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Background: Intrahepatic cholangiocarcinoma (iCCA) is the second most prevalent primary liver cancer, 
and there are limited treatment options when resection is not eligible. Systemic chemotherapy (SYS) offers 
modest survival benefits, highlighting the need for more effective approaches. This study aimed to evaluate 
and compare hepatic arterial infusion chemotherapy (HAIC) with SYS in patients with unresectable iCCA in 
terms of efficacy and safety.
Methods: A propensity score-matched analysis was conducted on 111 patients with unresectable iCCA 
from March 2019 to October 2023. The cohort comprised 37 HAIC-treated and 74 SYS-treated patients. 
The primary endpoint was overall survival (OS), while the secondary endpoints included progression-free 
survival (PFS), objective response rate (ORR), disease control rate (DCR), and adverse events (AEs).
Results: The HAIC group demonstrated comparable survival outcomes to those of the SYS group, with 
a median OS of 23.7 and 19.3 months [hazard ratio (HR) =0.84, 95% confidence interval (CI): 0.53–1.35; 
P=0.487] and median PFS of 10.7 vs. 10.3 months (HR =0.75, 95% CI: 0.46–1.22; P=0.246), respectively. 
However, HAIC showed superior tumor control, achieving a significantly higher ORR (35.13% vs. 12.16%, 
P<0.05) and DCR (83.78% vs. 64.86%, P<0.05) as compared to SYS. Safety analysis revealed markedly lower 
grade 3–4 AEs in the HAIC group.
Conclusions: This study demonstrated that HAIC can achieve comparable survival outcomes with 
superior local tumor control and reduced systemic toxicity as compared to SYS, suggesting its potential as an 
alternative treatment option for select patients.
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Introduction

Intrahepatic cholangiocarcinoma (iCCA), arising from the 
epithelial cells of intrahepatic bile ducts, ranks as the second 
most prevalent primary liver cancer following hepatocellular 
carcinoma (HCC) (1). iCCA accounts for approximately 
20% of liver malignancies and 3% of gastrointestinal 
cancers (2). Notably, the global incidence of iCCA has been 
rising, with a particularly concerning increase observed 
in China (3). Currently, surgical resection is the primary 
curative treatment for iCCA. The majority of patients 
receive a diagnosis at advanced stages due to nonspecific 
symptoms, and treatment options are limited (4,5).

For cases of resectable iCCA, the standard treatment 
typically involves initial surgical resection followed by adjuvant 
capecitabine. The success of surgical intervention is crucial 
for achieving favorable oncological outcomes. Approximately 
20% of patients have resectable disease, but many will face 
recurrence or metastasis after curative surgery (6). Unresectable 
iCCA is classified as either locally advanced or metastatic. The 
combination of gemcitabine and cisplatin (GEMCIS) remains 
the recommended first-line treatment for patients with advanced 
or metastatic iCCA and an Eastern Cooperative Oncology 
Group (ECOG) performance status of 0–1 (7-9). The efficacy of 
systemic chemotherapy (SYS) for increasing the survival rates of 
patients is relatively limited. Therefore, more effective treatment 
options need to be developed.

Hepatic arterial infusion chemotherapy (HAIC) has 
proven to be an effective treatment for locally advanced 
iCCA (10). This approach involves the targeted delivery 
of chemotherapy agents directly into the hepatic artery, 
resulting in increased drug concentrations at the tumor site 
and minimization of systemic adverse effects. Several studies 
have shown the superior efficacy of HAIC for individuals 
with locally advanced iCCA (11-13). Despite the potential 
benefits of HAIC, comprehensive research specifically 
targeting patients with iCCA remains limited. This study 
thus aimed to evaluate and compare the clinical outcomes 
and safety profiles of patients with unresectable iCCA 
treated with HAIC with those treated with SYS. We present 
this article in accordance with the STROBE reporting 
checklist (available at https://qims.amegroups.com/article/
view/10.21037/qims-24-2067/rc).

Methods

Study population

A single-center retrospective study included 146 patients 

with unresectable iCCA treated with either HAIC or first-
line SYS at the National Cancer Center, China, from 
March 2019 to October 2023. This study was conducted 
in accordance with the Declaration of Helsinki and its 
subsequent amendments, and was approved by the Ethics 
Committee of the Cancer Hospital Chinese Academy of 
Medical Sciences (No. 23/250-3992). Informed consent 
was obtained from all participants. The inclusion criteria 
were as follows: age 18 years or older (14), histopathological 
evidence confirming unresectable iCCA (15), documentation 
of primary HAIC or first-line SYS treatment (16), an ECOG 
score of 0–1 (17), and complete medical follow-up data (18). 
The exclusion criteria included the presence of any other 
malignant tumors or contraindications to HAIC or SYS 
treatment (14,15).

