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Purpose: This study aimed to assess the clinical efficacy and safety of the
combined approach involving hepatic arterial infusion chemotherapy (HAIC)
and tyrosine kinase inhibitors (TKls) for the treatment of advanced
hepatocellular carcinoma (HCC).

Patients and methods: In this multicenter retrospective study conducted from
January 2020 to December 2023, we reviewed advanced HCC patients who
were treated either with HAIC alone or with a combination of HAIC and TKis.
To address initial disparities between the two groups, we employed propensity
score matching (PSM). Tumor response evaluation was performed following
RECIST 1.1 criteria. We compared survival outcomes, including overall survival
(OS), progression-free survival (PFS), and objective response rate (ORR),
between the two treatment groups. Safety assessments were conducted
for all patients.

Results: Following the eligibility review, 138 patients underwent combined
treatment with HAIC and TKls (HT group), while 198 patients received HAIC
monotherapy (HA group) and met the inclusion criteria for enrollment in this
study. After PSM, 107 patients were assigned to each group. The HT group
exhibited a longer median OS (18.0 versus 8.8 months; hazard ratio [HR], 0.52,
p < 0.001) compared to the HA group. Median PFS was also longer in the HT
group, although without statistical significance (6.0 versus 4.7 months; HR,
0.85, p = 0.265). The HT group demonstrated a higher ORR (41.1% versus
25.2%; p = 0.020). No significant differences were observed between the two
groups in the incidence of all adverse events (AEs) or grade 3/4 AEs (any grade:
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81.2% for HT versus 78.8% for HA, p = 0.68; grade 3/4: 18.1% for HT versus 13.6%
for HA, p = 0.29). Importantly, all AEs were manageable and acceptable. Notably,
no grade 5 AEs occurred in either group.

Conclusion: Combination therapy involving HAIC and TKIs effectively prolonged
survival in advanced HCC patients. It represented a preferable alternative to HAIC
monotherapy, with manageable safety.

hepatocellular carcinoma, hepatic arterial infusion chemotherapy, tyrosine kinase
inhibitors, propensity score matching, combination therapy

1 Introduction

Hepatocellular carcinoma (HCC) ranks as the sixth most
common cancer globally and stands as the third leading cause of
cancer-related mortality (Sung et al., 2021). Due to its highly
asymptomatic nature, over 60% of cases progress to an advanced
stage upon diagnosis, precluding curative interventions (Cappuyns
et al., 2024). The prognosis for these patients is exceedingly grim,
with a median overall survival (OS) of approximately
2.7-4.0 months in the absence of treatment (Lu et al, 2019).
Consequently, there is a pressing need for potent therapies that
can significantly extend survival.

The Barcelona Clinic Liver Cancer (BCLC) staging system
recommends systemic therapy involving targeted therapy and
immunotherapy for advanced HCC patients at BCLC stage C
(Reig et al., 2022). Based on the promising outcomes from the
IMbravel50 trial, guidelines now advocate for atezolizumab-
bevacizumab combination therapy as the first-line treatment
choice for advanced HCC patients. However, multi-tyrosine
kinase inhibitors (TKIs) such as lenvatinib and sorafenib remain
viable options if the combination therapy is contraindicated
(Trevisani et al., 2024).

In addition to systemic therapies, FOLFOX-based hepatic arterial
infusion chemotherapy (HAIC) has demonstrated superior outcomes
compared to sorafenib for advanced HCC (Lyu et al., 2022). HAIC
delivers a concentrated dose of medication directly to liver tumors,
resulting in a significant local antitumor effect, and has been widely
used in primary and metastatic hepatic malignant tumors (Sidaway,
2022a). According to Chinese and Japanese guidelines, HAIC is the
recommended treatment for advanced HCC, particularly in patients
with major portal vein tumor thrombosis (PVTT) (Chen et al., 2020).
While a phase III trial has reported survival benefits from combining
sorafenib with HAIC using a modified FOLFOX regimen compared to
sorafenib monotherapy, the outcomes of HAIC plus TKIs versus
HAIC monotherapy remain unexplored (He et al., 2019).

In this retrospective study, we aimed to investigate the efficacy of
combined HAIC and TKIs compared to HAIC monotherapy in
advanced HCC patients.

2 Material and methods
2.1 Study design and patients

In this retrospective study, we investigated advanced HCC patients
who received HAIC either combined with or without TKIs between
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January 2020 and December 2023 at three teaching hospitals in China.
The patients were divided into two groups: the HA group (HAIC
monotherapy) and the HT group (HAIC combined with TKIs).

The inclusion criteria were as follows:

1. Aged 18-75 years

2. Radiologically or pathologically diagnosed HCC according to
the American Association for the Study of Liver Diseases
(AASLD) practice guidelines

3. Classified as BCLC C stage

. Without prior treatment for HCC

. Child-Pugh A or B, and Eastern Cooperative Oncology Group

Performance Status score (ECOG PS) of 0-1
. No other malignancies within the past 5 years

(SN

. Received at least two cycles of HAIC
. TKIs included only sorafenib and lenvatinib

O 0 NN

. Complete medical and follow-up data available
The exclusion criteria included:

1. Insufficient organ function or inadequate
hematologic function

2. Severe underlying cardiac, pulmonary, or renal disease

3. Discontinue treatment without progression or unacceptable
toxicities

4. Loss to follow up

Laboratory tests and imaging evaluations, including enhanced
computed tomography (CT) or magnetic resonance imaging (MRI),
were performed within a week before the initial treatment. The study
received approval from the Ethics Committee of the three teaching
hospitals, and informed consent was waived due to the retrospective
nature of the study.

