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Purpose: HCC exhibits a high postoperative recurrence rate, with early recurrence (<2 years) accounting for 70% of cases,
predominantly associated with high-risk recurrence factors. Common adjuvant therapies for HCC include postoperative adjuvant
hepatic arterial infusion chemotherapy (PA-HAIC) and postoperative adjuvant transarterial chemoembolization (PA-TACE). This study
evaluates the comparative efficacy and safety of PA-HAIC versus PA-TACE in preventing early recurrence among HCC patients with
postoperative high-risk recurrence factors.

Patients and Methods: A retrospective analysis included 170 HCC patients with high-risk recurrence factors following surgical
resection (2018-2023), divided into PA-HAIC (n=23) and PA-TACE (n=147) groups. To mitigate potential biases and adjust for
baseline characteristics, propensity score matching (PSM) was performed. Survival analyses for two primary endpoints, recurrence-
free survival (RFS) and overall survival (OS), were then conducted using the Kaplan-Meier method and Cox proportional hazards
regression. Adverse event (AE) rates and severity were compared.

Results: Post-PSM analysis revealed significantly superior RFS rates in the PA-HAIC group versus PA-TACE at 6,12,and 24 months
(100%, 95.7%, 95.7% vs 91.3%, 73.9%, 65.2%;p=0.0085). Multivariable Cox regression identified PA-HAIC (HR=0.20, 95%
CI:0.02-0.71;p=0.020) and intact tumor capsule (HR=0.02, 95% CI:0.00-0.41;p=0.011) as independent protective factors for RFS,
while vascular tumor thrombus (HR=28.02, 95% CI:2.07-378.81;p=0.012) emerged as a risk factor. Subgroup analyses identified age
>50 years, solitary tumors, BCLC-A stage, absence of MVI, intact capsule, and no vascular thrombus as low-risk factors for early
recurrence. Safety profiles showed no significant between-group differences in AE incidence or severity.

Conclusion: Among HCC patients with high-risk recurrence factors after surgical resection, PA-HAIC demonstrated significantly
prolonged RFS compared to PA-TACE, with a favorable safety profile.

Keywords: hepatocellular carcinoma, adjuvant therapy, hepatic arterial infusion chemotherapy, propensity score-matched,
transarterial chemoembolization

Introduction

Hepatocellular carcinoma (HCC) is currently the sixth most common malignancy and the third leading cause of cancer-
related death worldwide.! Curative treatments for HCC include surgical resection, ablation, and liver transplantation,
among which hepatic resection remains the preferred treatment option for patients with early-stage disease.” However,
studies have shown that the 5-year postoperative recurrence rate remains as high as 70% following resection.®
Postoperative recurrence can be classified into early recurrence (<2 years) and late recurrence,* with early recurrence

accounting for up to 70% of all cases,’ significantly higher than late recurrence. High-risk factors for early recurrence
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include vascular invasion, tumor diameter >5 cm, multiple tumors, satellite nodules, vascular tumor thrombus, poor
tumor differentiation, and the absence of a tumor capsule.®® Therefore, early recurrence remains a major obstacle to
achieving long-term survival following resection, and reducing early postoperative recurrence has become a critical issue
in both clinical research and practice.

Transarterial chemoembolization (TACE) and hepatic arterial infusion chemotherapy (HAIC) have demonstrated
favorable efficacy in the treatment of intermediate and advanced-stage HCC and are increasingly being considered as
options for adjuvant therapy after hepatic resection. Several studies have shown that postoperative adjuvant TACE (PA-
TACE) can improve both OS and RFS in HCC patients. A Phase III randomized clinical trial reported that patients who
received PA-TACE after curative resection had significantly longer 3-year RFS than those who did not (56% vs 42.1%).
The median RFS was extended by 25.7 months in the PA-TACE group compared to the control group (49.5 vs 23.8
months), and the 3-year OS rate was also higher (85.2% vs 77.4%).” While PA-TACE confers survival benefits in high-
risk HCC patients post-resection, its embolic effects may induce biliary injury or hepatic dysfunction, with ongoing
controversy regarding whether clinical benefits originate predominantly from embolization or chemotherapeutic agents. '’
Microscopic metastases responsible for early recurrence may lack targetable vasculature for embolization, raising
questions about the efficacy of embolization in such cases.

In recent years, HAIC has gained widespread acceptance among clinicians for the treatment of advanced HCC and
has also shown promising outcomes in neoadjuvant and adjuvant settings. A large, multicenter, open-label phase III
randomized trial demonstrated that in patients with unresectable HCC with tumor diameter >7cm and classified as BCLC
stage A or B, HAIC significantly prolonged median OS (23.1 vs 16.1 months, P<0.001) and median PFS (9.6 vs 5.4
months, P<0.001) compared to TACE. Furthermore, the incidence of severe adverse events was lower in the HAIC
group, and ORR was more than twice that of the TACE group (46% vs 18%, P<0.001), highlighting the advantages of
HAIC in terms of efficacy and safety.'' Other studies have also shown that PA-HAIC after surgical resection improved
5-year RFS (45.2% vs 32.5%) and 5-year OS (35.7% vs 20.9%) compared with surgery alone.'* However, some studies
have reported no significant benefit of PA-HAIC in preventing recurrence after surgical HCC resection.'* A network
meta-analysis comparing different postoperative adjuvant therapies for HCC found PA-HAIC to be an effective
strategy.'*

Nonetheless, there remains no consensus on whether PA-HAIC or PA-TACE provides superior survival benefits
following curative HCC resection, and direct comparative studies remain limited. This retrospective study utilized
propensity score matching (PSM) to compare the efficacy and safety of PA-HAIC versus PA-TACE in preventing
early recurrence in patients with high-risk features after surgical resection of HCC, aiming to provide evidence to guide
the selection of adjuvant therapy in clinical practice.

