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Abstract

Objective To investigate the efficacy and safety of drug-eluting beads transcatheter arterial
chemoembolization(DEB-TACE) combined with systemic chemotherapy and immune checkpoint inhibitors in the
treatment of unresectable intrahepatic cholangiocarcinoma.

Methods This study used retrospective cohort analysis to collect the clinical data of 209 patients with unresectable
intrahepatic cholangiocarcinoma treated in Linyi Cancer Hospital, Affiliated Zhongshan Hospital of Dalian University,
Affiliated Central Hospital of Dalian University of Technology from January 2020 to January 2024. The patients were
divided into observation group and control group based on their treatment plans. The observation group was treated
with DEB-TACE combined with systemic chemotherapy and immune checkpoint inhibitor, and the control group was
treated with simple systemic chemotherapy and immune checkpoint inhibitor. Based on propensity score matching
analysis, the clinical treatment efficacy, survival prognosis, and incidence of adverse reactions of two groups of
patients were evaluated.
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Results 82 patients in the observation group received DEB-TACE combined with systemic chemotherapy and
immune checkpoint inhibitors, The control group of 127 patients were treated with systemic chemotherapy and
immune checkpoint inhibitors. After a propensity score matching analysis to control for the consistency of patient
age, sex, tumor size, tumor number, Child grade, ECOG score, and tumor stage. Propensity score matching analysis
created 71 pairs of patients in 2 groups. The objective response rate (ORR, 76.06%) and disease control rate (DCR,
97.18%) in the observed group were significantly higher than that in the control group (52.11%, 85.92%), Progression-
free survival (PFS, 10 months) and overall survival (OS, 17 months) were higher than the control group (8 months,

11 months). The Cox proportional hazards model analysis revealed that, Child grade and treatment modality were
independent predictors of PFS and OS in patients. The adverse effects during treatment were similar in the two

groups, with no statistical difference.

Conclusions Compared with systemic therapy alone (systemic chemotherapy +immune checkpoint inhibitor),
combined DEB-TACE improves the tumor control rate of patients with unresectable intrahepatic cholangiocarcinoma,
extends the survival time and without increasing treatment-related adverse effects, which is a safe and feasible

treatment modality.

Keywords Intrahepatic cholangiocarcinoma, Transcatheter arterial chemoembolization, Drug-eluting beads,
Systemic therapy, Immune checkpoint inhibitor, Propensity score matching

Background

Intrahepatic cholangiocarcinoma (ICC) is a common
primary liver malignancy in clinical practice, except for
hepatocellular carcinoma. Its early symptoms are often
atypical, and by the time medical attention is sought,
the disease typically has progressed to its middle to late
stages. Approximately 80% of patients miss out on oppor-
tunities for radical treatments like surgical removal and
liver transplantation [1, 2]. Systemic chemotherapy is
the main treatment for unresectable ICC patients, and
combined with immune checkpoint inhibitors further
improves treatment efficacy. However, there are still some
patients who terminate anti-tumor treatment due to
treatment side effects or treatment resistance, and their
survival prognosis is not ideal, with a survival period of
no more than 3 months [3-5]. Comprehensive therapy is
still considered as the key to improve the survival prog-
nosis of patients with intrahepatic cholangiocarcinoma
[6, 7]. These treatments include cytotoxic therapy, tar-
geted therapy and immunotherapy [8]. Transcatheter
arterial chemoembolization (TACE) is an effective treat-
ment for non-surgical treatment of liver cancer. With the
improvement of embolization materials, Drug-eluting
beads transcatheter arterial chemoembolization(DEB-
TACE) has shown a broad application prospect in ICC
[9-11]. Therefore, the combination of both may be
more advantageous than the current chemotherapy and
immune checkpoint inhibitors alone for advanced ICC.
However, there are few reports on the combined use of
DEB-TACE and systemic therapy for ICC both domes-
tically and internationally. This study aims to conduct
a preliminary study and explore the safety and efficacy
of drug-eluting beads transcatheter arterial chemo-
embolization and systemic therapy in the treatment of

unresectable intrahepatic cholangiocarcinoma, which is
reported as follows.

