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Abstract: Objectives: Although systemic chemotherapy (SC) is the mainstay for treating
unresectable intrahepatic cholangiocarcinoma (ICC), its efficacy is limited and it causes
severe systemic side effects. This study focuses on evaluating the effectiveness and safety
of hepatic arterial infusion chemotherapy (HAIC) in combination with lenvatinib plus pro-
grammed death-1 (PD-1) inhibitors (HLP), compared to SC in combination with lenvatinib
plus PD-1 inhibitors (SCLP) for unresectable ICC. Methods: We analyzed patients initially
diagnosed with unresectable ICC at our center between March 2021 and December 2023,
classifying them into HLP and SCLP groups according to treatment regimen. This study
assessed and compared overall survival (OS), progression-free survival (PFS), tumor re-
sponse, and safety outcomes across the two treatment groups. Results: This study enrolled
53 subjects in total; 25 were treated with HLP and 28 with SCLP. The two groups showed
well-matched baseline characteristics. The HLP group reported an extended median OS
(12.8 vs. 11.0 months, p = 0.310) and a prolonged median PFS (8.8 vs. 6.4 months, p = 0.043),
compared to the SCLP group. The HLP group had a better objective response rate (ORR)
(52% vs. 25%, p = 0.043) and disease control rate (DCR) (96% vs. 78.6%, p = 0.104). Based
on OS (p = 0.019) and PFS (p = 0.032) results, those without extrahepatic metastasis seemed
to benefit more significantly from the HLP regimen than from the SCLP regimen. The
HLP group experienced fewer grade 3—4 adverse events (AEs) than the SCLP group. Con-
clusions: The HLP regimen for unresectable ICC is an effective and safe strategy and is
potentially better suited for patients without extrahepatic metastases.

Keywords: hepatic artery infusion chemotherapy; PD-1 inhibitors; overall survival;
lenvatinib; unresectable intrahepatic cholangiocarcinoma

1. Introduction

Intrahepatic cholangiocarcinoma (ICC) represents a condition formed by cancer cells
in the bile ducts within the liver. Among all primary liver cancers, ICC is second only to
that of hepatocellular carcinoma (HCC), comprising 10-15% of cases [1]. ICC occurrence
has been showing a significant upward trend worldwide, with a notably higher rate in
Asian populations compared to European populations [2—4]. ICC is highly aggressive and
prone to both lymph node and extrahepatic metastasis by invading surrounding organs,
tissues, and nerves, resulting in an unfavorable prognosis [5]. Achieving full surgical
removal offers the greatest opportunity for extended survival among ICC patients [6].
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Unfortunately, the majority of patients with ICC have reached an advanced local phase
or presented with remote metastases upon diagnosis [7]. Advanced unresectable ICC has
a poor outlook, with few available treatment options and a five-year survival rate that
generally falls below 5% [8].

Systemic chemotherapy (SC) remains the primary treatment option for most cases of
unresectable ICC. Among first-line therapies, the gemcitabine/cisplatin (GEMCIS) regimen
has been established as the standard. The pivotal ABC-02 study demonstrated that the
GEMCIS regimen significantly improved median overall survival (OS), achieving it at
11.7 versus 8.1 months, and increased median progression-free survival (PFS), reaching 5.0
versus 8.0 months, compared to gemcitabine monotherapy [9]. However, oxaliplatin is often
preferred over cisplatin due to its lower risk of nephrotoxicity and the emergence of cisplatin
resistance. A study reports that gemcitabine/oxaliplatin (GEMOX) has similar efficacy to
GEMCIS and also reduces toxicity [10]. Additionally, a phase III trial demonstrated that
a folinic acid, fluorouracil, and oxaliplatin (FOLFOX) regimen can significantly extend
patients” OS compared to active symptom control and has become the standard second-line
therapy [11]. Despite the clinical benefits of SC for unresectable ICC, its efficacy remains
limited, underscoring the urgent need for new treatment approaches.

Hepatic arterial infusion chemotherapy (HAIC) continuously delivers anticancer
agents straight to the tumor’s blood supply through hepatic artery cannulation. This ap-
proach not only increases the drug concentration at the tumor site, allowing for longer drug—
tumor cell interactions and enhanced targeting, but also reduces systemic toxicity [12,13].
Several studies have indicated that HAIC serves as a viable approach for managing un-
resectable ICC [14,15]. Developments in immunotherapy have made it possible to treat
ICC with immune checkpoint inhibitors; typical examples include programmed death
1/L1 (PD-1/PD-L1) inhibitors [16,17]. Lenvatinib, an agent targeting multiple tyrosine
kinases with anti-angiogenic properties, has demonstrated efficacy in individuals with
unresectable ICC [18]. However, the efficacy of either PD-1 inhibitors or lenvatinib alone or
together remains suboptimal [19]. Recent investigations have reported that a triple regimen
combining HAIC, lenvatinib, and PD-1 inhibitors greatly improves outcomes in cases of
unresectable HCC [20,21]. Despite these encouraging outcomes, reports on the use of this
combination therapy in ICC remain limited.