Treatment procedures

The resectability of each patient was determined by 
a multidisciplinary team of specialists, comprising 
radiologists, surgeons, hepatologists, and oncologists. 
Treatment strategies were then formulated based on the 
patient’s desires and after an in-depth conversation with a 
multidisciplinary team of specialists. To achieve accuracy, 
HAIC was administered to every patient according to 
a clearly defined protocol and under careful imaging 
oversight. The HAIC procedure for cholangiocarcinoma 
begins with percutaneous puncture of the femoral artery 
via the Seldinger technique with the patient under local 
anesthesia. A 5-French catheter is guided into the hepatic 
artery via the celiac trunk or superior mesenteric artery under 
fluoroscopic guidance. A 2.7-F microcatheter is then selectively 
advanced into the segmental, lobar, or whole-liver arteries 
supplying the tumor. The catheter is connected to an external 
infusion pump, and chemotherapy is administered, typically 
following a modified leucovorin, fluorouracil, and oxaliplatin 
(FOLFOX) regimen, in which oxaliplatin (130 mg/m2) is 
infused over 2 hours, leucovorin (400 mg/m2) over 2–3 hours, 
and fluorouracil (400 mg/m2) finally added. Fluorouracil 
(2,400 mg/m2) is then continuously infused over 23 or 
46 hours. HAIC is repeated every 3–4 weeks until tumor 
progression, unacceptable toxicity, or deterioration in 
hepatic function or clinical condition.

The mainstay of SYS treatment is GEMCIS. In this study, 
gemcitabine was administered intravenously on days 1 and 
8 at a dose of 1,000 mg/m2, and cisplatin was administered 
intravenously on days 2 and 3 at a dose of 25 mg/m2. These 
cycles were repeated every 21 days.

https://qims.amegroups.com/article/view/10.21037/qims-24-2067/rc
https://qims.amegroups.com/article/view/10.21037/qims-24-2067/rc
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This study reflects real-world research. Depending on 
individual circumstances and patient preference, HAIC or 
SYS may be used as part of a treatment strategy in combination 
with programmed cell death protein 1 (PD-1) inhibitors or 
tyrosine kinase inhibitors. To improve safety and facilitate 
treatment completion, HAIC cycle intervals were adjusted 
to 4 to 6 weeks, minimizing the need for hospitalization 
and lowering medical costs while maintaining therapeutic 
efficacy.

Data collection

Clinical data were obtained from the medical records 
maintained at the National Cancer Center in China. This 
study focused on examining demographic and clinical 
characteristics, which are summarized in Table 1. Blood 
tests and measurements of tumors were conducted within 
5 days prior to the initiation of treatment. Following the 
commencement of treatment, radiological assessments 

were carried out using magnetic resonance imaging (MRI) 
or computed tomography (CT) at baseline, followed by 
evaluations every 6 weeks thereafter.

The primary endpoint of this research was overall 
survival (OS), which was assessed from the initiation of 
treatment until death from any cause or the last follow-up 
conducted on June 30, 2024. Data regarding survival were 
collected through follow-up telephone calls. The secondary 
aims included the evaluation of tumor response rates and 
adverse event (AE) frequencies. Tumor responses were 
classified according to the modified Response Evaluation 
Criteria in Solid Tumors (mRECIST) (19). The objective 
response rate (ORR) was defined as the sum of complete 
response (CR) and partial response (PR); meanwhile, the 
disease control rate (DCR) was defined as the sum of CR, 
PR, and stable disease (SD), representing cases achieving 
clinical benefits. Concurrent treatment with molecular 
targeted therapy was permitted. Two independent 
radiologists, each possessing over 10 years of clinical 

Table 1 Baseline characteristics of patients before and after propensity score matching

Characteristic
Before PSM, N (%) After PSM, N (%)

SYS (n=214) HAIC (n=38) P SYS (n=74) HAIC (n=37) P 

Sex 0.021 0.892

Male 133 (62.15) 16 (42.10) 31 (41.89) 16 (43.24)

Female 81 (37.85) 22 (57.89) 43 (58.11) 21 (56.76)