Materials and Methods

Patients

From 2018 to 2023, HCC patients who underwent RO resection at the First Affiliated Hospital of Nanchang University
received postoperative adjuvant therapy based on the consensus criteria established by the MDT team. The inclusion
criteria were as follows: (1) Presence of high-risk recurrence factors (MVI positivity, tumor diameter >5 cm, multiple
tumors, satellite nodules, vascular tumor thrombus, poor differentiation, or incomplete capsule).(2) Child-Pugh class A or
class B patients corrected to class A before surgery.(3) Eastern Cooperative Oncology Group Performance Status (ECOG
PS) score <2.Depending on the preferences of the patients and their families, as well as the patients’ physical condition,
either PA-HAIC or PA-TACE was selected. Between January 2018 and December 2023, a total of 514 patients with HCC
who underwent RO resection and exhibited high-risk factors for recurrence received postoperative adjuvant TACE or
HAIC at the First Affiliated Hospital of Nanchang University and were included in this study. The following criteria
served as the basis for inclusion: (1) Eastern Cooperative Oncology Group performance status (ECOG PS) score <2; (2)
Age between 18 and 75 years; (3) Child-Pugh class A, or class B corrected to class A prior to surgery; (4) Postoperative
histopathological confirmation of HCC; (5) No prior history of systemic or locoregional antitumor therapies, including
interventional procedures, targeted therapies, or immunotherapies; (6) Radiological evaluation performed 3-5 weeks
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postoperatively showing no evidence of residual disease or early recurrence; (7) Receipt of only postoperative adjuvant
TACE or HAIC therapy; (8) Presence of high-risk factors for recurrence following hepatic resection, including positive
MVI, tumor diameter >5 cm, multiple tumors, satellite nodules, macrovascular tumor thrombus, poor differentiation, or
incomplete tumor capsule; (9) Complete clinical and follow-up data available. The following criteria served as the basis
for exclusion: (1) Histologically positive surgical margins; (2) Presence of tumor staining on angiography; (3)
Coexistence of other types of malignancies; (4) Inability to tolerate TACE or HAIC treatment; (5) Known hypersensi-
tivity to relevant therapeutic agents.

Criteria for Curative Hepatectomy in HCC

In accordance with the standards for curative surgical resection outlined in the “Guidelines for Diagnosis and Treatment
of Primary Liver Cancer (2022)”'*(1) Intraoperative Evaluation Criteria: No macroscopic tumor thrombus found in the
hepatic veins, bile ducts, portal vein, or inferior vena cava; No invasion of adjacent organs, and no evidence of hilar
lymph node metastasis or distant metastasis; The hepatic resection margin must be at least 1 cm from the tumor
boundary; if the margin is less than 1 cm, intraoperative histological examination of the liver margin should confirm
the absence of tumor cell residuals, thus ensuring a negative margin.(2) Postoperative Evaluation Criteria: Ultrasound,
CT, or MRI (at least two modalities) should be performed 1-2 months postoperatively, with no evidence of residual
tumor; For patients with preoperative elevated levels of tumor markers, such as serum AFP, DCP, and a combination of
seven microRNAs, postoperative tumor marker quantification should be performed 2—3 months after surgery, with results
returning to normal levels. The rate of postoperative AFP reduction can be used for early prediction of the completeness

. . 1
of surgical resection.'®

Haic

After disinfection of the surgical area and local anesthesia, a vascular access is established in the right femoral artery
using the Seldinger technique. Under the guidance of digital subtraction angiography (DSA), a catheter is inserted into
the common hepatic artery for hepatic arteriography, allowing for evaluation of the hepatic vascular territory.Based on
the specific details of the hepatic resection and the patient’s hepatic artery anatomy, superselective catheterization is
performed into the target vessel.'’(1) If the patient did not undergo cholecystectomy during the liver cancer resection, the
catheter is placed in the hepatic proper artery above the cystic artery. If the patient has undergone cholecystectomy, the
catheter is placed in the hepatic proper artery.(2) Based on the pre-established chemotherapy regimen, the prepared
antitumor drugs are connected through the catheter for continuous infusion.

The chemotherapy infusion regimen was selected from one of two predefined protocols. The choice of regimen was
determined based on a thorough discussion with the patient and their family prior to treatment, taking into consideration
both their preferences and the patient’s overall physical condition. FOLFOX modified regimen: Oxaliplatin (85-130 mg/
m?) is infused via the artery for 2-3 hours, simultaneously with calcium leucovorin (200 mg/m?) via arterial infusion for
1-2 hours. After an initial dose of 5-fluorouracil (400 mg/m?) by injection, it is followed by continuous infusion of
S-fluorouracil (2400 mg/m?) via the artery for 23 or 46 hours (specific parameters are in accordance with the “2022
Guidelines for the Diagnosis and Treatment of Primary Liver Cancer”). Leucovorin combined regimen: Oxaliplatin
(100 mg/m?) combined with Leucovorin (3 mg/m?) is infused sequentially via the artery, with oxaliplatin (100 mg/m?)
infused continuously for 4 hours and Leucovorin (3 mg/m?) infused continuously for 1 hour.'®

Tace

After completing the preoperative preparation, a vascular access is established in the right femoral artery using the
Seldinger technique. Under the guidance of digital subtraction angiography (DSA), a catheter is inserted into the
common hepatic artery for hepatic arteriography, allowing for evaluation of the hepatic vascular territory. Under real-
time guidance with digital subtraction angiography, the catheter position is adjusted according to whether the gallbladder
is resected during the surgery. Subsequently, a mixture of chemotherapeutic agents and embolic agents was administered
through the catheter. Commonly used chemotherapy agents include doxorubicin, epirubicin, idarubicin, mitomycin C,
fluorouracil, or platinum-based agents.'®?® The embolic agents consisted of a combination of iodized oil and gelatin
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sponge particles, with the volume of iodized oil ranging from 2 to 5 mL. The drug dosage is dynamically adjusted by the
operating physician based on the patient’s body surface area, overall condition, liver function, and response to the TACE
procedure.