There may be a combined effect among HAIC, lenvatinib, and PD-1 inhibitors. Defin-
ing the advantages and possible adverse effects of this treatment combination is crucial
for refining therapeutic approaches and enhancing patient outcomes. This article presents
a study evaluating the effectiveness and safety of HAIC, lenvatinib, and PD-1 inhibitors
(HLP) as a combination approach in managing unresectable ICC, comparing clinical out-
comes with those in patients undergoing SC, lenvatinib, and PD-1 inhibitors (SCLP) in a
similar center and period.

2. Materials and Methods
2.1. Study Subject and Selection Criteria

This retrospective study, carried out at the First Affiliated Hospital of Nanchang
University from March 2021 to December 2023, involved 53 patients receiving either HLP
or SCLP treatment as first-line therapy. Participants qualified for inclusion in this study
provided they fulfilled the specific criteria outlined below: (1) they were initially diagnosed
with ICC confirmed by both pathology and imaging, and their disease had been assessed
as unresectable by two experienced hepatobiliary surgeons. Unresectable cases include
tumors closely adjacent to major blood vessels, making RO resection unachievable; those
with vascular invasion, lymph node metastasis, or distant metastasis; and cases where
the remaining liver volume after resection does not meet the criteria of the safe liver
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resection decision-making system; (2) they were aged between 18 and 78 years; (3) they
had undergone at least one cycle of HAIC or SC treatment, both alongside lenvatinib and
a type of PD-1 inhibitors; (4) they had an Eastern Cooperative Oncology Group (ECOG)
performance status score of either 0 or 1; and (5) they presented with a minimum of
evaluable target lesion detectable through imaging as defined by the Response Evaluation
Criteria in Solid Tumors (RECIST) 1.1 criteria. The primary reasons for exclusion are
listed below: (1) liver function evaluation criteria (Child-Pugh) class C; (2) history of other
malignancies; (3) anticipated survival time of under 3 months; (4) incomplete clinical data;
or (5) lost to follow-up.

2.2. Treatments

Before undergoing HAIC treatment, it is essential to ensure that patients have ade-
quate liver function reserve. For patients with significant obstructive jaundice due to bile
duct obstruction, percutaneous transhepatic catheter drainage(PTCD) drainage should
be performed before HAIC to reduce bilirubin levels to less than three times the normal
value. At our center, under local anesthesia, the Seldinger technique is used to puncture
the right femoral artery, and tumor-feeding vessels are visualized using digital subtraction
angiography. A microcatheter is then super-selected into the tumor-feeding artery. Finally,
GEMOX chemotherapy is infused on the ward, as follows: gemcitabine (1000 mg/m? over
30 min) on the first day, followed by oxaliplatin (85 mg/m? over 2 h) on the same day.
HAIC was administered every three weeks, with patients in this study receiving between
one and eight treatment cycles.

Two regimens were used for SC. For the GEMCIS, every cycle involved adminis
tering cisplatin (25 mg/m?) and gemcitabine (1000 mg/m?), given on both the first and
eighth days. Another GEMOX cycle included oxaliplatin (85 mg/m?) on the first day, with
gemcitabine (1000 mg/m?) given according to the same schedule. Both regimens were
administered every three weeks. Dose adjustments, such as a reduction in or omission of
chemotherapy on day 8, were considered if the patient exhibited intolerance, continuing
until disease advancement.

PD-1 inhibitors were given intravenously for 1 to 3 days following HAIC or SC. The
options included 200 mg of camrelizumab, tislelizumab, or sintilimab, and 240 mg of
toripalimab, administered on a triweekly basis. Lenvatinib was administered orally, at
a dosage 12 mg or 8 mg daily depending on whether the patient weighed > 60 kg or
<60 kg, respectively, with dosage adjustments based on the severity of adverse reactions.
If the treatment showed effectiveness, a multidisciplinary team would meet to determine
whether to move forward with conversion surgery for resection or to continue treatment
involving lenvatinib and PD-1 inhibitors.