Age (years) 0.573 0.917

≥65 36 (16.82) 5 (13.16) 8 (10.81) 5 (13.51)

<65 178 (83.18) 33 (86.84) 66 (89.19) 32 (86.49)

No. of lesions 0.029 0.884

Solitary 103 (48.13) 11 (28.95) 23 (31.08) 11 (29.73)

Multiple 111 (51.87) 27 (71.05) 51 (68.92) 26 (70.27)

Tumor size 0.051 >0.999

<5 cm 110 (51.40) 13 (34.21) 26 (35.13) 13 (35.17)

≥5 cm 104 (48.60) 25 (65.79) 48 (64.87) 24 (64.87)

Distant metastasis 0.542 0.868

Yes 159 (74.30) 30 (78.95) 59 (79.73) 29 (78.38)

No 55 (25.70) 8 (21.05) 15 (20.27) 8 (21.62)

Combined targeted/immunotherapy 0.637 0.776

Yes 149 (69.63) 25 (65.79) 50 (67.57) 24 (64.87)

No 65 (30.37) 13 (34.21) 24 (32.43) 13 (35.14)

HAIC, hepatic arterial infusion chemotherapy; PSM, propensity score matching; SYS, systemic chemotherapy.
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experience, conducted tumor response evaluations. The 
first follow-up evaluation was suggested to occur 3 months 
posttreatment, via either contrast-enhanced CT or dynamic 
contrast-enhanced MRI. AEs were characterized as any 
unintended or negative medical occurrences arising during 
or after the treatment period. Assessments of AEs within  
1 month following the completion of treatment were carried 
out in accordance with the Common Terminology Criteria 
for Adverse Events (CTCAE) version 5.0 guidelines.

Data that deviated from a normal distribution are 
displayed as the median and range. For comparisons of 
parametric continuous variables, the unpaired Student  
t test was used, while the Mann-Whitney test was used for 
nonparametric continuous variables. Categorical variables 
were analyzed with the Pearson correlation coefficient, 
the chi-squared test with continuity correction, or the 
Fisher exact test depending on the specific conditions 
required. OS was visualized via Kaplan-Meier curves, and 
differences between groups were assessed with the log-
rank test. Furthermore, propensity score matching (PSM) 
was employed, with factors including sex, age (≥65 vs. 
<65 years), number of lesions, tumor size (5 vs. ≤5 cm), 
presence of extrahepatic spread, and the application of 

combination targeted immunotherapy. Matching was 
carried out at a 1:2 ratio with a caliper set to 0.1, without 
replacement. Univariate and multivariate Cox proportional 
hazards regression analyses were performed to identify 
potential prognostic factors for OS. Variables with P<0.1 
in the univariate analysis were entered into the multivariate 
analysis. Results are presented as hazard ratios (HRs) with 
95% confidence intervals (CIs). The threshold for statistical 
significance was established at a P value of less than 0.05. 
Data analyses were conducted with SPSS version 25.0 (IBM 
Corp., Armonk, NY, USA) and R version 4.0.1 (The R 
Foundation for Statistical Computing).

Results 

From March 2019 to October 2023, a total of 972 
patients with pathologically confirmed unresectable CCA 
were screened at the National Cancer Center in China 
(Figure 1). A total of 446 patients were excluded due to 
unmeasurable lesions on CT or MRI or because they 
were diagnosed with extrahepatic CCA or not treated 
with SYS/HAIC. Of the remaining 526 patients, 467 
were allocated to the SYS group and 59 to the HAIC 

446 patients excluded: 
• Unmeasurable lesions on CT or MRI (n=33) 
• Not treated with SYS/HAIC or eCCA (n=413)

226 patients excluded:
• Incomplete medical information (n=40)
• Lost to follow-up (n=62)
• Did not meet eligibility criteria (n=124)

21 patients excluded:
• Incomplete medical information (n=4)
• Did not meet eligibility criteria (n=17)

972 patients with pathologically confirmed 
unresectable CCA

526 iCCA patients received SYS or HAIC

467 patients in intention to treat with SYS

241 patients included in the SYS group

74 patients matched 37 patients matched

38 patients included in the HAIC group

59 patients in intention to treat with HAIC 

Figure 1 The flowchart of the study. CCA, cholangiocarcinoma; CT, computed tomography; eCCA, extrahepatic cholangiocarcinoma; 
HAIC, hepatic arterial infusion chemotherapy; iCCA, intrahepatic cholangiocarcinoma; MRI, magnetic resonance imaging; SYS, systemic 
chemotherapy.
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group. In the SYS group, 226 patients were excluded for 
reasons such as incomplete medical records (40 patients), 
loss to follow-up (62 patients), or failure to meet the 
study’s eligibility criteria (124 patients). This resulted in  
241 patients remaining in the SYS group, of whom 74 were 
matched for analysis. In the HAIC group, 21 patients were 
excluded due to incomplete medical records (4 patients) 
or failure to meet eligibility criteria (17 patients), leaving  
38 patients in the HAIC group, 37 of whom were matched 
for analysis (Figure 1). 