2.2 Treatment procedures

2.2.1 HAIC treatment
HAIC was
protocols (Lyu et al, 2022). Briefly, based on tumor size,

administered following previously described

location, and arterial supply, the catheter tip was meticulously
inserted into branches of the tumor-feeding hepatic artery. The
HAIC regimen included oxaliplatin (130 mg/m’, administered from
hour 0 to 2 on day 1), leucovorin (200 mg/m’, administered from
hour 2 to 4 on day 1), and fluorouracil (400 mg/m? fluorouracil bolus
within 15 min, followed by 2,400 mg/m* fluorouracil maintenance
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over 46 h on days 1 and 2). After completion of chemotherapy, the
catheter and sheath were removed. Repeated HAIC sessions were
scheduled at 3-week intervals based on operator evaluation, with no
more than 8 cycles.

2.2.2 Lenvatinib treatment

Lenvatinib was administered once daily (12 mg to patients over
60 kg and 8 mg to patients under 60 kg) 3-5 days after the first HAIC
session. If grade 1/2 AEs occurred, the dosage was not adjusted, and
symptomatic treatment was provided to deal with the AEs as soon as
possible. If grade 3/4 AEs took place, the dose was reduced to 8 mg
and 4 mg, respectively, or the frequency was reduced to once every
2 days until the AEs were resolved or alleviated. If the AEs persisted,
lenvatinib was suspended until they were alleviated or disappeared.

2.2.3 Sorafenib treatment

Sorafenib was administered 400 mg twice a day, and 3-5 days
after the first HAIC session. If grade 1/2 adverse events (AEs)
occurred, the dosage was not adjusted, and symptomatic
treatment was provided to deal with the AEs as soon as possible.
If grade 3/4 AEs took place, the dose was reduced to 200 mg twice a
day, or the frequency was reduced to 400 mg once a day until the
AEs were resolved or alleviated. If the AEs persisted, sorafenib was
suspended until they were alleviated or disappeared.

The opportunity for conversion to salvage liver resection was
determined by a multidisciplinary team (MDT) and performed by
experienced surgeons with substantial expertise in hepatic resection.
Adverse events (AEs) of grade 1 or 2 were promptly managed
without altering treatment regimens. In cases of grade >3 AEs, the
regimen was adjusted until the AEs resolved or were alleviated. If
these AEs persisted, treatment was discontinued until resolution.

2.3 Assessment and outcomes

Contrast-enhanced CT or MRI scans were conducted every two
cycles by two
discrepancies in assessment results were resolved through

independent experienced radiologists. Any
consensus. Treatment response, overall response rates (ORR),
and disease control rates (DCR) were evaluated based on the
response evaluation criteria in solid tumors (RECIST) version

1.1. Specifically:

e ORR: Defined as the proportion of patients achieving
complete response (CR) or partial response (PR).

o DCR: Defined as the proportion of patients achieving CR, PR,
or stable disease (SD).

o OS: Measured from admission to death from any cause.

o PFS: Measured from admission to disease progression or death
from any cause, whichever occurred first.

o AEs during treatment were recorded and graded according to
CTCAE version 5.0.

2.4 Propensity score matching analysis
Propensity score matching (PSM) analysis was employed to

mitigate selection bias and harmonize patient characteristics.

Frontiers in Pharmacology

10.3389/fphar.2024.1410767

Stepwise logistic regression was utilized to identify variables
associated with treatment selection, including age, sex, ECOG-
PS, etiology, Albumin-Bilirubin (ALBI) score, Child-Pugh class,
tumor size, tumor number, alpha-fetoprotein (AFP) levels, PVTT,
and extrahepatic metastasis. A one-to-one nearest-neighbor
matching algorithm with a caliper of 0.2 (without replacement)
was applied.

2.5 Statistical analysis

Statistical analyses were conducted using R statistical software
(version 4.0.3; R Foundation Inc., Vienna, Austria) and SPSS
version 27.0 (SPSS, Chicago, IL, USA). Continuous variables
were expressed as either mean + standard deviation or median
(interquartile range, IQR), and comparisons were made using the
Student’s t-test or Mann-Whitney U test. Categorical variables
were presented as counts and percentages, and their differences
were assessed using the x* test or Fisher’s exact test. The Kaplan-
Meier method was employed for analyzing time-to-event variables,
and differences were evaluated using the log-rank test. Univariable
and multivariable Cox regression analyses were performed to
identify factors associated with survival. Variables with a
P-value <0.1 in univariate analysis were included in the
multivariate analysis. A two-sided P-value <0.05 was considered
statistically significant.

3 Results
3.1 Patient characteristics
The flowchart depicting patient selection is illustrated in

A total of 336 patients with advanced HCC
underwent eligibility assessment. Among them, 198 patients

Figure 1.

received HAIC monotherapy (HA group), while 138 patients
received combination therapy (HT group), with median follow-
up periods of 65.8 and 41.6 months, respectively. Sex, ECOG-PS,
and tumor number significantly differed between the two groups.
Consequently, PSM generated 107 patients in each group to
mitigate selection bias. Baseline patient characteristics were
well-matched between the groups after PSM (all p > 0.2)
(Table 1). Besides, the number of patients and the baseline
characteristics from different centers were compared in
Supplementary Table S1.

The majority of patients had hepatitis B virus (HBV)-related
HCC with preserved liver function. The median tumor diameter in
both groups exceeded 10 cm, and most patients had more than one
intrahepatic lesion before and after PSM, indicating a substantial
tumor burden among the enrolled patients. Prior to PSM, the
median number of HAIC sessions per patient in the HA group
was 4 (range: 2-8), compared to 3 (range: 2-8) sessions in the HT
group. Additionally, the TKIs category in the HT group included
sorafenib and lenvatinib, with the number of patients in each group
detailed in Supplementary Table S2. No statistically significant
differences were observed in OS and PFS between patients
receiving HAIC plus sorafenib or lenvatinib before and after

PSM (p > 0.05) (Supplementary Figure S1).
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Patients treated with HAIC or
HAIC-TKIs were reviewed
n =708

10.3389/fphar.2024.1410767

Excluded: n =372
Previous treatment n = 159
BCLCA/Bn=97

Patients met the inclusion
criteria and were finally enrolled
n=336

| }

Age > 75 yearsn =19

Child-Pugh Cn =32

ECOG-PS>2n=11

History of secondary malignancy n = 13
Incomplete follow-up data n =41

HAIC monotherapy HAIC combined with TKls
HA: n=198 HT: n=138
PSM
Ratio 1:1
HAIC monotherapy HAIC combined with TKls
HA: n=107 HT: n=107

FIGURE 1

Patient flowchart. PSM, propensity score matching; HT, HAIC combined with TKls; HAIC: hepatic arterial infusion chemotherapy; TKls, tyrosine
kinase inhibitors; BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group; PS, performance score.