2.3. Data Acquisition and Assessment

Clinical data for all patients were collected from our center’s electronic medical record
system, including demographic indicators (e.g., age, gender, HBV, ECOG performance
status, Child-Pugh classification, etc.), tumor-related information (e.g., largest tumor dimen-
sion, tumor numbers, vascular invasion, lymph node metastasis, extrahepatic metastasis,
tumor TNM stage, number of treatment cycles, etc.), and relevant laboratory parame-
ters (e.g., carbohydrate antigen 19-9 (CA19-9), carcinoembryonic antigen (CEA), aspartate
aminotransferase (AST), alanine aminotransferase (ALT), albumin (ALB), alkaline phos-
phatase (ALP), gamma-glutamyl transferase (GGT), etc.). Before the first treatment within
1-2 weeks, patients underwent laboratory tests and imaging studies to evaluate the target
lesion. Thereafter, laboratory evaluations were performed ahead of each treatment to
monitor treatment-related complications. During the treatment period, tumor response
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underwent assessment every 6 to 8 weeks following RECIST 1.1 and modified RECIST
(mRECIST) criteria, with the best response recorded by at least two specialized radiologists
without information on the patient’s therapeutic plans or results. The study continued until
1 July 2024.

Progression-free survival (PFS), as the primary endpoint, refers to the period starting with
the first HAIC or SC treatment, extending until tumor progression, death due to the tumor,
or the most recent follow-up, whichever happens first. Overall survival (OS) is defined as
the timeframe beginning with HAIC or SC treatment initiation and continuing until death
from tumor-related causes or the most recent follow-up. Tumor response indicators include
complete response (CR), partial response (PR), stable disease (SD), and progressive disease
(PD). The overall response rate (ORR) comprises CR and PR, while the disease control rate
(DCR) encompasses CR, PR, and SD. The assessment of AEs was conducted using the Common
Terminology Criteria for Adverse Events (CTCAE) version 5.0.

2.4. Data Analysis

Categorical variables across the patients’ baseline profile were analyzed with the
chi-square test or Fisher’s exact test; while measurements following normal distribution
were reported with the t-test as mean + SD, for data that were not normally distributed, the
median (IQR) was presented using the rank-sum test. The Kaplan-Meier method produced
survival curves for PFS and OS, with differences between them evaluated using the log-
rank test. Factors potentially influencing patients’ prognosis were examined through
univariate analyses, and those with a p-value < 0.1 were then incorporated into multiple
regression analyses. A two-sided p-value < 0.05 demonstrates a statistical difference. All
statistical analyses were conducted with RStudio (version 4.3.1, R Foundation for Statistical
Computing, Vienna, Austria) and SPSS (version 26, IBM Corp., Armonk, NY, USA).

3. Results
3.1. Patient Characteristics

We ultimately included 53 patients with unresectable ICC, with 25 treated with HLP
and 28 treated with SCLP (Figure 1). The HLP and SCLP groups had comparable baselines;
see Table 1 for details. Patients in the HLP group underwent one to eight cycles, averaging
three, while those in the SCLP group underwent one to nine cycles, averaging four. The
average largest tumor diameter in the HLP group was 8.13 cm, with 52% having multiple
tumors, and 84% in TMN stages III-IV. In contrast, the average largest tumor diameter in
the SCLP group was 7.1 cm, with 67.9% having multiple tumors and 85.7% in TMN stages
III-IV. Most patients presented with high-burden tumors and later TNM stages, consistent
with the theme of unresectability.

3.2. Survival

The follow-up duration medians were 12.3 months (range: 5.1-39.7) and 11.0 months
(range: 4.3-34.6) for the two treatment groups, respectively. Up to the latest follow-up on
1 July 2024, disease progression occurred in 21 patients (84%) from the HLP group, with 17
(68%) deaths. In the SCLP group, 27 patients (96%) had tumor progression, and 21 (75%)
had passed away. The median OS for the HLP group was 12.8 months (95% CI: 8.7-16.9),
compared to 11.0 months (95% CI: 8.5-13.5) for the SCLP group (p = 0.310, Figure 2A). For
PFS, the HLP group showed a median of 8.8 months (95% CI: 3.4-14.2), notably exceeding
the 6.4 months (95% CI: 4.4-7.6) observed for the SCLP group (p = 0.043, Figure 2B). By
analyzing patients without extrahepatic metastasis as a separate subgroup, we found that
those in the HLP group showed significantly superior results in not only OS (p = 0.019,
Figure 3A) but also PFS (p = 0.032, Figure 3B). However, for patients with extrahepatic
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metastases, the OS (p = 0.079, Figure 3C) and PFS (p = 0.620, Figure 3D) in the HLP group
showed no significant differences compared to those in the SCLP group.

Table 1. The baseline characteristics of all patients (n = 53).

