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Abstract: Hepatocellular carcinoma (HCC) in intermediate and advanced stages remains a
therapeutic challenge. Hepatic artery infusion chemotherapy (HAIC) is a well-established
locoregional therapy for unresectable HCC. HAIC, either alone or in combination with systemic
therapies, has shown encouraging therapeutic outcomes for the treatment of HCC patients with
intermediate and advanced diseases in recent studies. This review summarizes the clinical advances
in HAIC for HCC, highlighting HAIC regimens and their therapeutic outcomes.
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1. Introduction

Hepatocellular carcinoma (HCC) represents one of the most common malignancies globally and
the third leading cause of cancer-related death [1]. China is a high-incidence region for HCC,
accounting for approximately 50% of newly diagnosed cases worldwide. Additionally, the majority
of HCC patients are diagnosed at intermediate or advanced stages, precluding them from potentially
curative treatments such as surgical resection, liver transplantation, or ablation, leading to a relatively
poor prognosis [2]. Based on the Barcelona Clinic Liver Cancer (BCLC) staging system, the standard
treatment methods for intermediate and advanced HCC are transarterial chemoembolization (TACE)
and systemic therapies, respectively [3]. However, their therapeutic efficacy is still unsatisfactory.
Therefore, it is necessary to explore new treatment strategies, particularly using the combination of
locoregional therapies and systemic ones [4,5].

Hepatic artery infusion chemotherapy (HAIC), also known as transcatheter arterial infusion
(TAI), is a well-established locoregional therapy for HCC. Recently, with the improvement of the
chemotherapy regimen and transcatheter technique, HAIC has achieved remarkable efficacy in the
treatment of HCC. Moreover, the combination of HAIC with other treatment, such as molecular
targeted therapy and immunotherapy, has demonstrated encouraging outcomes [6,7]. This article
reviews the clinical advances in HAIC for HCC, with a focus on the current HAIC regimens and their
therapeutic outcomes.

2. Definition and Technical Classification

2.1. Definition

HAIC is defined as the injection of chemotherapeutic agents in the hepatic artery via an
intraarterially inserted catheter. In this way, highly concentrated doses of chemtherapy may
effictively be delivered to the liver with reduced systemic toxicity [8]. HAIC is essentially a
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specialized form of chemotherapy, distinguished from conventional chemotherapy by its
administration via the arterial route.

2.2. Technical Classification

HAIC primarily encompasses three procedural techniques: surgically implanted subcutaneous
pump, temporary indwelling hepatic artery catheter, and percutaneously implanted port.

2.2.1. Surgically Implanted Subcutaneous Pump

The surgically implanted subcutaneous pump represents a classic technique for HAIC, which is
still utilized in the United States and European countries. This procedure requires laparotomy under
direct visualization to ensure precise catheter placement. Specifically, the catheter is inserted
retrograde into the gastroduodenal artery (GDA) and secured with sutures. During the procedure,
extrahepatic arterial branches are ligated to prevent extrahepatic chemotherapeutic exposure, while
accessory hepatic arteries are occluded to minimize competitive intrahepatic flow. The catheter tip is
precisely positioned at the GDA-common hepatic artery (CHA) junction to optimize hepatic
perfusion. Finally, the pump is connected to the catheter and implanted in a subcutaneous pocket
[9,10].

This technique utilizes a single catheter insertion, enabling repeated administration and
adaptability to various chemotherapy regimens. However, several significant limitations exist. First,
the procedure requires laparotomy performed by experienced surgeons and typically requires
concomitant cholecystectomy, resulting in substantial invasiveness and potential surgical
complications [11]. Second, although preoperative CT can assess hepatic arterial anatomy and the
aberrant vessels can be managed, this technique demonstrates limited efficacy in controlling
collateral arterial supply to HCC (e.g., subphrenic artery) and hepatic artery branches supplying
extrahepatic regions (e.g., right gastric artery). Thirdly, catheter placement into arteries beyond the
GDA is occasionally required, posing considerable technical difficulties [12]. These limitations
collectively compromise the safety profile and therapeutic efficacy of HAIC.