3.2 Tumor response

Table 2 presents the best tumor responses according to RECIST
1.1 criteria. Prior to PSM, patients in the HT group achieved higher
rates of CR (5.8% vs. 1.6%, p = 0.032), PR (34.1% vs. 24.2%, p =
0.033), ORR (39.9% vs. 25.8%, p = 0.006), and DCR (84.8% vs.
73.7%, p = 0.016), with a lower rate of PD (15.2% vs. 26.3%, p =
0.006). After PSM, patients in the HT group continued to exhibit
higher rates of PR (36.4% vs. 23.4%, p = 0.026), ORR (41.1% vs.
25.2%, p = 0.020), and DCR (88.8% vs. 74.8%, p = 0.012), with a
lower rate of PD (11.2% vs. 25.2%, p = 0.012).

Besides, all cases of CR in the HA group (3 patients) and one
representative case of CR in the HT group exhibited in
Supplementary Figure S2.

Figure 2 illustrates patients who successfully underwent
surgical resection due to tumor downstaging or significant
shrinkage. Prior to PSM, a greater proportion of patients in the
HT group received surgical resection compared to the HA group
(22/138, 15.9% vs. 13/198, 6.6%; p = 0.007), with a higher rate of
pathological complete response (pCR) (15/22, 68.2% vs. 4/13,
46.2%; p = 0.043). After PSM, more patients in the HT group
underwent surgical resection (15/107, 14.0% vs. 9/107, 8.4%; p =
0.279), with a higher rate of pCR (11/15, 73.3% vs. 2/9, 22.2%;
p = 0.033).

3.3 Survival outcomes

Before PSM, 69 patients in the HT group and 175 in the HA
group had died by the end of the follow-up period. The median
OS was significantly longer in the HT group (19.0 months, 95%
CI: 15.0-24.0) compared to the HA group (8.8 months, 95% CI:
8.0-10.0; HR: 0.49, 95% CI: 0.37-0.64, p < 0.001). Additionally,
the HT group exhibited a significantly longer median PFS than
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the HA group (6.9 months, 95% CI: 5.5-9.0 vs. 4.9 months, 95%
CI: 3.8-5.8; HR: 0.72, 95% CI: 0.57-0.93, p = 0.009). Among the
107 PSM-matched pairs, the HT group continued to demonstrate
significantly longer median OS compared to the HA group
(18.0 months, 95% CI: 13.0-24.0 vs. 8.8 months, 95% CI:
7.4-12.0; HR: 0.52, 95% CI: 0.37-0.71, p < 0.001). Although
the median PFS was longer in the HT group compared to the HA
group, this difference was not statistically significant (6.0 months,
95% CI: 5.1-7.7 vs. 4.7 months, 95% CI: 3.2-6.1; HR: 0.85, 95%
CI: 0.63-1.13, p = 0.265) (Figure 3).

In addition, there were total 38 patients who experienced
reduction or discontinuation during the treatment period, and
24 patients reduced and 14 patients discontinued in the HT
group, respectively. The median overall survival (OS) and
median progression-free disease (PFS) were both significant
longer in the patients adherence to the TKI in the HT group
(OS: 19.3 months, 95% CI: 16.1-35.0 vs. 12.0 months, 95% CI:
9.0-23.5; HR: 0.54, 95% CI: 0.31-0.95, p = 0.013; PES:
7.6 months, 95% CI: 6.1-10.0 vs. 4.5 months, 95% CI:
2.8-9.2; HR: 0.63, 95% CI: 0.41-095 p = 0.029)
(Supplementary Figure S3).

3.4 Univariate and multivariate analysis

Univariate and multivariate analyses were performed to
identify predictors of OS and PFS, and the results are presented
in Table 3. Multivariate Cox regression analysis revealed that
combination therapy was an independent risk factor for both
OS (HR: 0.49; 95% CI: 0.36-0.65, p < 0.001) and PFS (HR:
0.76; 95% CI: 0.59-0.98, p < 0.032). Additionally, ALBI score,
AFP level, Vp3/4 PVTT and metastasis were independent risk
factors for OS, while metastasis remained an independent risk
factor for PFS.

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2024.1410767

Yang et al.

TABLE 1 Baseline characteristics of the study patients before and after PSM.

