drugs and the treatment cycle.28,29

Table 6 Treatment-Related Adverse Events in the Groups (Matched)

Hepa-HAIC 
(n=48)

HAIC group 
(n=48)

P

Any grade 3–4 13 (27.1) 14 (29.2) 0.820

Blood suppression
Leukopenia

Grade 1–2 14 (29.2) 12 (25.0) 0.420

Grade 3–4 1 (2.1) 2 (4.2) 1.000

Reduced hemoglobin
Grade 1–2 11 (22.9) 10 (20.8) 0.926

Grade 3–4 2 (4.2) 1 (2.1) 1.000
Thrombocytopenia

Grade 1–2 14 (29.2) 12 (25.0) 0.859

Grade 3–4 7 (14.6) 10 (20.8) 0.423
Constitutional symptom
Fever

Grade 1–2 43 (89.6) 41 (85.4) 0.537
Grade 3–4 3 (6.3) 0 (0.0) 0.241

Indigestion
Vomiting

Grade 1–2 27 (56.3) 19 (39.6) 0.102

Grade 3–4 0 (0) 3 (6.3) 0.241

Hepatic function
Elevated ALT/AST

Grade 1–2 27 (56.3) 19 (39.6) 0.102

Grade 3–4 17 (35.4) 3 (6.3) <0.001
Elevated TBIL

Grade 1–2 20 (41.7) 10 (20.8) 0.028

Grade 3–4 11 (22.9) 20 (41.7) 0.049
Hypertension

Grade 1–2 9 (18.8) 12 (25.0) 0.493

Grade 3–4 0 (0) 0 (0) 1.000
Vomit

Grade 1–2 7 (14.6) 14 (29.2) 0.084

Grade 3–4 0 (0) 0 (0) 1.000

Note: Statistical significance was assessed with the χ2 test or the Fisher’s exact test. 
Abbreviations: TACE, transcatheter arterial chemoembolization; HAIC, hepatic arterial 
infusion chemotherapy; ALT, alanine aminotransferase; AST, aspartate aminotransferase; 
TBIL, total bilirubin.
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Moreover, after a short period of high-dose HAIC (FOLOFX), drug-resistant HCC may emerge as a barrier, and the 
treatment is poorly tolerated by patients. Research is ongoing to study the mechanisms of oxaliplatin resistance and find 
solutions to overcome it.30–32

There were no significant differences in grade 3–4 adverse events between the two groups, except for ALT elevation 
in the Hepa-HAIC group. The embolization resulted in a short-term increase in transaminases, similar to previous 
studies.13,14 This also suggests that Hepa-HAIC need to preserve liver function. Liver function indicators may directly 
reflect the liver state and were associated with HCC prognosis.

Our study has several limitations. First, this was a retrospective study with a limited sample size, and the retrospective 
analysis may have influenced the results, although the data were adjusted using PSM. Second, the role of treatment after 
tumor progression is crucial for survival. Patients who have undergone HAIC therapy may experience diminished liver 
function and have limited access to alternative treatments.

In previous years, increasing attention has been focused on TACE combined with HAIC.16 Hepa-HAIC may have 
a better OS for advanced HCC than HAIC alone. This study presents an alternative treatment option for patients with 
advanced HCC following progression on targeted and immunotherapy treatments.

Abbreviations
AASLD, American Association for the Study of Liver Disease; CT, Computed tomography; DCR, Disease control rate; 
HAIC, Hepatic arterial infusion chemotherapy; HBV, Hepatitis B virus; HSOS, Hepatic sinusoidal obstruction syndrome; 
MRI, Magnetic resonance imaging; ORR, Objective response rate; OS, Overall survival; PD, Progressive disease; PFS, 
Progression-free survival; PSM, Propensity score matching.
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