N HLP Group SCLP Group
Characteristic n =025 n =028 p-Value
Gender, n (%) 0.610
Male 16 (64%) 16 (57%)
Female 9 (16%) 12 (43%)
Age, median (IQR), years 63 (53.5-66) 58.5 (52.75-65) 0.574
HBV, n (%) 0.365
postive 12 (48.0%) 10 (35.7%)
negative 13 (52.0%) 18 (64.3%)
ECOG performance status, n (%) 0.963
0 18 (72.0%) 20 (71.4%)
1 7 (28.0%) 8 (28.6%)
Child-Pugh class, n (%) 0.355
A 24 (96.0%) 24 (85.7%)
B 1 (4.0%) 4 (14.3%)
Liver cirrhosis, n (%) 0.243
Yes 10 (40.0%) 7 (25%)
No 15 (60.0%) 21 (75%)
Cycle times, median (IQR) 3 (2-4) 3 (2-5) 0.270
Extrahepatic metastasis, n (%) 0.983
Yes 9 (36.0%) 10 (35.7%)
No 16 (64.0%) 18 (64.3%)
Lymph node metastasis, n (%) 0.706
Yes 19 (76.0%) 20 (71.4%)
No 6 (24.0%) 8 (28.6%)
Vascular invasion, n (%) 0.135
Yes 9 (36.0%) 5 (17.9%)
No 16 (64.0%) 23 (82.1%)
Tumor numbers, n (%) 0.239
Single 12 (48.0%) 9 (32.1%)
Multiple 13 (52.0%) 19 (67.9%)
TNM stage, n (%) 1.000
I-1I 4 (16.0%) 4 (14.3%)
I-1v 21 (84.0%) 24 (85.7%)
Largest tumor dimension, mean =+ SD, cm 8.13 £+ 3.59 7.10 + 3.52 0.323
CA19-9, median (IQR), U/ml 165 (30.975-901) 417.65 (23.275-2554.65) 0.715
CEA, median (IQR), U/m 4.45 (2.335-15.455) 3.56 (1.703-8.01) 0.340
AST, median (IQR), U/L 38.4 (28.15-50.25) 35.5 (22.83-44.15) 0.190
ALT, median (IQR), U/L 25.7 (17.2-45.5) 23.8 (20.0-37.14) 0.831
ALB, mean + SD, g/L 38.42 + 3.494 38.812 + 4.097 0.712
GGT, median (IQR), U/L 147 (70.50-259.55) 78.67 (53.95-183.75) 0.113
ALP, median (IQR), U/L 164.1 (93.10-240.20) 132.77 (97.80-174.91) 0.412

Notes: HLP, hepatic artery infusion chemotherapy with Lenvatinib and PD-1 inhibitors; SCLP, systemic chemother-
apy with lenvatinib and PD-1 inhibitors; ECOG, Eastern Cooperative Oncology Group; TNM, tumor—-node-
metastasis; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; ALB, albumin; GGT, gamma-glutamy]l transferase; ALP, alkaline phosphatase.
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Patients with unresectable ICC treated with first-line HAIC or SC
from March 2021 to December 2023

104 cases were excluded:

Combined with other treatments except lenvatinib and
PD-1 inhibitors (n=44)

Lack of pathologic diagnosis (n=20)

"| HCC-ICC mixture Tumor (n=12)

Child-Pugh C class (n=3)

Previously treated with other therapies (n=10)
History of other malignancies (n=15)

Patients treated with HAIC or SC, both in combination
with levatinib and PD-1 inhibitors
(n=90)

Patients treated with HAIC
in combination with
lenvatinib and PD-1

4

Patients treated with SC in
combination with lenvatinib

inhibitors and PD-1 inhibitors
(n=44) (n=46)

19 cases were excluded: 18 cases were excluded:
Incomplete clinical data (n=11) Incomplete clinical data (n=10)
Expected survival <3 months (n=1) Combined local therapy during
No measurable target lesions (n=4) +—————— »treatment (n=3)

Combined chemotherapy during Expected survival <3 months (n=1)
treatment (n=1) No measurable target lesions (n=1)
Lost to follow-up (n=2) ’ Lost to follow-up (n=3)
HAIC+Henvatinib+PD-1 SCHenvatinib+PD-1
inhibitors inhibitors
(HLP group) (SCLP group)
n=23 n=28