Characteristics

Before matching

After matching

10.3389/fphar.2024.1410767

HA (n = 198) HTs (n = 138) HA (n = 107) HT (n = 107)
Age (mean + SD, year) 50 £ 11 52 £ 12 0.058 50 + 11 51 £ 12 0.357
<60y 157 (79%) 99 (72%) 0.110 86 (80%) 81 (76%) 0.409
>60y 41 (21%) 39 (28%) 21 (20%) 26 (24%)
Sex 0.028 0.603
Male 174 (88%) 131 (95%) 98 (92%) 100 (93%)
Female 24 (12%) 7 (5%) 9 (8%) 7 (7%)
ECOG-PS <0.001 0.665
0 185 (93%) 99 (72%) 94 (88%) 96 (90%)
1 13 (7%) 39 (28%) 13 (12%) 11 (10%)
Etiology 0.478 >0.999
HBV 187 (94%) 127 (92%) 100 (93%) 101 (94%)
HCV 0 (0) 1. (1%) 0 (0) 0 (0)
No-hepatitis 11 (6%) 10 (7%) 7 (7%) 6 (6%)
ALBI 0.148 >0.999
1 77 (39%) 46 (33%) 40 (37%) 41 (38%)
2 121 (61%) 90 (65%) 67 (63%) 66 (62%)
3 0 (0) 2 (1%) 0 (0) 0 (0)
Child-Pugh 0.280 >0.999
A 182 (92%) 122 (88%) 100 (93%) 100 (93%)
B 16 (8%) 16 (12%) 7 (7%) 7 (7%)
Size (Mean * SD, cm) 12.6 £ 9.2 119 £ 32 0.291 12.0 + 3.07 12.0 £ 3.25 0.978
<10 cm 60 (30%) 39 (28%) 0.496 27 (25%) 28 (26%) 0.961
10-15 cm 100 (51%) 78 (57%) 63 (59%) 61 (57%)
>15 cm 38 (19%) 21 (15%) 17 (16%) 18 (17%)
Number <0.001 0.669
Single 44 (22%) 58 (42%) 37 (35%) 40 (37%)
Multiple 154 (78%) 80 (58%) 70 (65%) 67 (63%)
AFP (ug/L) 0.453 0.771
<400 68 (34%) 42 (30%) 36 (34%) 34 (32%)
>400 130 (66%) 96 (70%) 71 (66%) 73 (68%)
PVTT 0.391 0.609
Presence 153 (77%) 112 (81%) 84 (79%) 87 (81%)
Absence 45 (23%) 26 (19%) 23 (21%) 20 (19%)
Extrahepatic metastasis 0.639 0.891
Presence 117 (59%) 78 (57%) 59 (55%) 58 (54%)
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TABLE 1 (Continued) Baseline characteristics of the study patients before and after PSM.

Characteristics

Before matching

HA (n = 198) HTs (n = 138)

After matching

HA (n = 107) HT (n = 107)

Absence 81 (41%) 60 (43%)

48 (45%) 49 (46%)

Values are presented as n (%).
P values were calculated using a two-sided X test.

PSM, propensity score matching; HA, HAIC, monotherapy; HAIC, hepatic arterial infusion chemotherapy; HT, HAIC, combined with TKIs; TKIs, tyrosine kinase inhibitors; ECOG, eastern
cooperative oncology group; PS, performance score; HBV, hepatitis B virus; HCV, hepatitis C virus; ALBI, albumin-bilirubin; AFP, alpha-fetoprotein; PVTT, portal vein tumor thrombus.

TABLE 2 Treatment efficacy evaluated by RECIST 1.1 criteria before and after PSM.

Before matching

After matching

HA (n = 198) HT (n = 138) HA (n = 107) HT (n = 107)
Complete response 3 (1.6%) 8 (5.8%) 0.032 2 (1.8%) 5 (4.7%) 0.22
Partial response 48 (24.2%) 47 (34.1%) 0.033 25 (23.4%) 39 (36.4%) 0.026
Stable disease 95 (48.0%) 62 (44.9%) 0.088 53 (49.6%) 51 (47.7%) 0.78
Progressive disease 52 (26.3%) 21 (15.2%) 0.016 27 (25.2%) 12 (11.2%) 0.012
Overall response 51 (25.8%) 55 (39.9%) 0.006 27 (25.2%) 44 (41.1%) 0.020
Disease control 146 (73.7%) 117 (84.8%) 0.016 80 (74.8%) 95 (88.8%) 0.012

Summary of best response.
Values are presented as n (%).
P values were calculated using a two-sided X test.

PSM, propensity score matching; RECIST, response evaluation criteria in solid tumors; HA, HAIC, monotherapy; HAIC, hepatic arterial infusion chemotherapy; HT, HAIC, combined with

TKIs; TKIs, tyrosine kinase inhibitors.

3.5 Subgroup analysis

Forest plots (Figure 4) were generated to illustrate the
comparison between subgroups. Regarding OS and PFS, it was
observed that the HT group consistently demonstrated enhanced
benefits across almost all subgroups compared to the HA
group. These findings suggested that HAIC combined with TKIs
was effective for all analyzed subgroups of advanced HCC patients.

3.6 Safety

Treatment-related AEs (TRAESs) are listed in Table 4. The most
common TRAEs included nausea, hypoproteinemia, and diarrhea,
with most falling into grade 1 or 2. No significant differences were
observed in the overall incidence of any grade or grade 3/4 TRAEs.
However, TKIs-related AEs were notably more frequent in the HT
group, including hypertension, hand-foot skin reaction, dysphonia,
proteinuria, bleeding (gingiva), and joint pain. Importantly, these
AEs were manageable, and no treatment-related deaths occurred
during the treatment.

4 Discussion

This multicenter retrospective study demonstrated an
association between HAIC plus TKIs and extended OS by
9.2 months compared with HAIC monotherapy among patients
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with advanced HCC. These results were consistent across all
subgroup analyses. The combination therapy was also associated
with a significant improvement in overall tumor response and PFS
compared with HAIC monotherapy. Additionally, more patients in
the combination therapy group were able to undergo salvage liver
resection after tumor regression or necrosis, with 68.2% of patients
achieving pCR. Both HAIC combined with sorafenib or HAIC
monotherapy demonstrated acceptable safety profiles. These
results demonstrate that HAIC combined with TKIs is superior
to HAIC monotherapy in the treatment of advanced HCC.
Controversy persists between Western and Eastern approaches
to treating advanced HCC patients. While systemic therapies are
recommended as the first-line option in the West, locoregional
options such as transarterial chemoembolization (TACE), HAIC,
and even surgical resection have been adopted in the East,
particularly in China (Lu et al, 2019). The primary reason lies in
the high tumor burden observed in Chinese patients, a characteristic
consistent with our study. These patients require rapid control,
which locoregional approaches can provide. HAIC, delivering high
doses of chemotherapy directly through the hepatic artery to the
tumor, has demonstrated superior outcomes compared to both
TACE and sorafenib in China, elevating its status as a more
ambitious treatment option (Li et al, 2022; Lyu et al., 2022).
Consequently, Chinese guidelines recommend HAIC as a first-
line option for advanced HCC patients, especially those with
substantial tumor burden (Sun et al., 2022; Yau et al., 2022; Xie
et al., 2023; Zhao et al.,, 2024). Furthermore, previous studies have
highlighted the promising antitumor activity of HAIC combined
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A Conversion to resection