2.2.2. Temporary Indwelling Hepatic Artery Catheter

The temporary indwelling hepatic artery catheter has been a popular technique in China in
recent years [13]. This procedure involves the percutaneous insertion of a catheter in the proper
hepatic artery or the tumor-feeding hepatic artery branch under digital subtraction angiography
(DSA) guidance. The external end of the catheter is retained outside the skin of the arterial approach
and connect with a infusion pump for chemotherapy. After the completion of single cession of
chemotherapy, the catheter was removed with the puncture arterial hemostasis. It is noted that before
the the indwelling catheter placement, routine arterial angiography is jperformed to evaluate hepatic
arterial anatomy and tumor blood supply. When necessary, vascular embolization is employed to
address hepatic artery variations or extrahepatic collateral blood supply, thereby ensuring selective
drug distribution to the liver or the tumor [14]. This procedure needs to be repeated according to the
HAIC treatment schedele.

As a minimally invasive interventional procedure, this technique offers several advantages,
including operational simplicity and rapid postoperative recovery. The flexibility to adjust catheter
positioning according to therapeutic requirements further enhances its clinical utility. However,
certain limitations should be noted. Firstly, repeated catheterization and bedridden infusion
chemotherapy may impair patient tolerance and compliance. Secondly, the tip of the indwelling
catheter may dislocated due to vomiting, coughing or drastic positional changes, resulting in
improper drug delivery. Finally, due to the limited duration of catheter placement, this approach is
unsuitable for chemotherapy regimens requiring prolonged infusion or short-term repeated
administration [11].

2.2.3. Percutaneously Implanted Port
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The percutaneously implanted port represents a significant advancement in HAIC technology,
with widespread clinical adoption across Asian regions. This minimally invasive procedure employs
the “tip-fixation method” to precisely position an indwelling side-holed catheter within GDA. The
catheter is strategically placed with its side-hole aligned at the origin of the common hepatic artery.
Through a coaxial approach, a microcatheter is advanced via the indwelling catheter, passing through
the side-hole for optimal positioning. The distal tip of the indwelling catheter is then securely
anchored within the GDA using either embolization coils or an NBCA-lipiodol mixture. Finally, the
proximal end of the indwelling catheter is connected to an implantable port system for drug infusion
[15-17].

This technique integrates the advantages of previous HAIC techniques, facilitating routine
angiography and necessary procedures to redistribute intrahepatic or extrahepatic blood flow,
thereby enhancing the efficacy and safety of chemotherapy. Additionally, it allows for multiple uses
following a single catheterization, accommodating various chemotherapy regimens, improving
patient comfort and compliance, and reducing overall treatment costs [18-22].

3. Therapeutic Mechanism and Chemotherapeutic Agents
3.1. Therapeutic Mechanism

The basis for the application of HAIC in treating hepatic malignancies lies in the disparity of
blood supply between normal liver tissue and hepatic malignancies. Normal liver tissue derives
approximately 75% of its blood supply from the portal vein, with the remaining 25% supplied by the
hepatic artery. In contrast, hepatic malignancies are mainly nourished by the hepatic artery [23].
Therefore, it is reasonable to use the hepatic artery as an approach to deliver concentrated doses of
chemtherapy to the tumor bed.

Precisely, intra-arterial administration augments the first-pass effect of drug within the liver and
improve hepatic drug uptake. Studies have demonstrated that hepatic arterial infusion of floxuridine
or 5-fluorouracil can achieve intrahepatic uptake rates of up to 90% and 19-90%, respectively. These
rates significantly exceed those observed with conventional intravenous administration.
Accordingly, intratumoral drug concentration are also markedly elevated [9,24]. In addition,
transcatheter arterial infusion can enhance drug penetration, thus improving drug distribution
within the tumor [25]. By leveraging these advantages, HAIC enhances chemotherapy efficacy for
HCC while minimizing adverse events (AEs).

3.2. Drug Selection

When selecting chemotherapeutic agents for HAIC, it is crucial to adhere to the rational
principles underlying conventional systemic chemotherapy, while also taking into account the
unique characteristics of intra-arterial administration. Priority should be given to tumor-sensitive
drugs and prototype drugs, with the use of combinations or sequential regimens of agents with
differing mechanisms strategically designed to optimize the therapeutic efficacy [26,27]. Drugs that
share similar toxic effects or exhibit cumulative hepatotoxicity, as well as those with antagonistic
pharmacological effects or the potential to inactivate one another, should be avoided. The primary
objective is to minimize toxicity while maximizing therapeutic efficacy against the tumor and
decreasing side effects both systemically and within the liver.

Cell cycle-nonspecific drugs, which are concentration-dependent, encompass alkylating agents,
antibiotics, platinum drugs, and miscellaneous antitumor agents. Their cytotoxic effects correlate
directly with drug concentration, and thus short-term, high-dose infusion chemotherapy is generally
adopted. For instance, platinu-based chemotherapeutic agents, such as oxaliplatin and cisplatin, are
usually administered via rapid injection over a short period.