The specific characteristics of each group are outlined 
in Table 1. Prior to PSM, the proportion of male patients 
was notably higher in the SYS group (62.15%) compared 
to the HAIC group (42.10%), with a statistically significant 
P value of 0.021. The age distribution was similar between 

the groups, with patients aged 65 years or older accounting 
for 16.82% of patients in the SYS group and 13.16% in the 
HAIC group (P=0.573). A significantly larger proportion of 
patients in the HAIC group had multiple lesions (71.05%) 
as compared to the SYS group (51.87%) (P=0.029). The 
mean tumor size was slightly smaller in the SYS group, with 
65.79% of patients in the HAIC group having tumors ≥5 cm 
as compared to 48.60% in the SYS group (P=0.051). The 
occurrence of distant metastasis was similar between the 
SYS and HAIC groups, at 74.30% and 78.95%, respectively 
(P=0.542). The use of combined targeted/immunotherapy 
was also similar between groups, with 67.57% in the SYS 
group and 64.87% in the HAIC group receiving treatment 
(P=0.776).

Other baseline characteristics between the two groups 

Table 2 Other baseline characteristics after PSM

Characteristic SYS (n=74) HAIC (n=37) P value

HBV 0.55

Positive 39 (52.7) 22 (59.5)

Negative 35 (47.3) 15 (40.5)

Liver function

ALT (U/L) 23.8 (14.5–53.7) 32.0 (17.6–61.0) 0.07

AST (U/L) 28.1 (22.6–55.3) 33.5 (25.1–66.4) 0.03

TBIL (μmol/L) 15.2 (11.4–20.1) 16.1 (13.8–25.4) 0.40

ALB (g/L) 42.7 (40.6–46.2) 42.0 (38.5–44.5) 0.51

Cr (μmol/L) 60.5 (52.1–73.7) 64.3 (53.5–73.7) 0.37

CRP (mg/L) 0.3 (0.1–1.5) 0.7 (0.2–2.7) 0.52

Tumor markers

AFP (ng/mL) 3.01 (2.2–5.3) 3.59 (2.6–4.7) 0.27

CEA (ng/mL) 3.46 (1.7–7.6) 3.35 (1.8–6.2) 0.60

CA19-9 (U/mL) 0.09

≥1,000 61 (82.4) 25 (67.6)

>1,000 13 (17.6) 12 (32.4)

Complete blood count

WBC (×109/L) 6.5 (5.8–8.0) 6.3 (5.2–8.0) 0.83

Neu (×109/L) 4.1 (3.6–5.4) 4.8 (3.5–6.0) 0.13

Lym (×109/L) 1.6 (1.3–2.0) 1.5 (1.2–1.7) 0.71

PLT (×109/L) 240.5 (189.0–285.5) 218.0 (172.0–265.0) 0.20

Categorical variables are presented as n (%) and continuous variables are presented as median (interquartile range). AFP, alpha-fetoprotein; 
ALB, serum albumin; ALT, alanine transaminase; AST, aspartate transaminase; CA19-9, cancer antigen 19-9; CEA, carcinoembryonic 
antigen; Cr, creatinine; CRP, C-reactive protein; HAIC, hepatic arterial infusion chemotherapy; HBV, hepatitis B virus; Lym, lymphocyte; Neu, 
neutrophil; PLT, platelet; PSM, propensity score matching; SYS, systemic chemotherapy; TBIL, total bilirubin; WBC, white blood cell.
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were also compared (Table 2). Regarding etiology, the 
hepatitis B virus infection distribution was similar between 
the HAIC and SYS groups, with 22 and 39 patients, 
respectively, and not significantly different (P=0.55). Among 
liver function indicators, the aspartate aminotransferase (AST) 
level in the HAIC group (median 33.5 U/L) was significantly 
higher than that in the SYS group (median 28.1 U/L) 
(P=0.03), while the difference in alanine aminotransferase 
(ALT), total bilirubin (TBIL), albumin (ALB), creatinine (Cr), 
and C-reactive protein (CRP) did not differ significantly 
between the two groups (P>0.05). Tumor markers, such as 
median alpha-fetoprotein (AFP), carcinoembryonic antigen 
(CEA), and carbohydrate antigen 19-9 (CA19-9) levels, were 
also comparable (P>0.05). Finally, complete blood count 
(CBC) parameters, including median levels of white blood 
cells (WBC), neutrophils (Neus), lymphocytes (Lyms), and 
platelets (PLTs), were not significantly different between the 
SYS and HAIC groups (P>0.05).