Figure 1. Flowchart depicting the experimental design.
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Figure 2. Kaplan-Meier plots for overall survival (A) and progression-free survival (B) for all
patients. Notes: HLP, hepatic artery infusion chemotherapy with lenvatinib and PD-1 inhibitors;
SCLP, systemic chemotherapy with lenvatinib and PD-1 inhibitors.
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Figure 3. Kaplan-Meier plots for overall survival (A) and progression-free survival (B) for patients
without extrahepatic metastasis and overall survival (C) and progression-free survival (D) for patients
with extrahepatic metastasis. Notes: HLP, hepatic artery infusion chemotherapy with lenvatinib and
PD-1 inhibitors; SCLP, systemic chemotherapy with lenvatinib and PD-1 inhibitors.
3.3. Tumor Response
An elevated ORR (52% vs. 25%, p = 0.043, based on RECIST 1.1; 68% vs. 32.1%,
p = 0.009, based on mRECIST) and DCR (96% vs. 78.6%, p = 0.104) were observed in
the HLP group compared to the SCLP group (Table 2). Moreover, two patients (8.0%)
from the HLP group and one patient (3.6%) from the SCLP group successfully underwent
RO resection after treatment. Their postoperative pathology confirmed that one patient
achieved pathological complete response (pCR), while another patient exhibited extensive
tumor necrosis. As shown in Figure 4, waterfall plots depicting variations in target lesion
sizes relative to baseline, assessed according to RECIST 1.1 standards, showed a decrease in
lesion size in 19 cases (76%) for the HLP group and in 18 cases (64%) for the SCLP group.
Table 2. Tumor response and surgery rate between groups.
RECIST1.1 mRECIST
Tumor Response HLII:’ ?)/z())up SCI;II,’ (?A)l;oup p-Value HLII:, %Z())up SCI;II” (Ejor)oup p-Value
CR 0(0) 0(0) - 1 (4.0%) 0(0) -
PR 13 (52.0%) 7 (25.0%) - 16 (64.0%) 9 (32.1%) -
SD 11 (48.0%) 15 (53.6%) - 9 (36.0%) 13 (46.4%) -
PD 1 (4.0%) 6 (21.4%) - 1 (4.0%) 6 (21.4%) -
ORR 13 (44.0%) 7 (25.0%) 0.043 17 (68.0%) 9 (32.1%) 0.009
DCR 24 (96.0%) 22 (78.6%) 0.143 24 (96.0%) 22 (78.6%) 0.143
surgery after treatment 2 (8.0%) 1(3.6%) 0.919 2 (8.0%) 1(3.6%) 0.919

Notes: HLP, hepatic artery infusion chemotherapy with lenvatinib and PD-1 inhibitors; SCLP, systemic chemother-
apy with lenvatinib and PD-1 inhibitors; CR, complete response; PR, partial response; SD, stable disease; PD, pro-
gressive disease; ORR, objective response rate; DCR, disease control rate. ORR = CR + PR; DCR = CR + PR + SD.
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Figure 4. Waterfall plots for maximum percentage change in the sum of the sizes of the target lesions
from baseline as assessed per RECIST 1.1 in the HLP group (A) and the SCLP group (B). Notes: PR,
partial response; SD, stable disease; PD, progressive disease.

3.4. Prognostic Factors Analyses

The results of the analysis of all prognostic factors that may influence patients’” OS
and PFS are shown in Table 3. Multivariate analyses found that ALB < 35 (p = 0.045) and
TNM stages III-IV (p = 0.014) acted as independent negative predictors of OS, while the
completion of >four treatment cycles of treatment (p = 0.014) emerged as a favorable factor.
Regarding PFS, an ECOG performance status score of one (p = 0.023) was recognized as an
independent risk factor, while HLP therapy (p = 0.011) and completing > four treatment
cycles (p = 0.004) proved to be significantly distinct advantageous factors.

Table 3. Univariate and multivariate Cox regression analyses of risk factors for overall survival and
progression-free survival.

Overall Survival Progression-Free Survival
Variables Univariate Multivariate Univariate Multivariate
HR95%CI p-Vaule HR95%CI p-Vaule HR95%CI p-Vaule HR95%CI p-Vaule

Treatm(girfgimen (0.3%?369) 0317 (0.3(())55?)?994) 0.048 (o.zgégz.lszs) 0011
Gender (Male) (0.64;2—3?428) 0504 (0.8§i5—3§730) 0177
Age (=60) (0.531?983) 0898 (0.68122—3?227) 0488
HBV (Postive) (0.6(}%1—52%192) 0.663 (0.422'?%415) 0.416

Ecocs;tgtetgo(rlr;lance (O.7§5€§107) 0-204 (0.9615.2’)(.)396) 0.065 (1.1.120.33.057) 0.023
CRIdPUgh(A) (o0t gy 0113 01 OB
Liver cirrhosis (Yes) 589'9_91?955) 0.994 o 4gﬁ619595) 0.632
mLe}’;:;g;iz(()gees) (0.821?-;2.7009) 0139 (0.77165—12?953) 0225
m]::;r(e:::sells)?$§s) (0.51%%?960) 0979 (0.82(55—%(.]824) 0.163
Vascular invasion 1.109 0.780 0.937 0.847

(Yes)

(0.537-2.288)

(0.482-1.818)
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Table 3. Cont.
Overall Survival Progression-Free Survival
Variables Univariate Multivariate Univariate Multivariate
HR95%CI p-Vaule HR95%CI p-Vaule HR95%CI p-Vaule HR95%CI p-Vaule