In contrast, cell cycle-specific drugs are time-dependent, meaning that after reaching an effective
dose, prolonged exposure of the drug to the tumor is required to exert cytotoxic effects. Hence,
continuous infusion chemotherapy is prevalently utilized, with the doses being adjusted by clinical
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experience. The time-dependent drugs commonly used in HAIC include fluorouracil and floxuridine,
which are typically administered with continuous infusion [28,29].

4. Patient Selection and Perioperative Management
4.1. Patient Selection

HAIC is generally indicated for HCC patients with multiple intrahepatic lesions or massive
tumors, portal vein invasion, liver function classified as Child-Pugh class A or B, and an Eastern
Cooperative Oncology Group (ECOG) performance status of 0 to 2. Additionally, HAIC can also be
an alternative option for advanced-stage patients with limited extrahepatic metastasis [6,7].

HAIC is currently recommended in several guidelines for the treatment of HCC. The clinical
practice guidelines for HCC formulated by the Japanese Society of Hepatology (JSH) suggest HAIC
as a treatment choice for patients with multiple intrahepatic lesions (n>4) or vascular invasion [30].
The guidelines for the management of HCC developed by the Korean Liver Cancer Association -
National Cancer Center (KLCA-NCC) recommend HAIC for those patients with portal vein invasion
and without extrahepatic spread, who have either failed or are not eligible for first-line or second-
line systemic therapy [31]. Notably, the guidelines for the diagnosis and treatment of primary liver
cancer issued by the Chinese Society of Clinical Oncology (CSCO) have broadened the indications of
HAIC. Specifically, it encompasses: 1) patients in Stage I b to II b with a single tumor larger than 7
cm who reject or are not suitable for surgical resection; 2) Stage III patients who decline molecular
targeted therapy or systemic chemotherapy, or for whom such treatments prove ineffective; 3) Stage
III b patients with certain extrahepatic metastases, where the application of HAIC can be determined
at the clinician’s discretion; 4) Stage IV patients who are unable or unwilling to undergo liver
transplantation [13].

4.2. Perioperative Management

Before initiating HAIC treatment, a thorough assessment of the patient is essential. This
assessment should include a detailed medical history, physical examination, laboratory tests, and
imaging studies. Laboratory tests primarily focus on evaluating liver and renal function, tumor
markers, coagulation status, and complete blood counts. Imaging studies typically involve dynamic
contrast-enhanced CT or MRI, with PET-CT performed if necessary. In instances where the diagnosis
of HCC is inconclusive, or there is suspicion of other hepatic malignancies, a biopsy should be
conducted to establish a definitive pathological diagnosis.

Preoperative evaluation of patients focuses on liver function, performance status, and tumor
burden. Regarding liver function, high-quality clinical trials typically include patients with
compensated liver function (Child-Pugh A to B7) as candidates for HAIC alone or in combination
with systemic therapy [32,33]. Other real-world studies have shown that patients with Child-Pugh B
liver function generally tolerate HAIC well [6]. Similarly, most clinical trials adopt an ECOG
performance status of 0-1 as the inclusion criterion for HAIC therapy [7], whereas an ECOG score of
0-2 is widely accepted in real-world studies [6]. In terms of tumor burden, HAIC is indicated for HCC
patients with multiple intrahepatic lesions or massive tumors and portal vein invasion. However,
when the tumor burden reaches >250% of the total liver volume, the efficacy of HAIC is compromised
[34].

5. HAIC Chemotherapy Regimens and Outcomes

Currently, several HAIC regimens are used in clinical settings, including the FOLFOX regimen,
the low-dose FP regimen, the FAIT regimen, the New FP regimen, and the oxaliplatin plus raltitrexed
regimen. The reported outcomes for HCC vary depending on the chemotherapy regimen.

5.1. FOLFOX Regimen
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The FOLFOX regimen is the recommended first-line systemic chemotherapy for HCC in China
and has been widely adopted in HAIC treatment [13]. The standard FOLFOX regimen for HAIC
includes oxaliplatin (85 or 130 mg/m?, administered via intra-arterial infusion over three hours on
day 1), leucovorin (200 mg/m?, delivered via intra-arterial infusion over three to five hours on day 1),
and fluorouracil (400 mg/m? as an intra-arterial bolus, followed by a continuous infusion of 2400
mg/m? over 46 hours). Treatment is typically administered every three weeks for six cycles, with
adjustments made based on tumor response [7]. The FOLFOX regimen combines the concentration-
dependent effects of platinum-based chemotherapy agents and the time-dependent effects of
fluorouracil, with leucovorin primarily used to enhance the efficacy of fluorouracil.