Postoperative Follow-up

Comprehensive physical examinations, laboratory tests, and dynamic CT or MRI evaluations were performed for all
patients at 3 to 5 weeks following surgery and 4 to 6 weeks subsequent to the procedure of initial TACE. Two senior
physicians evaluated tumor recurrence based on examination findings, applying the EASL non-invasive diagnostic
standards for HCC and the RECIST v1.1 criteria®' to assess extrahepatic recurrence. AEs were classified and evaluated
in accordance with version 5.0 of the CTCAE, established by the National Cancer Institute. Radiological monitoring took
place a month following the final TACE or HAIC, with subsequent follow-ups scheduled every 3 months, including
detailed physical exams, laboratory tests, and imaging, until either the tumor recurs or the observation phase concludes.
The study’s monitoring cutoff date was March 1, 2025. RFS served as the primary endpoint, described as the duration
between the date of surgery and the first radiological detection of tumor recurrence. The secondary endpoints were OS
and safety, with the former defined as the period starting from the surgery date to death due to any reason.

Statistical Analysis

Quantitative variables underwent normality assessment, with data following a normal distribution expressed as mean +
standard deviation and assessed through the Student’s #-test, while data not following a normal distribution were reported
as medians with interquartile ranges and evaluated through the Mann—Whitney U-test. Depending on the distribution
pattern, categorical data were examined using either the Chi-square test or Fisher’s exact test. RFS was evaluated using
Kaplan—Meier survival curves and Log rank tests. Cox proportional hazards regression was employed for multivariate
analysis, ensuring that every variable satisfied the proportional hazards assumption. Variables with a p-value less than
0.05 were selected for inclusion in the multivariate framework following the univariate analysis. To reduce the impact of
confounding factors, PSM was utilized. The analysis included a multivariate logistic regression model incorporating the
following covariates: gender, age, AFP levels, tumor number, presence of liver cirrhosis, hepatitis B status, tumor capsule
integrity, anatomical resection, laparoscopic resection, intraoperative blood transfusion, tumor differentiation, MVI,
presence of satellite nodules, vascular invasion, maximum tumor diameter, CNLC staging, BCLC staging, and ALBI
grade. The propensity score for each patient was calculated, and 1:1 nearest-neighbor matching was performed with
a caliper value set at 0.2. After matching, the balance of covariates between the groups was assessed using the
standardized mean difference (SMD), with a threshold of SMD < 0.2. Statistical analyses were performed using SPSS
version 27.0 and R software version 4.4.1, and a two-tailed p-value below 0.05 was deemed statistically significant.

Results

Patient Characteristics
A total of 514 patients completed adjuvant treatment following liver cancer resection. Based on the inclusion and
exclusion criteria, 170 patients ultimately met the study requirements, and the specific screening process is shown in
Figure 1. Among them, 198 patients received other types of adjuvant therapy. 119 patients had tumor staining detected in
DSA, 10 patients had concomitant major vascular invasion, 5 patients died from other causes, 4 patients had incomplete
hospitalization records, and 8 patients were lost to follow-up, resulting in the exclusion of 344 patients. Among the
remaining patients, 147 received PA-TACE therapy and 23 received PA-HAIC therapy. Among patients who received
PA-TACE, all underwent one cycle of PA-TACE treatment. In the PA-HAIC group, all 23 patients received at least one
cycle of PA-HAIC. The majority of patients completed two cycles of PA-HAIC, with only two patients declining
the second cycle due to personal reasons. PSM was performed for 170 patients, resulting in 46 matched patients, with 23
in the PA-TACE group and 23 in the PA-HAIC group.

Table 1 provides a detailed description of the baseline data of patients before propensity score matching. There were
no statistically significant differences between the two groups in baseline characteristics, including sex, age, whether
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Total of 514 patients received postoperative
adjuvant therapy

Exclusions (n = 344):
Received alternative adjuvant therapies
(198)
Tumor staining detected on DSA (119)
Vascular invasion (10)
Death from other causes (5)
Incomplete data (4)

unavailable for follow-up (8)

v

A 4

Total of 170 patients were included in the analysis

\ 4 A 4

Total of 147 patients received PA-TACE therapy Total of 23 patients received PA-HAIC therapy

PSM 1:1
I I

A 4 A 4

Total of 23 patients received PA-TACE therapy Total of 23 patients received PA-HAIC therapy

Figure | The study flow diagram is presented below.

Notes: Unadjusted Sample corresponds to the SMD prior to PSM, while adjusted Sample represents the SMD following PSM implementation. Treatment 0 corresponds to
PA-HAIC, while Treatment | is assigned to PA-TACE.