P =0.007

Patients (%)

Before matching

P=0.279

After matching
14.0
8.4

PCR after resection

B HT 15.9
EHA 6.6
B
80 -
P=0.043
60 -

Patients (%)
£~
o

20 -
0 -
Before matching
B HT 68.2
m HA 46.2

FIGURE 2

P=0.033

After matching
73.3
22.2

The rate of conversion to resection (A) and pCR after resection (B) between the two groups before and after PSM. P values were calculated using a
two-sided x? test. PSM, propensity score matching; HT, HAIC combined with TKls; HAIC: hepatic arterial infusion chemotherapy; TKIs, tyrosine kinase

inhibitors.

with sorafenib, surpassing sorafenib monotherapy (He et al., 2019;
Zheng et al,, 2022). Thus, the combination therapy of HAIC with
antiangiogenic agents emerges as a novel treatment strategy for
patients with advanced HCC.

Apart from sorafenib, lenvatinib has demonstrated comparable
tumor response and survival outcomes in patients with advanced

Frontiers in Pharmacology

HCC (Vogel et al,, 2021). Notably, a recent phase III clinical trial
(LANUCH) reported that TACE combined with lenvatinib
significantly  improved compared to lenvatinib
monotherapy (Peng et al, 2023). This finding suggests a
synergistic antitumor effect between locoregional therapy and
lenvatinib. However, the efficacy of lenvatinib in combination

survival
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with HAIC remains uncertain. In our study, more than 60% of
patients in the HT group received lenvatinib plus HAIC, and the
outcomes, including OS and PES, were comparable to those of
sorafenib plus HAIC, thus validating the synergistic effect of these
two treatment regimens. Additionally, it is important to note that
the current study population might have worse basic characteristics
than that of the IMbrave 150 trial (Finn et al., 2020), as all patients
included in our study were classified as BCLC C stage with high
tumor burden. Further studies are needed to compare bevacizumab
plus atezolizumab and HAIC combined with TKIs as the first-line
treatment for advanced HCC.

A previous study demonstrated that FOLFOX-HAIC yields a
favorable tumor response in advanced HCC patients with PVTT
(Yuan et al., 2023). On the contrary, it may be not an appropriate
choice for treating advanced HCC patients with extrahepatic
metastases, as its effect in controlling extrahepatic lesions is
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limited. However, according to some previous studies, patients
with tumor
response and survival outcomes compared to those without
distant metastases, but no statistical difference was observed (Lyu
et al., 2019; Ueshima et al., 2020). Besides, numerous research
studies and case reports have indicated long-term overall survival
(OS) benefits following HAIC therapy in advanced HCC patients
with extrahepatic metastases (Kogure et al., 2007; Yoshida et al.,
2014). The specific mechanisms underlying these favorable
outcomes remain unclear. One speculated reason is that after
HAIC treatment, chemotherapy drugs enter the
bloodstream, thereby reaching distant metastatic lesions and
exerting anti-tumor effects (Gao et al., 2018). Moreover, it is
widely agreed that the primary causes of death in most HCC
patients include liver function failure, upper gastrointestinal
bleeding, and progression of intrahepatic lesions. Consequently,

extrahepatic metastases demonstrated inferior

certain
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TABLE 3 Univariate and multivariate analyses of predictors of survival after treatment.

Characteristics

Overall survival

Univariate analysis

Multivariate analysis

Progression-free survival

Univariate analysis Multivariate analysis

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

Treatment (HT) 0.49 (0.37-0.64) <0.001 0.49 (0. 37-0.68) <0.001 0.73 (0.57-0.93) 0.010 0.76 (0.59-0.98) 0.032
Age (260y) 0.88 (0.64-1.21) 0.432 0.82 (0.62-1.10) 0.188
Sex (Female) 0.82 (0.54-1.24) 0.35 0.92 (0.62-1.36) 0.676
ECOG-PS (1) 0.75 (0.49-1.15) 0.19 0.70 (0.49-1.01) 0.056 0.77 (0.52-1.12) 0.171
Etiology (No-hepatitis) 0.63 (0.35-1.12) 0.12 0.73 (0.45-1.19) 0.202
ALBI (1) 0.75 (0.58-0.97) 0.031 0.71 (0.55-0.91) 0.009 0.88 (0.69-1.12) 0.299
Child-Pugh (B) 1.09 (0.68-1.74) 0.726 1.12 (0.75-1.68) 0.576
Size (cm)
<10 0.93 (0.70-1.24) 0.626 0.89 (0.68-1.16) 0.375
>15 1.28 (0.91-1.81) 0.157 1.16 (0.84-1.60) 0.366
Number (Single) 0.66 (0.49-0.88) 0.005 0.88 (0.59-1.08) 0.145 0.84 (0.65-1.09) 0.195
AFP (<400 pg/L) 0.74 (0.57-0.98) 0.032 0.69 (0.51-0.89) 0.004 0.81 (0.63-1.04) 0.097 0.81 (0.63-1.04) 0.100
PVTT 1.00 (0.74-1.35) 0.996 1.02 (0.77-1.36) 0.891

Vpl/2 1.00 (0.68-1.38) 0.871 1.01 (0.65-1.27) 0.732

Vp3/4 1.33 (1.09-1.75) 0.035 1.28 (1.08-1.53) 0.048 1.18 (0.91-1.35) 0.189
Metastasis (Absence) 0.76 (0.59-0.98) 0.033 0.74 (0.57-0.96) 0.023 0.75 (0.59-0.94) 0.015 0.72 (0.57-0.91) 0.006

Univariable and multivariable Cox regression analyses were performed to identify the factors associated with survival. Factors with p < 0.1 in univariate analysis were included in multivariate

analysis. Two-sided P< 0.05 was defined as statistically significant.