HAIC treatment has demonstrated significant survival benefits for patients with advanced HCC.
A prospective, non-randomized Phase II study compared the efficacy of HAIC and TACE in patients
with massive unresectable HCC. The results showed that HAIC achieved significantly higher partial
response rates and disease control rates compared to TACE (52.6% vs. 9.8%, P <0.001; 83.8% vs. 52.5%,
P <0.01) [35]. Another randomized controlled Phase III trial evaluated HAIC versus TACE in patients
with unresectable HCC without vascular invasion or extrahepatic metastasis. HAIC as a first-line
treatment significantly improved overall survival (OS) (23.1 months vs. 16.1 months, P < 0.001) and
reduced the incidence of severe AEs (19% vs. 30%, P = 0.03) [36]. A recent randomized controlled
Phase III trial comparing HAIC with sorafenib as first-line therapy for advanced HCC revealed that
HAIC significantly prolonged OS compared to sorafenib (13.9 months vs. 8.2 months, P <0.001) [32].
Additionally, a Phase III, multicenter, prospective, open-label, randomized controlled trial compared
postoperative adjuvant HAIC with routine follow-up in HCC patients with microvascular invasion.
HAIC significantly extended median disease-free survival (20.3 months vs. 10.0 months, P < 0.001)
[37].

HAIC combined with targeted therapy has also emerged as a viable option for advanced HCC.
An earlier randomized controlled trial compared sorafenib plus HAIC to sorafenib alone in patients
with advanced HCC and portal vein invasion. The combination therapy resulted in longer OS (13.37
months vs. 7.13 months, P < 0.001), longer progression-free survival (PFS) (7.03 months vs. 2.6
months, P <0.001), and a higher tumor response rate (40.8% vs. 2.46%, P < 0.001), although grade 3/4
AEs were more frequent in the combination group [38]. Another Phase II clinical trial confirmed the
superior OS of sorafenib plus HAIC compared to sorafenib alone (16.3 months vs. 6.5 months, P <
0.001) in advanced HCC with major portal vein tumor thrombosis [33].

Combining HAIC with immunotherapy, as well as with both targeted therapy and
immunotherapy, has also shown promising efficacy and safety [39—42]. A Phase II, single-center,
single-arm study treated advanced, high-risk HCC patients with a combination of lenvatinib,
toripalimab, and HAIC, achieving a 6-month PFES rate of 80.6% [41]. Another single-arm Phase II
clinical study evaluated HAIC combined with camrelizumab and apatinib for advanced HCC,
reporting an objective response rate of 77.1% and a median PFS of 10.38 months [42].

Other combination therapies, such as HAIC plus TACE or ablation, have also been explored
[43,44]. A Phase II, prospective, non-randomized clinical study compared TACE combined with
HAIC to TACE alone in unresectable HCC patients without extrahepatic metastasis. The combination
therapy showed significant improvements in overall response rate and median PFS (68.9% vs. 45.9%,
P <0.05; 8 months vs. 4.5 months, P < 0.001) [44]. Several clinical trials of combination therapies are
currently underway.

5.2. Low-Dose FP Regimen

The low-dose FP regimen was first introduced by Japanese researchers for HAIC chemotherapy,
with its initial clinical application reported in 1999 [45]. The standard low-dose FP regimen consists
of intra-arterial infusion of low-dose cisplatin (10 mg/day, infused over 30 minutes) followed by
fluorouracil (250 mg/day, infused over 3-5 hours). This regimen is administered once daily for five
consecutive days per week, with a two-day break, over a four-week treatment cycle. In this regimen,
cisplatin functions primarily as a modulator rather than a direct effector, enhancing the antitumor
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activity of fluorouracil by increasing intracellular reduced folate concentrations, thereby creating a
synergistic effect. The low-dose FP regimen requires frequent, short-duration intra-arterial
administrations, making it particularly suitable for use with percutaneously implanted port-catheter
systems.