Abbreviations: PA-HAIC, Postoperative adjuvant hepatic artery infusion chemotherapy; DSA, Digital subtraction angiography; PA-TACE, Postoperative adjuvant trans-
catheter arterial chemoembolization; PSM, Propensity score matching.

anatomical resection was performed, surgical method, transfusion status, presence of satellite nodules, presence of
nodular cirrhosis, presence of vascular invasion, number of liver cancer lesions, tumor capsule integrity, degree of
differentiation, BCLC stage, hepatitis B history, ALBI grade, and Child-Pugh grade. Among these patients, 19.4% (33/
170) underwent open surgery, 13.5% (23/170) were female, and 11.1% (19/170) had multiple liver cancer lesions. The
vast majority of patients had intact tumor capsules, and most had a positive hepatitis B surface antigen. Notably, only two
patients in the TACE group had a Child-Pugh grade of B, while the rest had a Child-Pugh grade of A. In the PA-TACE
group compared to the PA-HAIC group, the proportion of MVI-positive patients (55.1% vs 17.3%, p<0.001), the
proportion of tumors with a maximum diameter >5 cm (55.7% vs 21.7%, p=0.002), and the proportion of patients in
CNLC stage Ib (54.4% vs 21.7%, p=0.005) were all higher in the PA-TACE group.

After PSM, 23 patients from the PA-HAIC group and 23 patients from the PA-TACE group were matched. Table 1
provides a detailed description of the baseline data of patients after propensity score matching. A clinical analysis of
basic characteristics for the matched patients revealed that all variables had a p-value greater than 0.05, indicating
comparable characteristics between the PA-HAIC and PA-TACE groups after matching. Figure 2 shows the probability
density of PA-HAIC and PA-TACE groups before and after PSM, and through PSM, the probability densities in both
groups were balanced. Figure 3 depicts the standardized mean differences (SMD) of PA-HAIC and PA-TACE groups
before and after PSM. After matching, the SMD for both groups was reduced to less than 0.2, indicating that the
confounding factors were corrected.

An evaluation of the effects of PA-HAIC and PA-TACE on RFS and OS in pre- and post-PSM analyses.

Before PSM, there was a significant difference in RFS between the PA-HAIC and PA-TACE groups (p=0.0033). The
median RFS for the PA-TACE group was 47.38 months (95% CI: 27.70-NA months), while the median RFS for the PA-
HAIC group had not yet reached the endpoint of observation (95% CI not available) (Figure 4). After PSM, the analysis
showed that RFS was still significantly different between the PA-HAIC and PA-TACE groups (p=0.018), with the PA-
HAIC group showing better RFS than the PA-TACE group. The median RFS for the PA-TACE group was 48.00 months
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Table | Baseline Characteristics of HCC Patients: A Comparison Before and After PSM

Variable Before PSM P value After PSM P value

PA-TACE(n=147) | PA-HAIC(n=23) PA-TACE(n=23) | PA-HAIC(n=23)
Gender 1.000 0.601
Male 127 20 22 20
Female 20 3 | 3
Age (years) 0.293 0.697
<50 48 5 3
=50 99 18 20 18
Anatomical resection 0.600 1.000
Yes 53 7 7 7
No 94 16 16 16
Laparoscopic surgery 0.557 0.475
Laparoscopic 27 6 4
Open 120 17 19 17
Blood transfusion 0.495 1.000
Yes 17 | 0 |
No 130 22 23 22
MVI <0.001 1.000
Yes 8l 4 4 4
No 66 19 19 19
Satellite nodules 0.576 0.243
Yes 23
No 124 21 17 21
Nodular cirrhosis 0.131 0.369
Yes 71 15 12 15
No 76 8 11
Vascular invasion 0.495 1.000
Yes 17 | | |
No 130 22 22 22
NOLC 0.446 0.601
Single 129 22 20 22
Multiple 18 | 3 |
Tumor size 0.002 0.730
<5cm 65 18 17 18
>5cm 82 5
Capsule 0.355 1.000
Intact 145 22 23 22
Non-intact 2 | 0 |
Dod 0.580 0.730
Poorly differentiated 40
Non-poorly differentiated 107 18 17 18
BCLC stage 0.748 1.000
A 134 22 21 22
B 13 | 2 |
HBsAg 0.495 1.000
Yes 130 22 22 22
No 17 | | |
CNLC 0.005 0.865
la 56 17 15 17
Ib 80 5 7
lla I | | |

(Continued)
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Table | (Continued).

Variable Before PSM P value After PSM P value
PA-TACE(n=147) | PA-HAIC(n=23) PA-TACE(n=23) | PA-HAIC(n=23)

AFP (ng/mL) 47.07£158.61 24.45 + 79.23 0.504 2.79 (2.16, 11.69) | 520 (3.11, 10.34) 0.177

ALBI 0.403 0.552

Grade | 84 I 9 I

Grade 2 63 12 14 12

Notes: Values marked in bold represent statistically significant differences (P < 0.05).
Abbreviations: PA-HAIC, Postoperative adjuvant hepatic artery infusion chemotherapy; HCC, hepatocellular carcinoma; PSM, propensity score matching;
NOLC, Number of liver cancers; PA-TACE, Postoperative adjuvant transcatheter arterial chemoembolization; Dod, Degree of differentiation.

(95% CI: 23.62-NA months), and the median RFS for the PA-HAIC group had not reached the observation endpoint
(95% CI not available) (Figure 4).

Before PSM, there was no significant difference in OS between the PA-HAIC and PA-TACE groups (p=0.52). The
6-month, 12-month, and 24-month survival rates for the PA-TACE group were 99.3% (95% CI: 98.6-100), 97.3% (95%
CI: 96.0-98.6), and 91.8% (95% CI: 89.5-94.1), respectively, while the PA-HAIC group had 100%, 95.7% (95% CI:
91.4-100), and 95.7% (95% CI: 91.4-100) survival rates, respectively (Figure 4). After PSM, there was still no
significant difference in OS between the two groups (p=0.75). The 12-month and 24-month survival rates for the PA-
HAIC group were 95.7% (95% CI: 91.4-100) and 95.7% (95% CI: 91.4-100), respectively, while no deaths were
reported in the PA-TACE group during the 2-year follow-up period (Figure 4).