Tumor response and patient survival

The median follow-up time for all patients was 14.6 months 
[interquartile range (IQR): 9.55–26.83 months]. In the SYS 
group, no patients achieved CR, 9 patients (12.16%) had 
PR, 39 patients (52.70%) had SD, and 26 patients (35.14%) 
experienced progressive disease (PD). In the HAIC group, 
there were also no patients with CR, but 13 patients 
(35.13%) achieved PR, 17 patients (45.95%) had SD, and 
7 patients (18.92%) experienced PD (Table 3). The ORR 
and DCR were significantly higher in the HAIC group than 

in the SYS group (P<0.05). Dynamic contrast-enhanced 
MRI demonstrated tumor response to HAIC in two 
representative patients, with reductions in tumor volume 
and enhancement observed at follow-up imaging (Figure 2).

After PSM, the median OS was 23.7 months (95% CI: 
13.8–32.7) in the HAIC group and 19.3 months (95% 
CI: 12.4–23.6) in the SYS group. Kaplan-Meier curves 
showed no significant difference in OS between the HAIC 
and SYS groups (HR =0.84, 95% CI: 0.53–1.35; P=0.487) 
(Figure 3A). The median progression-free survival (PFS) 
was comparable between groups, at 10.7 months (95% 
CI: 9.8–15.0) in the HAIC group and 10.3 months (95% 
CI: 7.7–13.4) in the SYS group. The HR for PFS in the 
comparison between the SYS and HAIC groups was 0.75 
(95% CI: 0.46–1.22; P=0.246), indicating no significant 
difference between the treatment approaches (Figure 3B).

To identify the prognostic factors associated with OS, 
univariate and multivariate Cox regression analyses were 
performed (Table 4). In the univariate analysis, tumor 
number (HR =1.71, 95% CI: 1.03–2.85; P=0.039), serum 
ALB level (HR =1.66, 95% CI: 1.01–2.70; P=0.044), and 
CA19-9 level (HR =1.81, 95% CI: 1.01–3.23; P=0.046) were 
significantly associated with OS. Additionally, tumor size 
(HR =1.55, 95% CI: 0.97–2.49; P=0.069) and CEA level 
(HR =1.57, 95% CI: 0.99–2.47; P=0.051), with a value near 
the threshold of significance (P<0.1). In the multivariate 
Cox regression analysis, multiple tumors (HR =2.16, 95% 
CI: 1.19–3.94; P=0.011), elevated CA19-9 level (HR =1.95, 
95% CI: 1.03–3.70; P=0.041), and elevated CEA level  
(HR =1.75, 95% CI: 1.06–2.91; P=0.030) were independent 
prognostic factors for poor OS.

AEs and safety

Comparison of treatment-related AEs showed several 
significant differences between groups (Table 5). The SYS 
group, as compared with HAIC group, had higher rates 
of vomiting (39.2% vs. 18.9%; P=0.03), fatigue (41.9% 
vs. 10.8%; P<0.01), anemia (48.6% vs. 18.9%; P<0.01), 
thrombocytopenia (28.4% vs. 10.8%; P=0.01), and elevated 
ALT level (44.6% vs. 24.3%; P=0.04) as compared to the 
HAIC group. Grade 3–4 vomiting was also significantly 
more frequent in the SYS group than in the HAIC group 
(14.8% vs. 0%; P=0.04). No significant differences were 
observed in the occurrence of rash, fever, abdominal 
pain, leukopenia, elevated AST, hyperbilirubinemia, 
hypoalbuminemia, elevated creatinine, or sensory 
neuropathy between the groups.