Early retrospective studies evaluating the low-dose FP regimen as a standalone treatment for
advanced HCC with portal vein invasion reported tumor response rates ranging from 20% to 71%
and overall survival (OS) durations of 7.3 to 15.9 months [45-52]. A phase I/Il study investigated the
safety and efficacy of combining sorafenib with HAIC in patients with advanced HCC. The study
demonstrated a response rate of 38.9%, a disease control rate of 77.8%, a median time-to-progression
of 9.7 months, and a 1-year survival rate of 88.2% [53]. Additionally, an open-label, non-comparative
phase II trial assessed survival outcomes in advanced HCC patients treated with HAIC or HAIC
followed by sorafenib. The results revealed 1-year and 2-year survival rates of 64.0% and 48.3%,
respectively [54].

A recent randomized controlled phase III trial compared low-dose FP combined with sorafenib
to sorafenib monotherapy in advanced HCC. While no statistically significant difference in OS was
observed between the two groups (11.8 months vs. 11.5 months, P = 0.955), subgroup analysis
indicated that patients with main portal vein invasion who received the combination therapy had
significantly longer median OS compared to those receiving sorafenib alone (11.4 months vs. 6.5
months, P =0.05) [55]. These findings suggest that the combination of sorafenib and low-dose FP may
offer a survival benefit for HCC patients with portal vein invasion compared to sorafenib
monotherapy.

5.3. FAIT Regimen

The FAIT regimen was first reported for the treatment of HCC in 2002 [56]. This regimen
combines intra-arterial infusion of fluorouracil with subcutaneous injection of interferon. In this
regimen, fluorouracil is administered intra-arterially at a dose of either 500 mg/day or 300 mg/m?/day
via continuous infusion for five consecutive days per week during the first two weeks, followed by a
two-week break. Interferon is administered as a subcutaneous injection at 5 million U/day, three
times per week for four weeks, with a total of 14 treatment cycles.

Studies have shown that the objective response rate of the FAIT regimen in HCC patients with
portal vein invasion ranges from 24.6% to 73.0%, with overall survival (OS) ranging from 6.9 to 14.7
months [57-65]. Additionally, a Phase II clinical trial demonstrated that combining the FAIT regimen
with cisplatin significantly improved both the objective response rate (45.6% vs. 24.6%, P = 0.03) and
median OS (17.6 months vs. 10.5 months) compared to the FAIT regimen alone [62].

5.4. New FP Regimen

The new FP regimen combines cisplatin, lipiodol, and fluorouracil. It involves an intra-arterial
infusion of 50 mg cisplatin mixed with 5-10 mL lipiodol, followed by a bolus injection of 250 mg
fluorouracil and a continuous infusion of 1250 mg/m? fluorouracil over five days, with a two-day rest
period. Treatment is administered weekly for two consecutive weeks. In this regimen, the therapeutic
efficacy of cisplatin is enhanced by the tumor-targeting properties of lipiodol, while the dose of
fluorouracil is increased to maximize antitumor effects.

Several retrospective studies have demonstrated that the new FP regimen achieves superior
median overall survival (OS) in advanced HCC patients with vascular invasion compared to both the
low-dose FP regimen and sorafenib (24.7 months vs. 16.1 months, p < 0.05; and 18 months vs. 9
months, p <0.0001, respectively) [66,67]. Additionally, the combination of lenvatinib and the new FP
regimen has shown an impressive objective response rate of 83% in advanced HCC [68]. A single-
arm, multicenter Phase II clinical trial evaluating the new FP regimen in HCC patients with portal
vein tumor thrombus reported a median disease-free survival of 8.6 months, an OS of 27 months, and
an objective response rate of 75% [69].
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A non-randomized prospective cohort study comparing the new FP regimen to sorafenib in
HCC patients with significant vascular invasion found that the new FP regimen significantly
improved OS (30.4 months vs. 13.2 months, P = 0.013) and objective response rates (71% vs. 10%, P <
0.001) [70]. These findings have been further supported by recent multicenter, large-sample
retrospective cohort studies, which indicate that HAIC treatment with the new FP regimen
significantly extends OS in patients with locally advanced HCC compared to sorafenib (12 months
vs. 7.9 months, P <0.001) [71].

5.5. Other Regimens

Fluorouracil has a short plasma half-life, requiring prolonged continuous infusion or multiple
short-term infusions to achieve its time-dependent chemotherapeutic effects. However, these
administration methods can be inconvenient for patients undergoing chemotherapy. Raltitrexed, an
alternative antimetabolite chemotherapy agent, is currently being explored for use in HAIC for HCC.
Due to its longer plasma half-life compared to fluorouracil, raltitrexed combined with platinum-
based drugs may enhance patient tolerance to HAIC [72].