Before PSM, the 6-month, 12-month, and 24-month recurrence-free rates for the PA-TACE group were 87.8% (95%
CI: 85.1-90.5), 75.5% (95% CI: 72.0-79.0), and 59.9% (95% CI: 59.5-60.3), respectively, while the PA-HAIC group had

Distributional Balance for “distance”
Treatment [J O[] 1

Unadjusted Sample Adjusted Sample

Density

)

0.6 0.8 1.0 0.6 0.8 1.0
distance

Figure 2 The probability density of PA-HAIC and PA-TACE before and after PSM.

Notes: Unadjusted corresponds to the SMD prior to PSM, while adjusted represents the SMD following PSM implementation.

Abbreviations: PSM, propensity score matching; PA-HAIC, Postoperative adjuvant hepatic artery infusion chemotherapy; PA-TACE, Postoperative adjuvant transcatheter
arterial chemoembolization; SMD, standardized mean difference.
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Covariate Balance

* Unadjusted 4 Adjusted

MVI .
CNLC_Ta N ;
Tumor size_>5 A : .
CNLC_Ib A .
Nodular cirrhosis_Yes LA e
Age_=50 Ale
ALBI_2 .
NOLC_Multiple u
HbsAg Yes .
Vascular invasion_Yes .
CNLC_Ila .
0.00 : 025 0.50 0.75 10

Absolute Mcan Differences

Figure 3 SMDs of Covariates Before and After PSM.
Abbreviations: ALBI, Albumin-Bilirubin; CNLC, China Liver Cancer Staging; NOLC, Number of liver cancers; SMD, standardized mean difference; PSM, propensity score
matching.

100%, 95.7% (95% CI: 91.4-100), and 95.7% (95% CI: 91.4-100) recurrence-free rates, respectively. After PSM, the
6-month, 12-month, and 24-month recurrence-free rates for the PA-TACE group were 91.3% (95% CI: 85.4-97.2),
73.9% (95% CI: 64.7-83.1), and 65.2% (95% CI: 55.3-75.1), respectively, while the PA-HAIC group had 100%, 95.7%
(95% CI: 91.4-100), and 95.7% (95% CI: 91.4-100) recurrence-free rates, respectively.

Univariate and Multivariate Analyses of PA-HAIC and PA-TACE After PSM.

For the PSM-matched data, a Cox proportional hazards regression model was used to analyze RFS. Univariate
analysis showed that PA-HAIC (hazard ratio [HR] = 0.24, 95% CI: 0.07-0.86, p=0.028) and tumor capsule integrity (HR
=0.09, 95% CI: 0.01-0.83, p=0.034) were independent protective factors for RFS, while vascular invasion (HR = 4.66,
95% CI: 1.03-21.10, p=0.046) and CNLC stage Ib (HR = 3.18, 95% CI: 1.15-8.86, p=0.026) were independent risk
factors for RFS. Variables with a p-value less than 0.05 in univariate analysis were included in multivariate analysis. In
the multivariate analysis, PA-HAIC (HR = 0.20, 95% CI: 0.02—0.71, p=0.020) and tumor capsule integrity (HR = 0.02,
95% CI: 0.00-0.41, p=0.011) were independent protective factors for RFS, while vascular invasion (HR = 28.02, 95%
CI: 2.07-378.81, p=0.012) was an independent risk factor for RFS (Table 2).

For the PSM-adjusted data, a univariate analysis of OS was conducted using the Cox proportional hazards model. The
results indicated that none of the variables reached statistical significance (P>0.05, Table 3).

Subgroup Analysis of PA-HAIC and PA-TACE Post-PSM.

Subgroup analysis of RFS revealed that age >50 years, single tumor, BCLC stage A, no MVI, intact capsule, and no
vascular invasion were low-risk factors for early recurrence (Figure 5). However, the subgroup analysis of OS did not
identify any variables with statistical significance (P>0.05).

Safety

The PA-TACE group exhibited markedly higher rates of elevated ALT (47.8% compared to 26.0%), AST (47.8%
compared to 30.4%), and bilirubin levels (34.7% compared to 26.0%) than the PA-HAIC group. The analysis showed
no significant variation between the two groups regarding grade III or higher adverse events (P=0.571), all of which were
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Figure 4 Kaplan-Meier survival analysis of RFS in HCC patients: (A) before PSM and (B) after PSM comparing the PA-HAIC and PA-TACE groups; Kaplan-Meier survival
analysis of OS in HCC patients: (C) before PSM and (D) after PSM comparing the PA-HAIC and PA-TACE groups.

Abbreviations: RFS, recurrence-free survival;OS, overall survival; PSM, propensity score matching; PA-HAIC, Postoperative adjuvant hepatic artery infusion chemotherapy;
PA-TACE, Postoperative adjuvant transcatheter arterial chemoembolization.

effectively managed with medication interventions. Neither group reported any treatment-related fatalities. Further details
are provided in Table 4.