Table 3 Tumor response after 3 months of treatment after PSM

Tumor response
Patients, No. (%)

P value
SYS (n=74) HAIC (n=37)

CR 0 0

PR 9 (12.16) 13 (35.13)

SD 39 (52.70) 17 (45.95)

PD 26 (35.14) 7 (18.92)

ORR 9 (12.16) 13 (35.13) 0.005

DCR 48 (64.86) 30 (81.08) 0.029

CR, complete response; DCR, disease control rate; HAIC, 
hepatic arterial infusion chemotherapy; ORR, objective response 
rate; PD, progressive disease; PR, partial response; PSM, 
propensity score matching; SD, stable disease; SYS, systemic 
chemotherapy.
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Discussion

iCCA is a highly aggressive tumor that originates from the 
epithelium of the intrahepatic bile ducts and often involves 
a poor prognosis. Due to being at an advanced stage at 
diagnosis, most patients with iCCA are ineligible for surgery 
and typically receive chemotherapy to control tumor 
growth. In recent years, GEMCIS and gemcitabine-plus-
oxaliplatin (GEMOX) regimens have emerged as standard 
first-line therapies (20,21). Immune checkpoint inhibitors 
have also demonstrated breakthrough efficacy in the 
treatment of biliary tract tumors. In the KEYNOTE-966 
trial ,  a  regimen of pembrolizumab and GEMCIS 
demonstrated significant survival benefit compared to 
placebo plus GEMCIS, with a median OS of 12.7 vs.  

10.9 months (HR =0.83; P=0.0034) and a manageable 
toxicity profile (grade ≥3 treatment-related AEs: 79% vs. 
75%) (22). Meanwhile, in the TOPAZ-1 trial, a regimen 
of durvalumab combined with GEMCIS compared to 
placebo plus GEMCIS showed improved ORR (26.7% vs. 
18.7%) and OS (12.8 vs. 11.5 months; HR =0.80; P=0.021), 
confirming durable clinical benefit (23). For second-line 
therapy, molecular profiling guides treatment selection. In 
the TAS-120-101 trial, futibatinib demonstrated a 42% ORR 
and a 9.7-month median duration of response (DOR) (24),  
while pemigatinib showed comparable efficacy in 
FIGHT-202 trial (25). In the ROAR basket trial, patients 
with BRAF V600E mutations responded to dabrafenib 
plus trametinib, achieving a 51% ORR and 9.1-month 

Figure 2 Dynamic contrast-enhanced MRI of the response to HAIC in two patients with iCCA. (A,B) A 69-year-old female.  
(A) Pretreatment MRI in the portal venous phase showing an irregular, delayed enhancement of the intrahepatic tumor (white dotted 
circle). (B) A follow-up MRI at 2 months’ post-HAIC revealing a slight reduction in tumor volume and decreased enhancement (white 
dotted circle). (C,D) A 56-year-old male. (C) Venous-phase MRI prior to initial HAIC showing a large intrahepatic mass with irregular 
enhancement (white dotted circle). (D) A follow-up MRI at 3 months’ post-HAIC revealing a significant reduction in both tumor volume 
and the area of enhancement (white dotted circle). HAIC, hepatic arterial infusion chemotherapy; iCCA, intrahepatic cholangiocarcinoma; 
MRI, magnetic resonance imaging.

A B

C D
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Figure 3 Kaplan-Meier curves comparing (A) overall survival and (B) progression-free survival between the HAIC and SYS groups after 
propensity score matching. CI, confidence interval; HAIC, hepatic arterial infusion chemotherapy; HR, hazard ratio; SYS, systemic 
chemotherapy.

Table 4 Univariate and multivariate Cox regression analyses of risk factors for overall survival