HA, HAIC, monotherapy; HAIC, hepatic arterial infusion chemotherapy; HT, HAIC, combined with TKIs; TKIs, tyrosine kinase inhibitors; ECOG, eastern cooperative oncology group; PS,
performance score; HBV, hepatitis B virus; HCV, hepatitis C virus; ALBI, albumin-bilirubin; AFP, alpha-fetoprotein; PVTT, portal vein tumor thrombus.

controlling extrahepatic lesions has minimal impact on patient
Additionally, in cases where patients
experience progression of distant extrahepatic lesions, sequential

survival prognosis.

administration of systemic therapeutic drugs can be employed for
their control. Therefore, some patients receiving initial HAIC
monotherapy were included in this study as the control
group. While in the multivariate analysis, it still revealed that
extrahepatic metastases were the sole independent prognostic
factors for both OS and PFS. As a systemic therapy option, TKIs
exert antitumor effects on both intrahepatic and extrahepatic
tumors. Furthermore, TKIs are multi-kinase inhibitors with
antiproliferative  and
hypoxia-induced angiogenesis

antiangiogenic  activities, countering
induced by HAIC (Sidaway,
2022b). Consequently, patients with extrahepatic metastases are
more likely to benefit from combination therapy.

In this study, we opted for HAIC combined TKIs as a potent
approach to rapidly reduce tumor burden. Previous reports have
indicated that TACE combined with HAIC may lead to better OS
and a higher conversion rate than TACE monotherapy for advanced
HCC patients (Li et al., 2021). Although TACE plus HAIC has been
reported as superior to TACE monotherapy in retrospective studies
(Lietal,2021; Yuan et al., 2023), whether this combination provides
benefits HAIC alone remains
unclear—especially HAIC has already
demonstrated significant OS improvement over TACE in HCC

survival compared  to

considering  that
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patients with high tumor burden (Li et al., 2022). Additionally,
the impact of TACE-induced vascular embolism on HAIC’s ability
to deliver chemotherapeutic drugs through tumor-associated
arterial branches remains unknown, necessitating further
investigation. Furthermore, the incidence of grade 3-4 AEs and
overall AEs was higher with TACE than with HAIC (Li et al., 2022),
and the addition of TKIs would likely further increase AE incidence.
In the absence of evidence supporting the superiority and safety of
TACE combined with HAIC, this combination therapy should be
cautiously considered for advanced HCC patients.

Except for in combination of HAIC and TKI, several clinical
studies are investigating the efficacy of HAIC combined with TKI
and ICI in HCC. Preliminary results indicate that this combination
shows promise in improving ORR and OS, comparing with
monotherapy or dual combination therapy. For instance, the
combination of HAIC with apatinib and camrelizumab has
demonstrated good efficacy and tolerability in some patients
(Zhang TQ. et al,, 2023). Combining HAIC with TKI and ICI
can produce a synergistic effect, enhancing overall antitumor
efficacy. HAIC reduces tumor burden, TKI inhibits tumor
growth, and ICI boosts the immune response against cancer cells.
This combination targets the tumor through multiple mechanisms,
reducing the likelihood of resistance and tumor escape (Llovet et al.,
2022). However, given that most of these studies were retrospective