Discussion
Based on our findings, compared to PA-TACE, the PA-HAIC regimen provided significantly longer RFS in HCC patients
with high-risk recurrence factors after resection, suggesting PA-HAIC may be a more effective adjuvant treatment for this
population. Multivariable Cox regression analysis following PSM confirmed PA-HAIC as an independent prognostic
factor for RFS improvement. Although the OS difference did not achieve statistical significance, Kaplan-Meier analysis
revealed a consistent trend toward superior survival outcomes in the PA-HAIC cohort versus the PA-TACE group.
Even after undergoing curative hepatic resection, up to 70% of patients with HCC experience postoperative
recurrence.’ Early recurrence typically occurs within two years postoperatively and is believed by most researchers to
be associated with intrahepatic micrometastases derived from the primary tumor®? or iatrogenic dissemination resulting
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Table 2 Univariate and Multivariate Analysis of Prognostic Factors for RFS After PSM

Variable P value | HR P value | HR

Gender (Male vs Female) 0918 0.90 (0.12-6.84)

Age (250 vs <50 years) 0.575 1.53 (0.35-6.73)

Anatomical resection (Yes vs No) 0.926 1.05 (0.36-3.04)

Laparoscopic surgery (Yes vs No) 0.522 1.63 (0.37-7.26)

Blood transfusion (Yes vs No) 0.998 0.00 (0.00-Inf)

MVI (Absent vs Present) 0.323 0.47 (0.11-2.10)

Satellite nodules (Yes vs No) 0.185 2.17 (0.69-6.85)

Nodular cirrhosis (Yes vs No) 0.958 1.01 (0.50-2.04)

Vascular invasion (Yes vs No) 0.046 4.66 (1.03-21.10) | 0.012 28.02(2.07-378.81)
NOLC (Multiple vs Single) 0.502 1.66 (0.38-7.35)

Tumor maximum diameter (>5 cm vs <5 cm) 0.079 2.49 (0.90-6.88)

Complete capsule (Yes vs No) 0.034 0.09 (0.01-0.83) 0.011 0.02(0.00-0.41)

Dod (Non-poorly differentiated vs Poorly differentiated) | 0.539 0.72 (0.25-2.05)

BCLC stage (B vs A) 0.248 2.42 (0.54-10.85)

CNLC stage (la vs,

Ib vs, 0.026 3.18(1.15-8.86) 0.232 2.00(0.64-6.24)
lla) 0.458 2.21(0.27-17.89) | 0.668 0.49(0.02-12.58)
HBsAg (Present vs Absent) 0.391 0.40(0.05-3.20)

Child-Pugh (B vs A) 0.887 1.16(0.15-8.89)

ALBI grade (Grade 2 vs Grade |) 0.181 2.06(0.71-5.94)

Intervention strategy (PA-HAIC vs PA-TACE) 0.028 0.24(0.07-0.86) 0.020 0.11(0.02-0.71)

Notes: Values marked in bold represent statistically significant differences (P < 0.05).

Abbreviations: ALBI, Albumin-Bilirubin; CNLC, China Liver Cancer Staging; RFS, recurrence-free survival;PSM, propensity score matching;
HCC, hepatocellular carcinoma; NOLC, Number of liver cancers; PA-HAIC, Postoperative adjuvant hepatic artery infusion chemotherapy; Dod,
Degree of differentiation;PA-TACE, Postoperative adjuvant transcatheter arterial chemoembolization.

from surgical manipulation. Multiple studies have demonstrated that early recurrence is associated with aggressive tumor
characteristics such as MVI, tumor diameter >5 c¢m, elevated AFP levels, multiple tumor nodules, microsatellite lesions,
and incomplete or absent tumor capsule formation®*>° According to the Consensus on Tertiary Prevention of Primary
Liver Cancer (2022 Edition), risk factors for postoperative recurrence include tumor diameter >5 cm, multiplicity,
absence or incompleteness of the tumor capsule, poor tumor differentiation, presence of MVI, and satellite nodules.>'
Therefore, how to effectively prevent early recurrence in patients with high-risk recurrence factors such as MVI
positivity, tumor diameter>5cm, multiple tumors, satellite nodules, vascular cancer thrombosis, low differentiation, and
incomplete capsule after liver cancer surgery resection is an urgent issue.

Currently, locoregional adjuvant therapies commonly used to prevent early recurrence after HCC resection include
PA-TACE and PA-HAIC. Previous studies have demonstrated that PA-TACE is an effective adjuvant treatment for
primary HCC, capable of significantly improving RFS and OS.*>> A multicenter study reported that, compared to
patients who did not receive PA-TACE, those with intermediate-stage HCC and MVI who received PA-TACE following
curative resection had significantly higher RFS rates at 1, 3, and 5 years postoperatively (P < 0.05). Specifically, the RFS

1434 https: Journal of Hepatocellular Carcinoma 2025:12



Xia et al

Table 3 Univariate Analysis of Prognostic Factors for Overall Survival After Propensity Score

Matching
Variable P value HR
Gender (Male vs Female) 0.387 2.56 (0.30-21.47)
Age (250 vs <50 years) 0.539 0.60 (0.12-3.01)
Anatomical resection (Yes vs No) 0.586 0.64 (0.13-3.19)
Laparoscopic surgery (Yes vs No) 0.567 0.63 (0.13-3.11)
Blood transfusion (Yes vs No) 0.999 0.00 (0.00-Inf)
MVI (Absent vs Present) 0.462 0.45 (0.06-3.71)
Satellite nodules (Yes vs No) 0.211 2.49 (0.60-10.45)
Nodular cirrhosis (Yes vs No) 0.656 1.37 (0.34-5.49)
Vascular invasion (Yes vs No) 0.290 3.20 (0.37-27.68)
NOLC (Multiple vs Single) 0.176 3.0l (0.61-14.85)
Tumor maximum diameter (>5 cm vs <5 cm) 0.062 3.54 (0.94-13.37)
Complete capsule (Yes vs No) 1.000 0.00 (0.00-Inf)
Dod (Non-poorly differentiated vs Poorly differentiated) | 0.464 0.59 (0.15-2.39)
Child-Pugh (B vs A) 0.999 0.00 (0.00-Inf)
BCLC stage (B vs A) 0.999 0.00 (0.00-Inf)
CNLC stage (la vs, Ib vs, lla) 0.1370.999 | 2.73 (0.73-10.25) 0.00(0.00-Inf)
HBsAg (Present vs Absent) 0.999 Inf(0.00-Inf)
ALBI grade (Grade 2 vs Grade |) 0.092 4.09(0.79-21.06)
Intervention strategy (PA-TACE vs PA-HAIC) 0.746 1.32(0.25-6.95)