Variable
Univariate analysis Multivariate analysis

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

Group (HAIC vs. SYS) 0.84 (0.53–1.35) 0.487

Age (≥65 vs. <65 years) 1.41 (0.61–3.25) 0.419

Sex (female vs. male) 0.92 (0.59–1.45) 0.730

Tumor number (multiple vs. single) 1.71 (1.03–2.85) 0.039 2.16 (1.19–3.94) 0.011

Tumor size (≥5 vs. <5 cm) 1.55 (0.97–2.49) 0.069 1.39 (0.80–2.42) 0.248

Extrahepatic metastasis (present vs. absent) 1.48 (0.82–2.68) 0.197

Combined T/I therapy (yes vs. no) 1.25 (0.78–2.01) 0.358

HBV infection (positive vs. negative) 0.89 (0.57–1.40) 0.618

ALT (≥40 vs. <40 U/L) 0.80 (0.48–1.31) 0.370

AST (≥35 vs. <35 U/L) 1.17 (0.74–1.83) 0.503

TBIL (≥22 vs. <22 μmol/L) 0.75 (0.44–1.29) 0.306

ALB (≤40 vs. >40 g/L) 1.66 (1.01–2.70) 0.044 1.40 (0.83–2.36) 0.213

Cr (≥73 vs. <73 μmol/L) 0.69 (0.40–1.19) 0.180

CRP (≥0.06 vs. <0.06 mg/L) 1.17 (0.65–2.08) 0.601

CA19-9 (≥27 vs. <27 U/mL) 1.81 (1.01–3.23) 0.046 1.95 (1.03–3.70) 0.041

AFP (≥7 vs. <7 ng/mL) 1.51 (0.83–2.75) 0.173

CEA (≥5 vs. <5 ng/mL) 1.57 (0.99–2.47) 0.051 1.75 (1.06–2.91) 0.030

AFP, alpha-fetoprotein; ALB, serum albumin; ALT, alanine transaminase; AST, aspartate transaminase; CA19-9, cancer antigen 19-9; CEA, 
carcinoembryonic antigen; CI, confidence interval; Cr, creatinine; CRP, C-reactive protein; HAIC, hepatic arterial infusion chemotherapy; 
HBV, hepatitis B virus; HR, hazard ratio; SYS, systemic chemotherapy; T/I, targeted/immunotherapy; TBIL, total bilirubin.
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Table 5 Treatment-related adverse events

Adverse event
Any grade Grades 3–4

HAIC (n=37) SYS (n=74) P value HAIC (n=37) SYS (n=74) P value

Rash 5 (13.5%) 25 (33.8%) 0.08 0 0 –

Fever 11 (29.7%) 23 (31.1%) 0.88 0 0 –

Abdominal pain 9 (24.3%) 10 (13.5%) 0.15 1 (2.7%) 3 (4.1%) >0.99

Vomiting 7 (18.9%) 29 (39.2%) 0.03 0 11 (14.8%) 0.04

Fatigue 4 (10.8%) 31 (41.9%) <0.01 0 0 –

Leukopenia 3 (8.1%) 10 (13.5%) 0.31 0 7 (9.5%) 0.12

Anemia 7 (18.9%) 36 (48.6%) <0.01 0 9 (12.2%) 0.07

Thrombocytopenia 4 (10.8%) 21 (28.4%) 0.01 0 2 (2.7%) 0.48

Elevated ALT 9 (24.3%) 33 (44.6%) 0.04 1 (2.7%) 3 (4.1%) >0.99

Elevated AST 13 (35.1%) 28 (37.8%) 0.78 1 (2.7%) 4 (5.4%) 0.60

Hyperbilirubinemia 7 (18.9%) 12 (16.2%) 0.72 2 (5.4%) 3 (4.1%) >0.99

Hypoalbuminemia 5 (13.5%) 16 (21.6%) 0.30 1 (2.7%) 0 0.48

Elevated creatinine 2 (5.4%) 9 (12.2%) 0.39 0 0 –

Sensory neuropathy 4 (10.8%) 18 (24.3%) 0.18 0 0 –

ALT, alanine transaminase; AST, aspartate transaminase; HAIC, hepatic arterial infusion chemotherapy; SYS, systemic chemotherapy.

median PFS (26).  For patients without molecular 
targeting, mFOLFOX remains the standard second-line 
chemotherapy, and in the ABC-06 trial, it improved the 
6-month survival to 50.6% (27). 

However, the high incidence of severe AEs with 
these systemic combinations underscores the need for 
alternative therapeutic approaches with better tolerability. 
Emerging localized arterial therapies, such as HAIC, 
transarterial chemoembolization (TACE), and transarterial 
radioembolization (TARE), have demonstrated promising 
results in the treatment of advanced cholangiocarcinoma 
(28-30). Cai et al. reported that HAIC could provide 
superior survival outcomes as compared to TACE, 
with 1-year OS rates of 60.2% and 42.9%, respectively 
(P=0.028) (31). Additionally, a retrospective study indicated 
that applying the mFOLFOX regimen in HAIC could offer 
a novel therapeutic strategy for patients with iCCA (31). 
Although most of the studies on HAIC with mFOLFOX 
have primarily focused on HCC, the relatively low toxicity 
observed in these analyses suggests that it might also serve 
as a safe and promising treatment alternative for patients 
with iCCA (32-34).