or small-sample phase II clinical trials, the efficacy and safety need to
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A B
Subgroup HA (%) HT (%) os HR(95%Cl) P Subgroup  HA (%) HT (%) PFS HR(95%Cl) P
Overall 96/107 (89.7) 61/107 (57.0) —— 0.52 (0.37-0.71) <0.001 Overall 98/107 (91.6) 88/107 (82.2) —o 0.85(0.63-1.13)  0.264
Age (years) 1 Age (years) i
<60 79/88 (89.8)  47/81(58.0) —— ! 0.49 (0.34-0.71) <0.001 <60 80/88(90.9) 67/81(82.7) —at 0.80(0.58-1.11)  0.189
260 17/19(89.5)  14/26 (53.8) —— 0.65 (0.32-1.33) 0.238 >60 18/19(94.7)  21/26 (80.8) —— 0.99(0.52-1.89) 0.984
Sex ' Sex 4
Male 92/101(91.1) 55/100 (55.0) —— 0.49(0.35-0.68) <0.001 Male 94/101 (93.1) 81/100 (81.0) —r 0.81(0.60-1.09) 0.162
Female 4/6(66.7) 6/7(85.7) ——p— 1.06(0.29-3.89) 0.926 Female 4/6 (66.7) 7/7(100.0) ——+—— 2.00(051-7.91) 0321
ECOG-PS [ ECOG-PS 1
0 84/94 (89.4) 56/96 (58.3) —— 0.54 (0.38-0.75) <0.001 0 86/94 (91.5)  80/96 (83.3) —or 0.84 (0.62-1.15) 0.275
1 12/13(92.3) 5/11(455) ————i 0.36(0.12-1.02) 0.054 1 12/13(92.3)  8/11(72.7) —e— 0.74(0.29-1.91)  0.533
Etiology ! Etiology ]
92/101(91.1) 58/101(57.4) == ! 0.49 (0.35-0.68) <0.001 HBV 93/101(92.1) 83/101 (82.2) —ot 0.81(0.60-1.09) 0.155
No-hepatitis 4/6 (66.7) 3/6 (50.0) —_—T 0.60(0.11-3.38) 0.565 No-hepatitis 5/6 (83.3) 5/6 (83.3) % 2.30(0:52-10.21) 0273
ALBI i ALBI '
1 32/38(84.2) 23/40(57.5) = 0.54(0.32-0.93) 0.026 1 36/38(94.7) 33/40 (82.5) —e- 0.80(0.50-1.30) 0.374
2 64/69 (92.8)  38/67 (56.7) —=— 0.52(0.35-0.78) 0.002 2 62/69 (89.9) 55/67 (82.1) = 0.88(0.61-1.27)  0.501
Child-Pugh 1 Child-Pugh !
A 87/97 (89.7)  55/98(56.1) —— 0.51(0.36-0.72) <0.001 A 90/97 (92.8)  80/98 (81.6) - 0.87(0.64-1.17)  0.355
8 9/10(90.0)  6/9(66.7) —_—— 0.56 (0.19-1.66) 0.298 B 8/10(80.0) 8/9(889) ———+— 0.33(0.10-1.12)  0.076
Size (cm) ! Size (cm) 1
<10 24/26(92.3) 16/27(59.3) —— 0.54(0.29-1.03) 0.06 <10 23/26 (88.5) 22/27 (81.5) —— 0.82(0.45-1.48)  0.505
10-15 57/64(89.1) 32/61(52.5) — 0.47 (0.30-0.72) 0.001 10-15 60/64(93.8)  49/61 (80.3) - 0.88(0.60-1.29)  0.522
215 15/17(88.2)  13/19(68.4) L 0.55 (0.26-1.16) 0.115 >15 15/17 (88.2)  17/19 (89.5) — 0.67(0.33-1.34)  0.254
Number ! Number 1
Single 30/36(83.3) 20/39 (51.3) —— 0.44(0.25-0.77) 0.004 Single 33/36(91.7) 30/39(76.9) —e+ 0.72(0.44-1.19) 0.2
Multiple  66/71(93.0) 41/68 (60.3) —— 0.57 (0.39-0.85) 0.005 Multiple  65/71(91.5)  58/68 (85.3) —- 0.91(0.63-1.30)  0.608
AFP (1g/L) ' AFP (ug/L) :
<400 34/38(89.5)  18/34(52.9) —e— 0.51(0.28-0.92) 0.025 <400 33/38(86.8) 25/34(73.5) —— 0.91(0.54-1.55)  0.732
>400 62/69 (89.9) 43/73(58.9) —— 0.46 (0.31-0.69) <0.001 >400 65/69 (94.2) 63/73 (86.3) — 0.82(0.58-1.16)  0.254
PVTT h PVTT i
Presence  72/82(87.8) 49/88(55.7) —— ! 0.50(0.35-0.72) <0.001 Presence  75/82(91.5) 72/88(81.8) —r 0.83(0.60-1.15)  0.257
Absence  24/25(96.0) 12/19(63.2) — 0.51(0.25-1.04) 0.062 Absence  23/25(92.0) 16/19(84.2) —— 1.02(0.53-1.95) 0.954
Metastasis ! Metastasis |
Presence  58/63(92.1) 34/57 (59.6) —— 0.50 (0.33-0.77) 0.001 Presence  56/63 (88.9) 49/57 (86.0) —r 0.86(0.59-1.27)  0.455
Absence 38/44 (86.4)  27/50 (54.0) = 0.53(0.32-0.87) 0.013 Absence  42/44(95.5)  39/50 (78.0) — 0.81(0.52-1.26)  0.355
Conversion ! Conversion 1
Yes 8/9(88.9)  9/15(60.0) —_— 0.55(0.21-1.48) 0.239 Yes 9/9(100.0)  13/15(86.7) — 0.72(0.31-1.70)  0.455
No 88/98 (89.8)  52/92(56.5) ERauil 0.51(0.36-0.72) <0.001 No 89/98 (90.8)  75/92 (81.5) — 0.88 (0.65-1.21)  0.437
R Y
-— -—
Favors HT Favors HA Favors HT Favors HA
FIGURE 4

Forest plots based on OS (A) and PFS (B) of each subgroup. P values were calculated using Log-rank test. PSM, propensity score matching; HT, HAIC
combined with TKls; HAIC: hepatic arterial infusion chemotherapy; TKIs, tyrosine kinase inhibitors; ECOG, Eastern Cooperative Oncology Group; PS,
performance score; HBV, hepatitis B virus; ALBI, albumin-bilirubin; AFP, alpha-fetoprotein; PVTT, portal vein tumor thrombus; OS, overall survival PFS:

progression-free survival; HR: hazard ratio; Cl: confidence interval.

be further validated by large-sample prospective clinical studies.
Besides, during our study period, most ICIs were not approved for
HCC and thus were not covered by medical insurance in China,
which resulted in increasing the financial burden on patients,
leading them to refuse immunotherapy. Therefore, ICI was not
chosen as a first-line treatment option for patients in this study.

In our retrospective study, we employed PSM to mitigate group
differences. However, in the matched cohort of this study, although PFS
was longer in the HT group compared to the HA group, there was no
statistically significant difference between the two groups. One possible
explanation is that combination therapy may rapidly reduce tumor
burden but has a limited role in preventing tumor progression and
metastasis. This suggests that further refinement of combination
therapy is necessary. Regarding subgroup analyses, notably, the
integration of TKIs with HAIC demonstrated significantly improved
OS and PFS outcomes compared to HAIC monotherapy. These benefits
were observed regardless of tumor size, tumor number, or the presence
of vascular invasion or extrahepatic metastasis. These findings suggest
that combining HAIC with TKIs could offer a superior therapeutic
approach for advanced HCC, irrespective of tumor burden. However, it
is worth noting that within the female and no-hepatitis subgroups, the
combination group did not achieve superior survival outcomes, possibly
due to the small sample size. Validation in a larger cohort is warranted
for further confirmation.