A recent single-arm Phase II clinical trial evaluated the combination of oxaliplatin and raltitrexed
in HAIC for intermediate- and advanced-stage HCC. The study reported an objective response rate
of 51.4%, with a median progression-free survival (PFS) of 6.7 months, a median disease-free survival
of 5.2 months, and a one-year survival rate of 43.2%. In this regimen, oxaliplatin was administered at
a dose of 100 mg/m? over 4 hours, while raltitrexed was given at 3 mg/m? via a one-hour intra-arterial
infusion, significantly reducing the overall infusion time. HAIC was repeated every three weeks, and
no grade 4 treatment-related adverse events (AEs) were observed [73]. Another Phase II prospective
clinical trial investigated the use of apatinib combined with HAIC of oxaliplatin and raltitrexed in
HCC patients with extrahepatic metastasis who had progressed after first-line systemic therapy. The
results demonstrated an objective response rate of 53.8% [74]

6. Adverse Events

AEs associated with HAIC can be broadly categorized into chemotherapy-related AEs and
procedure-related AEs [9,75,76].

6.1. Chemotherapy-Related AEs

Gastrointestinal symptoms, particularly nausea and vomiting, are the most common
chemotherapy-related AEs, occurring in over 30% of cases [9]. These symptoms can be effectively
managed with antiemetic therapy. Acute upper abdominal pain, often caused by vasospasm induced
by chemotherapeutic agents, can be alleviated by temporarily suspending the infusion or
administering an appropriate dose of lidocaine through the catheter. Myelosuppression,
characterized by reduced white blood cell and platelet counts, may require leukocyte- and platelet-
boosting therapies or partial splenic artery embolization. Hepatotoxicity, indicated by elevated
transaminase and bilirubin levels, necessitates hepatoprotective interventions. Nephrotoxicity can be
mitigated through routine hydration during chemotherapy infusion to reduce renal damage.
Additionally, certain chemotherapeutic agents may exhibit cardiotoxicity or gastrototoxicity,
warranting routine supportive care, including energy supplementation, to support cardioprotective
and gastroprotective measures.

6.2. HAIC Procedure-Related AEs

Procedure-related AEs primarily include pump pocket complications and catheter-related
complications [75,76]. Pump pocket complications, occurring in 8% to 18% of patients, typically
manifest as hematoma, infection, pump erosion, pump migration, or pump flipping [76]. Small
hematomas can often be managed conservatively with compression dressings or abdominal binders.
Infections or abscesses usually require drainage and may necessitate pump relocation or replacement
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[77]. Pump migration or flipping can typically be corrected surgically, while pump erosion or skin
penetration generally requires the removal of the original pump and re-implantation at a new site.
Catheter-related complications, affecting 10% to 26% of patients, primarily include catheter occlusion,
dislodgement, and erosion [76,78]. These issues can usually be resolved through catheter repair,
replacement, or repositioning.

The risk of HAIC procedure-related AEs can be minimized through standardized surgical
techniques and meticulous postoperative care. For patients with percutaneous arterial ports,
emphasis should be placed on proper wound care, maintenance of the arterial port reservoir, and
careful management of the infusion catheter.

7. Conclusion

HAIC represents a safe and effective chemotherapeutic approach that has shown preliminary
efficacy in the treatment of HCC, with widespread application in Asian regions. However, HAIC has
not yet achieved global recognition as a recommended treatment for HCC. The current absence of a
unified international standard for HAIC procedures undermines the consistency of treatment
outcomes. Furthermore, despite the availability of a diverse range of HAIC regimens, they have not
been fully optimized to cater to the requirements of different disease stages and individualized
treatment plans. The synergistic mechanisms of combination therapies, including those involving
targeted and immune therapies, remain to be further elucidated. These issues have impeded the
further development and broader application of HAIC.

In order to advance the use of HAIC therapy in HCC, several key priorities must be addressed.
First, the standardization of HAIC application should be advanced through multicenter studies and
expert consensus to ensure the safety and consistency of treatment. Additionally, there is a need to
optimize existing or develop innovative HAIC chemotherapy regimens to enhance the efficacy of
HCC chemotherapy further and address the needs of different tumor stages. Lastly, with the advent
of targeted-immune combination therapies and dual immune therapies, it is essential to clinically
evaluate the efficacy and safety of HAIC in combination with these treatments, alongside conducting
basic research to explore their potential synergistic mechanisms. Continued exploration and
innovation in the field of HAIC are anticipated to offer new strategies for the comprehensive
treatment of HCC, thereby improving overall therapeutic outcomes.
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