In our study, we compared HAIC with standard first-
line SYS. The findings revealed that the HAIC group had 

a higher ORR and DCR than did the SYS group. One 
possible explanation for these outcomes is that HAIC allows 
for higher concentrations of chemotherapeutic agents to be 
delivered directly to the liver, which may improve tumor 
control. The liver’s dual blood supply is well understood: the 
hepatic artery predominantly supplies blood to the tumor, 
while the portal vein primarily supports the noncancerous 
liver tissue. By delivering chemotherapy preferentially 
through the hepatic artery, HAIC may achieve better liver 
tumor control as compared to SYS.

We further found that patients with unresectable iCCA 
experienced comparable OS and PFS outcomes regardless 
of whether they received HAIC or SYS, suggesting similar 
clinical efficacy between the two approaches. Although 
HAIC provided better local control of intrahepatic tumors 
than did SYS, this advantage did not lead to significantly 
improved overall outcomes. This may be attributable to 
the fact that most participants were in advanced stages of 
the disease and had extrahepatic metastases. Progression of 
these extrahepatic lesions was the leading cause of death, and 
HAIC was less effective at managing them. Consequently, 
combining HAIC with immunotherapy, targeted therapy, 
or SYS might offer a more effective treatment approach for 
patients with extrahepatic metastasis.
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In addition to therapeutic efficacy, AE rates are key 
metrics for assessing chemotherapy regimens. Notably, 
regimens combining immunotherapy and chemotherapy 
combination are associated with a 40–50% incidence of 
grade 3–4 AEs, which emphasizes the need for alternative 
options that can achieve comparable survival rates while 
minimizing side effects (35). In our study, the HAIC group 
exhibited a lower overall incidence of AEs as compared 
to the SYS group. Specifically, the rates of rash, vomiting, 
fatigue, leukopenia, anemia, and sensory neuropathy were 
reduced in the HAIC group. Hematologic toxicity and liver 
function impairment were the most common grade 3–4 
AEs observed. Furthermore, the HAIC group experienced 
fewer grade 3–4 AEs. One possible reason for this is that 
HAIC administers chemotherapy directly to the liver, which 
leads to a relatively lower systemic drug concentration. 
On the other hand, SYS involves intravenous delivery, 
requiring higher systemic drug levels to achieve sufficient 
tumor control in the liver, resulting in increased systemic 
toxicity. Additionally, the liver’s first-pass metabolism may 
further minimize systemic side effects by metabolizing 
the drugs before they circulate throughout the body (36). 
The majority of AEs in the HAIC group were effectively 
managed with symptomatic treatment and did not disrupt 
the continuation of therapy. As a result, HAIC may be 
considered a safe and viable treatment option for patients 
with unresectable iCCA.

Li et al.’s study demonstrated that combining HAIC with 
SYS significantly improves OS and reduces liver failure-
related mortality in patients with iCCA and extrahepatic 
oligometastasis as compared to the administration of SYS 
alone (37). Whereas Li et al. examined the combined impact 
of HAIC and SYS, we focused on clarifying the individual 
contributions of each agent and comparing the efficacy 
of each treatment modality. Yang et al.’s study found that 
HAIC, as compared to SYS, provided better intrahepatic 
tumor control in patients with unresectable iCCA, with 
a median intrahepatic progression-free survival (IPFS) of 
13.7 vs. 11.4 months, respectively (P=0.035) (38). However, 
by employing PSM, we were able to reduce interpatient 
variability, strengthening the validity of our comparisons.

This study involved several limitations which should be 
noted. First, as we employed a retrospective, single-center 
design, the results may lack generalizability, necessitating 
further prospective, large-scale, randomized trials to 
confirm our findings. Second, the relatively small sample 
size limits the applicability of the results and raises the 
potential for a type II error. Finally, further laboratory-

based research is needed to clarify the mechanisms through 
which HAIC provides benefits to patients with iCCA.

This study found that HAIC provided superior local 
tumor control as compared to SYS in patients with iCCA, 
while also resulting in fewer side effects. These findings 
suggest that HAIC may serve as an effective and better-
tolerated treatment option for the iCCA patient population, 
offering enhanced tumor management with reduced 
toxicity.

Conclusions 

HAIC demonstrated superior local tumor control and a 
better safety profile as compared to SYS in unresectable 
patients with iCCA, although OS outcomes were 
comparable. These findings suggest that HAIC is a 
promising alternative treatment, warranting further 
investigation in combination with systemic therapies.
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