Abbreviations: PA-HAIC, Postoperative adjuvant hepatic artery infusion chemotherapy; ALBI, Albumin-Bilirubin; CNLC,
China Liver Cancer Staging; NOLC, Number of liver cancers; HCC, hepatocellular carcinoma; Dod, Degree of differentiation;
PA-TACE, Postoperative adjuvant transcatheter arterial chemoembolization.

rates in the PA-TACE group were 42.0%, 27.2%, and 17.8% at 1, 3, and 5 years, 1respectively.32 In the present study,
patients in the PA-TACE group achieved 6-month, 1-year, and 2-year recurrence-free rates of 91.3%, 73.9%, and 65.2%,
respectively, which appear superior to the aforementioned multicenter study. This difference may be attributable to
variations in patient populations; in our study, over 90% of patients receiving PA-TACE were classified as BCLC stage
A (early-stage HCC), whereas the multicenter study primarily included patients with intermediate-stage disease.
A randomized controlled trial led by Professor Jian Zhou similarly demonstrated that, compared with patients who did
not receive PA-TACE after surgery, those who did had a 2-year RFS rate of 64.8%,” which is consistent with the results
of the present study.

HAIC delivers anti-tumor agents directly into the hepatic artery via a catheter, enabling sustained local drug exposure
at the tumor site. Multiple multicenter phase III randomized clinical trials*® and meta-analyses®>’~* have demonstrated
that PA-HAIC significantly improves RFS compared to conventional therapies. Additionally, a randomized, open-label,
multicenter phase III clinical trial found that, for patients with postoperative M VI, those treated with PA-HAIC using the
FOLFOX regimen achieved significantly longer DFS compared to those who received routine follow-up only (20.3
months vs 10.0 months, P = 0.01). One-, two-, and three-year survival rates in the PA-HAIC group reached 93.8%,
86.4%, and 80.4%, respectively.*® In our present study, patients in the PA-HAIC group achieved recurrence-free survival
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PA-HAIC PA-TACE HR (95%CI)

No. of events/ No. of total

Variables n (%)
All patients 46 (100.00) 3/23
Age

<50 8(1739) 1/5

> 50 38 (82.61) 2/18
Blood transfusion

No 45(97.83) 3722

Yes 1(2.17) 0/1
Vascular invasion

No 44 (95.65) 2122

Yes 2(4.35) 171
NOLC

Multiple 4(8.70) 01

Single 42 (91.30) 3/22
Complete capsule

No 1(2.17) 171

Yes 45(97.83) 2/22
BCLC

A 43(93.48) 2/22

B 3(6.52) 171
HBsAg

No 2(4.35) 0/1

Yes 44 (95.65) 3/22
Child Pugh

A 44 (95.65) 3/23

B 2(4.35) 0/0
MVI

0 38 (82.61) 2/19

1 8(17.39) 1/4

14/23 4.16 (1.16 ~ 14.85)

173 1.58 (0.10 ~ 25.30)

13/20 5.20 (1.14 ~ 23.60)

14/23 3.88(1.08 ~ 13.89)

0/0 NA

13722 5.64 (1.24 ~ 25.62)

171 1615474875.20 (0.00 ~ Inf)
2/3 774289384.28 (0.00 ~ Inf)
12720 4.08 (1.13 ~ 14.75)

0/0 NA

14/23 6.11 (1.36 ~ 27.53)

13/21 5.94 (1.31 ~ 27.03)

172 946949246.12 (0.00 ~ Inf)
171 1615474875.20 (0.00 ~ Inf)
13/22 3.72(1.03 ~ 13.47)

13721 4.12(1.14 ~ 14.89)

172 NA

13/19 5.69 (1.25 ~25.92)

174 1.00 (0.06 ~ 15.99)

Figure 5 Subgroup analysis of RFS risk stratification for PA-HAIC and PA-TACE therapies.

Abbreviations: PA-HAIC, Postoperative adjuvant hepatic artery infusion chemotherapy; NOLC, Number of liver cancers; PA-TACE, Postoperative adjuvant transcatheter

arterial chemoembolization.

rates of 100%, 95.7%, and 95.7% at 6, 12, and 24 months, respectively, with corresponding overall survival rates also

Worse better

reaching 100%, 95.7%, and 95.7%, indicating similarly favorable outcomes.

In this study, PSM was used to minimize confounding bias. Covariate balance was assessed by SMD, and after
matching, all key covariates (such as CNLC stage, maximum tumor diameter, and surgical approach) had SMD values
<0.2, indicating an adequate balance. Following PSM, the PA-HAIC group achieved 6-, 12-, and 24-month RFS rates of
100%, 95.7%, and 95.7%, respectively, all of which were higher than those in the PA-TACE group (91.3%, 73.9%, and

Table 4 Treatment-Related Adverse Events

0.028

0.746
0.033

0.037
NA

0.025
1.000

1.000
0.032
NA

0.018

0.021
1.000

1.000
0.045

0.031
NA

0.025
1.000

P for intcraction

0.435

NA

0.998

NA

0.261

0.998

NA

0.294

Adverse Events PT-TACE PA-HAIC
Any Grade | > Grade 3 | Any Grade | > Grade 3

Elevated ALT 11 (47.8%) | (4.3%) 6 (26.0%) 0
Elevated AST Il (47.8%) 2 (8.6%) 7 (30.4%) | (4.3%)
Elevated bilirubin 8 (34.7%) 0 6 (26.0%) 0
Abdominal distension 3 (13.0%) 0 3 (13.0%) 0
Nausea and vomiting 7 (30.4%) | (4.3%) 5 (21.7%) 0
Abdominal pain 4 (17.3%) | (4.3%) 4 (17.3%) 0
Fever 5 (21.7%) 0 3 (13.0%) 0
Leukopenia 2 (8.6%) 0 4 (17.3%) 1 (4.3%)
Thrombocytopenia | (4.3%) 0 5 (21.7%) 0