Tur(rﬁiflﬂ};rﬂiers (0.77lé§82?878) 0.242 (1.082592?690) 0.026 (0.95?5%?442) 0.056
dﬁregne;g;u(rg%) (0.771é5—g?105) 0.210 (0.611%1—92?326) 0.593

TNM stage (ITI-IV) (0.85(.)%;?115) 0.089 (0.54262—?).7935) 0.014 (0.9553—95?824) 0.054 (O.9i315.§§442) 0.266

Cycle times (24) (0.13‘53—%?778) 0.007 (0.2&%?)‘.1873) 0.019 (o.zg%f%?ssz) 0.010 (0.2813?)%732) 0.004
CA19-9 (=100) (0.72153—3?664) 0.324 (0.5?(59—11‘.1636) 0.761
GGT (260) (1.23:5))61—?161) 0.016 (0.8622;%%?120) 0.094 (0.6316312.7349) 0.558
ALB (<35) (1.1622.6—24.1245) 0.021 (1.012;15?728) 0.045 (0.82%9—3?530) 0.116

Notes: HLP, hepatic artery infusion chemotherapy with lenvatinib and PD-1 inhibitors; ECOG, Eastern Coopera-
tive Oncology Group; TNM, tumor-node-metastasis; CA19-9, carbohydrate antigen 19-9; ALB, albumin; GGT,
gamma-glutamyl transferase.

4. Safety

Adverse events (AEs) underwent comprehensive evaluation in both groups, with
findings summarized in Table 4. Overall, AEs occurred less frequently in the HLP group
compared to the SCLP group. The predominant AEs were elevated AST (12/25, 48%),
elevated ALT (10/25, 40%), abdominal pain or bloating (10/25, 40%), vomiting (9/25,
36%), dysuria (7/25, 28%), hand-foot syndrome (7/25, 28%), hypoproteinemia (7/25, 28%),
elevated blood pressure (7/25, 28%), and leukopenia (5/25, 20%) in the HLP group. In
contrast, the SCLP group most frequently experienced nausea and vomiting (20/28, 71.4%),
leukopenia (15/28, 53.6%), anemia (13/28, 46.4%), fatigue (11/28, 39.3%), elevated AST
(10/28, 35.7%), elevated ALT (8/28, 28.6%), and thrombocytopenia (7/28, 25%). Notably,
fatigue (11/28, 39.3% vs. 3/25, 12%, p = 0.025), vomiting (20/28, 71.4% vs. 9/25, 36%,
p = 0.01), leukopenia (15/28, 53.6% vs. 5/25, 20%, p = 0.012), and anemia (13/28, 46.4% vs.
3/25,12%, p = 0.006) AEs were more prevalent in the SCLP group. Additionally, grade
3—4 AEs of vomiting (8/28, 28.6% vs. 1/25, 4%, p = 0.044), leukopenia (6/28, 21.4% vs. 0/25,
0%, p = 0.024), and anemia (6/28, 21.4% vs. 0/25, 0%, p = 0.024) AEs had a higher incidence
in the SCLP group. Most AEs can be controlled after symptomatic treatment. No deaths
associated with AEs were observed among any patients.

Table 4. Summary of adverse events between groups.

Any Grade Grade 34
Adverse Events HLP Group SCLP Group HLP Group SCLP Group
n=25 n=28 p-Value n=25 n=28 p-Value
Treatment-related AEs, n (%)

Fatigue 3 (12.0%) 11 (39.3%) 0.025 0 0 -
Fever 4 (16.0%) 4 (14.3%) 1.000 1 (4.0%) 0 0.954
Vomiting 9 (36.0%) 20 (71.4%) 0.010 1 (4.0%) 8 (28.6%) 0.044
Abdominal pain 10 (40.0%) 5 (18.9%) 0.074 2 (8.0%) 0 0.422