A previous study has reported that HAIC exhibits a higher ORR
compared to TACE based on RECIST 1.1 criteria, resulting in a
higher conversion rate for unresectable HCC patients (Deng et al.,
2023a). Recent research has highlighted that combination therapy
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can significantly enhance the likelihood of converting to liver
resection after reducing tumor burden resulting in a relatively
high rate of pCR (Zhu et al,, 2021; Zhang W. et al., 2023; Deng
et al., 2023b; Kudo et al., 2023; Vitale et al., 2023; Trevisani et al.,
2024). Notably, the conversion rate is closely tied to the ORR within
a relatively short timeframe (Chen et al., 2024). In our study, the
ORR was markedly higher in the HT group, which also exhibited a
greater rate of conversion to liver resection and pCR. These findings
suggest that combination therapy may facilitate curative treatment
for a larger proportion of patients.

In addition to favorable outcomes, combination therapy led to a
moderate increase in the incidence of AEs. Notably, there was a
higher occurrence of AEs related to TKIs, consistent with findings
from previous trials involving sorafenib and lenvatinib (Llovet et al.,
2008; Cheng et al., 2009; Kudo et al., 2018). Fortunately, these AEs
were generally manageable with appropriate supportive medications
and did not exacerbate the disease or necessitate discontinuation of
therapy. Interestingly, the incidence of AEs in the HT group was
higher than that observed in patients treated with HAIC plus
sorafenib in a previous study (He et al.,, 2019). This discrepancy
might be attributed to the fact that our enrolled patients had more
Another
notable HAIC-specific AE was abdominal pain, resulting from

advanced disease and worse baseline characteristics.

arteria vasospasm during oxaliplatin infusion. Unfortunately,
there are currently no foolproof methods to completely alleviate
this specific pain. However, prescribing pain relief and spasm-
relieving medications or adjusting the infusion rate of oxaliplatin
may help mitigate the discomfort (Lv et al., 2016; Wu et al,, 2021). In
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TABLE 4 Treatment-related adverse events.

10.3389/fphar.2024.1410767

Adverse event Any grade Grade 3/4

HA (n = 198) HT (n = 138) HA (n = 198) HT (n = 138)
Opverall incidence 156 (78.8) 112 (81.2) 0.68 27 (13.6) 25 (18.1) 0.29
Abdominal pain 46 (23.2) 39 (28.3) 0.31 5(2.5) 4(29) 0.54
Nausea 98 (49.5) 62 (44.9) 0.44 10 (5.1) 6 (4.3) 0.49
Diarrhea 51 (25.8) 41 (29.7) 0.46 5 (2.5) 3(22) 0.57
Fever 36 (18.2) 25 (18.1) 0.56 0 (0) 0 (0) -
Decreased appetite 49 (24.7) 40 (29.0) 0.45 5(2.5) 4 (2.9) 0.55
Rush 13 (6.6) 15 (10.9) 0.17 0 (0) 2 (14) 0.17
Fatigue 25 (12.6) 17 (12.3) 0.54 0 (0) 0 (0) -
Hypoproteinemia 53 (26.8) 43 (31.2) 0.39 2 (1.0) 1(0.7) 0.63
Elevated bilirubin 19 (9.6) 8 (5.8) 0.23 0 (0) 0 (0) -
Elevated ALT 30 (15.2) 22 (15.9) 0.88 1 (0.5) 0 (0) 0.59
Elevated AST 36 (18.2) 26 (18.8) 0.89 1(05) 0 (0) 0.59
Hypothyroidism 3 (1.5) 6 (4.3) 0.17 0 (0) 1(0.7) 0.41
Neurologic toxicity 38 (19.2) 31 (22.5) 0.49 0 (0) 0 (0) -
Leukopenia 36 (18.2) 24 (17.4) 0.89 5(2.5) 3(22) 0.57
Thrombocytopenia 25 (12.6) 19 (13.8) 0.87 3 (1.5) 2(14) 0.67
Hypertension 12 (6.1) 39 (28.3) <0.001 0 (0) 3(22) 0.068
Hand-foot skin reaction 0 (0) 23 (16.7) <0.001 0 (0) 3(2.2) 0.068
Dysphonia 0 (0) 26 (18.8) <0.001 0 (0) 1(0.7) 041
Proteinuria 2 (1.0) 17 (12.3) <0.001 0 (0) 2 (14) 0.17
Bleeding (gingiva) 6 (3.0) 9 (6.5) <0.001 1(0.5) 3(22) 0.19
Joint pain 9 (4.5) 18 (13.0) 0.007 0 (0) 2 (14) 0.17

Values are presented as n (%).
P values were calculated using a two-sided ¥ test.

HA, hepatic arterial infusion chemotherapy; HT, HAIC, combined with TKIs; TKIs, tyrosine kinase inhibitors; ALT, alanine transaminase; AST, aspartate aminotransferase.

summary, the combination of HAIC with TKIs demonstrated a safe
and tolerable profile.

Our study has several potential limitations that warrant
consideration. First, as a retrospective study, inherent selection
bias is unavoidable. Therefore, we employed PSM and subgroup
analysis to minimize differences between the two groups. Second, it
is essential to emphasize that our study was conducted in China,
where HCC patients are predominantly influenced by the HBV.
Consequently, our findings may have limitations when extrapolated
to HCC patients with different etiologies. Finally, given that our
study involved multiple centers, variations in the criteria for HAIC
may exist among different institutions.

5 Conclusion

In conclusion, when compared to HAIC monotherapy,
combination therapy involving HAIC combined with TKIs yielded

favorable tumor responses and improved long-term survival outcomes
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for patients with advanced HCC. Importantly, a substantial number of
patients achieved curative liver resection following successful
conversion. Consequently, combination therapy emerges as a
promising treatment strategy for advanced HCC patients.
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