Abbreviations: PA-HAIC, Postoperative adjuvant hepatic artery infusion chemotherapy; ALT,
alanine transaminase; AST, aspartate transaminase; PA-TACE, Postoperative adjuvant transcatheter
arterial chemoembolization.
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65.2%, respectively). Multivariate analysis confirmed that receiving PA-HAIC was an independent protective factor for
RFS after HCC resection. These findings suggest that PA-HAIC is more effective than PA-TACE in preventing early
recurrence following curative resection of HCC. Several potential advantages of PA-HAIC over PA-TACE may explain
these outcomes: First, PA-HAIC allows for sustained high intrahepatic concentrations of chemotherapeutic agents. In
contrast, PA-TACE achieves peak drug levels over a short period, with systemic release occurring within one hour.*® PA-
HAIC extends infusion time and stabilizes local drug concentrations, enhancing efficacy. Second, unlike PA-TACE, PA-
HAIC does not involve embolization, preserving hepatic arterial patency and ensuring uninterrupted drug delivery.'!
Third, PA-TACE may cause ischemic injury, triggering hypoxia-inducible factor-1o. (HIF-1a)) activation and promoting
liver fibrosis and deterioration of liver function.*' Other studies have shown that PA-TACE can increase circulating
tumor cells (CTCs), induce hypoxic stress, upregulate N-cadherin, HIF-1a, and vimentin, and downregulate E-cadherin
—changes that collectively promote HCC metastasis and raise the risk of tumor recurrence.** Additionally, our study
found that PA-HAIC appeared to outperform PA-TACE in improving OS, although no statistically significant differences
were observed in 1- and 2-year OS rates or in overall survival analysis. This finding warrants further investigation and
long-term follow-up.

In the multivariate Cox regression analysis following PSM, we identified PA-HAIC and intact tumor capsule as
independent protective factors for RFS, whereas vascular tumor thrombus was an independent risk factor. Previous
studies have demonstrated that incomplete tumor capsule is associated with poorer prognosis in patients with HCC.****
A predictive model for early recurrence following RO resection in HCC revealed that the risk of postoperative recurrence
was 2.06 times higher in patients with capsule infiltration compared to those with an intact capsule.*® Tumors with intact
capsules are generally less invasive and more confined to the primary site, thereby exhibiting a lower risk of recurrence.
Moreover, the presence of a complete capsule may facilitate RO resection, reducing microscopic residual disease and
consequently lowering the risk of postoperative recurrence. Adjuvant therapy has been shown to improve the prognosis
of patients with vascular tumor thrombus. However, vascular invasion includes portal vein tumor thrombus, hepatic vein
tumor thrombus, and bile duct thrombus, all of which reflect tumor cell invasion into the vascular system and indicate
a higher risk of distant micrometastases or intrahepatic dissemination. Even with surgical resection or PA-HAIC
treatment, some microscopic tumor emboli may have already spread into the distal microvasculature, increasing the
likelihood of recurrence. In this study, although the presence of vascular tumor thrombus was confirmed by postoperative
pathology, the specific type of thrombus was not clearly identified, and its relationship with RFS requires further
investigation.

Subgroup analysis of RFS after PSM revealed that age >50 years, solitary tumor, BCLC stage A, absence of
microvascular invasion (MVI), intact capsule, and absence of vascular tumor thrombus were associated with a lower
risk of early recurrence. Patients with solitary tumors, early-stage disease (BCLC A), no MVI, intact capsule, or no
vascular invasion demonstrated a relatively low probability of early recurrence following hepatic resection for HCC.

The occurrence rate of adverse serves as an essential metric for assessing therapeutic protocols. Our study showed
that the incidence of adverse events was higher in the PA-TACE group compared to the PA-HAIC group. Specifically,
elevated ALT, AST, and hyperbilirubinemia occurred in 45.3% vs 24.0%, 48.0% vs 28.0%, and 36.0% vs 24.0% of
patients, respectively. This difference may be attributed to embolic agents used in TACE, which compromise hepatic
blood flow and result in damage to normal hepatocytes. Furthermore, permanent arterial embolization may lead to severe
biliary complications. In contrast, the PA-HAIC group experienced fewer adverse events, all of which were tolerable, and
no new or unexpected adverse events were observed.

Despite the use of PSM to reduce confounding bias, this study has several limitations as a retrospective analysis:
Firstly, this study was conducted at a single center with a relatively limited sample size, which may lead to selection bias
and information bias inherent to retrospective data. The generalizability of our findings to other institutions remains to be
validated. Future large-scale, multicenter, prospective randomized controlled trials are warranted to further substantiate
our conclusions. Secondly, the relatively short follow-up duration precluded comprehensive assessment of OS in the
patient cohort. Due to the relatively short follow-up period, more than half of the patients in the PA-HAIC group had not
yet reached the OS endpoint by the last follow-up date, and the same applied to the PA-TACE group. As a result, only
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differences in the 2-year cumulative survival rates could be observed between the two groups. Long-term survival
benefits require further validation through extended follow-up.

Conclusion
In patients with high-risk factors for recurrence following curative resection of HCC, PA-HAIC significantly prolonged
RFS compared to PA-TACE. In terms of safety, the associated adverse events were within manageable limits.
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