Rash 5(20.0%) 7 (25.0%) 0.664 0 0 -
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Table 4. Cont.
Any Grade Grade 34
Adverse Events HLP Group SCLP Group HLP Group SCLP Group
n=25 n=28 p-Value n=25 n=28 p-Value
Hand-foot syndrome 7 (28.0%) 8 (28.6%) 0.963 1 (4.0%) 1 (3.6%) 1.000
Diarrhea or constipation 1 (4.0%) 2 (7.1%) 1.000 0 0 -
Loss of appetite 2 (8.0%) 7 (25.0%) 0.148 0 0 -
Elevated blood pressure 7 (28.0%) 5 (18.9%) 0.378 1 (4.0%) 0 0.954
Canker sore 3 (12.0%) 5 (18.9%) 0.833 0 0 -
Dysuria 7 (28.0%) 2(7.1%) 0.098 0 0 -
Laboratory-related AEs, n (%)
Elevated AST 12 (48.0%) 10 (35.7%) 0.365 1 (4.0%) 0 0.954
Elevated ALT 10 (40.0%) 8 (28.6%) 0.380 0 1 (3.6%) 0.954
Elevated total bilirubin 5 (20.0%) 4 (14.3%) 0.719 0 0 -
Hypothyroidism 4 (16.0%) 3 (10.7%) 0.694 0 0 -
Hypokalemia 1 (4.0%) 0 0.954 0 0 -
Elevated creatinine 0 1 (3.6%) 1.000 0 0 -
Hypoproteinemia 7 (28.0%) 5 (18.9%) 0.378 1 (4.0%) 0 0.954
Hyperalgesia 3 (12.0%) 0 0.196 0 0 -
Anemic 3(12.0%) 13 (46.4%) 0.006 0 6(21.4%) 0.024
Thrombocytopenia 2 (8.0%) 7 (25%) 0.148 0 1 (3.6%) 0.954
Leukopenia 5(20.0%) 15 (53.6%) 0.012 0 6 (21.4%) 0.024
Neutropenia 3 (12.0%) 8 (28.6%) 0.138 0 2 (7.1%) 0.492
Proteinuria 1 (4.0%) 0 0.954 0 0 -

Notes: HLP, hepatic artery infusion chemotherapy with lenvatinib and PD-1 inhibitors; SCLP, systemic chemother-
apy with lenvatinib and PD-1 inhibitors; AST, aspartate aminotransferase; ALT, alanine aminotransferase.

5. Discussion

Based on the findings of our study, the HLP regimen indeed provided higher tumor
response rates and longer survival for unresectable ICC, compared to SCLP treatment.
This suggests that HLP could be a more effective treatment option for unresectable ICC.
Prior investigations have indicated that HAIC benefits patients suffering from unresectable
advanced ICC, even demonstrating superior tumor control compared to SC [22-25]. Re-
garding OS, although our study did not achieve statistical significance, the survival curves
revealed that the survival rate in the HLP group was higher than in the SCLP group at most
time points, suggesting a potential survival advantage for the HLP group. Larger-sample
analyses are needed in the future to confirm this conclusion. Additionally, among patients
without extrahepatic metastasis, those receiving HLP treatment had significantly higher OS
and PFS than those receiving SCLP, indicating that the HLP regimen may be more suitable
for ICC patients without extrahepatic metastasis. Our findings provide clinical evidence
for using the HLP regimen in this specific patient population.

Compared to HCC, ICC is more malignant and has a more insidious onset, with
over 30% of patients losing the opportunity for curative surgery upon confirmation of
the diagnosis [26]. For unresectable ICC, gemcitabine-based systemic chemotherapy has
been the first-line treatment over the past decades [9,10]. Advances in next-generation
sequencing technology and widespread precision medicine have led to the introduction of
immunotherapy and targeted treatments, reshaping the traditional chemotherapy paradigm
for ICC. Two multicenter phase III clinical trials reported that the combination of the PD-L1
inhibitor durvalumab with GEMCIS chemotherapy and the PD-1 inhibitor pembrolizumab
with GEMCIS chemotherapy both significantly prolonged median OS compared to GEMCIS
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chemotherapy alone, and have become new first-line treatment options [27,28]. Notably,
the median OS of the HLP group in this study is similar to the results of the aforementioned
two studies. Lenvatinib has been proven to be non-inferior to sorafenib in OS for untreated
advanced HCC [29]. Reports on lenvatinib monotherapy for ICC are limited. The results
of a phase II study conducted in 2021 evaluating toripalimab combined with lenvatinib
as a first-line treatment for advanced ICC indicated that, among 31 participants, the ORR
impressively reached 32.3%, with the DCR at 74.2%, and with the 6-month OS rate achieving
a notable 87.1%. Moreover, two patients successfully underwent surgical resection after
treatment [30]. Additionally, two studies evaluating the treatment of lenvatinib plus PD-1
inhibitors for chemotherapy-refractory or chemotherapy-refusing ICC reported median OS
of 11.4 and 14.3 months, with median PFS of 5.9 and 5.83 months, respectively [31,32].

Locoregional therapy represents a viable therapeutic approach for patients with unre-
sectable ICC. It not only facilitates control of the primary tumor burden, thereby delaying
disease progression, but also serves as a conversion strategy to achieve tumor downstaging
and subsequent resection [33-35]. Currently, the primary modalities of locoregional therapy
include hepatic arterial infusion chemotherapy (HAIC), transarterial chemoembolization
(TACE), radiofrequency ablation (RFA), and transarterial radioembolization (TARE), with
multiple studies confirming their efficacy in the management of unresectable ICC [15,36-38].
Nevertheless, evidence suggests that the outcomes of locoregional therapy alone remain
suboptimal, particularly in patients with distant metastases, where its clinical benefits
are limited. As a result, there is increasing interest in exploring combination treatment
strategies that integrate locoregional and systemic therapies to evaluate their potential in
improving the prognosis of patients with unresectable ICC. A prospective study evaluated
the efficacy of drug-eluting beads transarterial chemoembolization(DEB-TACE) combined
with GEMCIS chemotherapy for unresectable ICC, demonstrating significantly better OS
(33.7 vs. 12.6 months) and PFS (31.9 vs. 10.1 months) compared to GEMCIS chemotherapy
alone [39]. Similarly, a retrospective analysis revealed that HAIC combined with systemic
chemotherapy (SC) significantly improved the median OS (30.8 months vs. 18.4 months)
and achieved a higher PR rate compared to SC alone (59% vs. 39%) [40]. Building on these
findings, a single-arm study involving 36 patients with unresectable biliary tract cancer
treated with HAIC and PD-1 inhibitors reported a median OS of 8.8 months and a median
PFS of 3.7 months [41]. Moreover, Wang et al. conducted a retrospective study and found
that combining locoregional therapy with toripalimab and lenvatinib resulted in longer OS
and PFS, compared to the toripalimab and lenvatinib group alone, for treating unresectable
biliary tract cancer [42]. Most recently, a study demonstrated the superior efficacy of HAIC
combined with intravenous gemcitabine chemotherapy, lenvatinib, and PD-1 inhibitors in
managing large, unresectable ICC. Among 21 patients, the median OS reached 19.5 months,
the median PFS was 6.0 months, and the DCR and ORR were 76.1% and 52.3%, respec-
tively [43]. These findings collectively highlight the potential of combination strategies in
improving outcomes for patients with unresectable ICC.

The improved remission rates and extended survival observed with the HLP regimen
(HAIC, lenvatinib, and PD-1 inhibitors) are likely due to the complementary actions of
these therapies. HAIC maintains high intratumoral chemotherapy concentrations, reducing
tumor burden and inducing immunogenic cell death (ICD), which enhances PD-1 inhibitor
efficacy by providing a richer antigen pool for T-cell activation [44]. Lenvatinib suppresses
tumors by blocking angiogenesis, reshaping the tumor microenvironment (TME), and
improving immune cell infiltration and vascular structure, which increases PD-1 inhibitor
responsiveness and reduces chemoresistance [45,46]. This triple therapy effectively modifies
the hypoxic TME, boosts drug delivery [47], and holds significant potential as a therapeutic
strategy for ICC patients.
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The incidence of AEs is a crucial indicator for evaluating treatment regimens. In this
research, no patients encountered fatal AEs. The most frequent AEs observed in both
groups were hepatic dysfunction, gastrointestinal symptoms, and myelosuppression. This
phenomenon may be ascribed to the concentration of primary lesions within the liver; while
both therapeutic approaches are effective in eradicating tumor cells, they also compromise
normal hepatocytes, resulting in hepatic dysfunction. Furthermore, chemotherapeutic
agents, disseminated via systemic circulation, predispose patients to gastrointestinal distur-
bances and bone marrow suppression. Notably, our analysis revealed a significantly higher
incidence of grade 3—4 adverse reactions, including leukopenia, vomiting, and anemia,
within the SCLP group. Although individuals in the HLP group encountered certain grade
3—4 AEs, these were manageable, safe, and non-fatal. Additionally, our study found that
advanced TNM staging and lower albumin levels were significant risk factors for OS, while
tumor multiplicity and higher ECOG performance status scores were linked to worse PFS.
Notably, receiving more than four treatment cycles appeared to improve a patient’s survival
prognosis. These findings could provide valuable insights for clinical treatment planning.

This study has a few shortcomings. This study, as it was conducted at a single center,
will unavoidably have selection bias. Secondly, the limited sample size and brief follow-up
duration are additional constraints that will limit the statistical analysis effectiveness and
the applicability of the results. Moreover, the lack of a standardized first-line treatment
as a control limits the study’s comprehensiveness. Despite these limitations, the findings
indicate that the HLP regimen may offer therapeutic benefits in managing ICC. This
presents a potential avenue for future treatment strategies. However, these results should
be interpreted cautiously, given the study’s limitations. Future research should focus on
validating these outcomes through large-scale, randomized clinical studies, helping to
clarify the HLP regimen’s function in managing ICC and providing stronger evidence for
clinical practice.

6. Conclusions

In summary, our study demonstrated that the HLP triple regimen is an effective, safe,
and manageable treatment strategy for unresectable ICC, particularly in patients without
extrahepatic metastases, offering significant survival benefits for this subgroup.
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