Methods

Case selection

This study used a retrospective cohort analysis to collect
clinical data of 209 patients with unresectable intrahe-
patic cholangiocarcinoma admitted to Linyi Cancer Hos-
pital, Affiliated Zhongshan Hospital of Dalian University,
Affiliated Central Hospital of Dalian University of Tech-
nology from January 2020 to January 2024. Among them,
82 patients received DEB-TACE combined with sys-
temic chemotherapy and immune checkpoint inhibitors,
and 127 patients received systemic chemotherapy and
immune checkpoint inhibitors alone. Inclusion criteria:
@ Age range of 18 to 80 years old (including 18 and 80
years old), regardless of gender; @ Pathological diagno-
sis confirmed by histological or cytological examination,
meeting the diagnostic criteria for intrahepatic cholan-
giocarcinoma on the basis of clinical features, imaging,
and tumor markers; ® ECOG score <2 points, Child A/B
level (5-7 points); @ Clinical and follow-up data are com-
plete. Exclusion criteria: ® Hepatocellular carcinoma or
mixed hepatocellular carcinoma; @ Unable to effectively
control extrahepatic metastases: lung metastasis com-
bined with pulmonary dysfunction, bone metastasis can-
cer combined with uncontrollable bone pain or inability
to take care of oneself, brain metastasis cancer combined
with uncontrollable intracranial hypertension, etc.;® Pre-
viously received anti-tumor treatments such as TACE,
radiotherapy, and chemotherapy; @ Lack of clinical and
follow-up data.
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Basic information

Basic clinical information of the patients was extracted,
including gender, age, ECOG score, Child grade, tumor
size, tumor number, tumor stage, presence of extrahe-
patic metastasis, tumor control, patient survival time,
treatment side effects, etc.

Treatment methods

After the patient is admitted, general examinations and
relevant examinations before treatment should be com-
pleted, and a comprehensive evaluation should be con-
ducted to rule out treatment-related contraindications.
The comprehensive treatment team for liver and gallblad-
der tumors discussed the patient’s condition, stage, and
basic physical condition, and combined with the wishes
and economic situation of the patient and their family,
ultimately determined the treatment plan (DEB-TACE
combined with systemic therapy or systemic therapy).

DEB-TACE: the right femoral artery was punctured by
Seldinger method, the RH liver tube routine abdominal
artery, common hepatic artery angiography, according
to the tumor site, size, and the complete tumor stain-
ing, auxiliary diaphragmatic artery, superior mesenteric
artery, left gastric artery, right renal artery, angiography,
to identify all the feeding artery of the tumor. After the
microcatheter was selected to the tumor feeding artery,
the pre-configured drug loaded microsphere (micro-
sphere diameter: 100~300 pu m, loaded drug: epirubi-
cin 60~80 mg) was slowly injected until embolization
was stopped when the contrast flow rate stopped. After
5 min, embolization occurred until the tumor stain-
ing completely disappeared. If the tumor is still stained,
embolization was added. DEB-TACE was performed
once every 6 weeks for 1 to 2 times.

Systemic therapy: primary systemic regimen was gem-
citabine combined with oxaliplatin and PD1-inhibitor.
Gemcitabine was administered intravenously at a dose of
1000 mg/m? on days 1 and 8, and oxaliplatin was admin-
istered intravenously at a dose of 85 mg/m? on days 1,
and PD1-inhibitor [Carelizumab (200 mg) or Sintil-
imab (200 mg) or Tirelizumab (200 mg) or Treprizumab
(240 mg)] was administered intravenously on days 1.
These cycles were repeated every 21 days. In the observa-
tion group, administration of systemic therapy was first
within 2—-3 weeks after the initiated DEB-TACE.

Postoperative follow-up

The first evaluating was administered at 2 cycles of
treatment after, during which, the abdominal contrast-
enhanced computed tomography (CT), or magnetic res-
onance (MRI) was carried out for assessment of tumor
response. After the first follow-up, subsequent visit
was conducted every 2-3 months. During the follow-
up process, when there is intolerable toxicity, disease
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progression and other conditions, the follow-up treat-
ment was discussed according to the needs of our com-
prehensive hepatobiliary tumor treatment team and the
patient.

Efficacy evaluation

According to the modified efficacy evaluation criteria for
solid tumors (m RECIST), tumor response was evalu-
ated by two radiologists with 10 years of work experi-
ence: efficacy was determined as complete response
(CR), partial response (PR), stable disease (SD), and dis-
ease progression (PD). Objective response rate (ORR) =
(CR+PR) /total cases x 100%, disease control rate (objec-
tive response rate, DCR) = (CR+PR +SD) /total cases x
100%. Progression-free survival (PFS) was defined as the
time from treatment initiation to PD or death, and the
time from treatment initiation to last follow-up; overall
survival (OS) was defined as the time from treatment
initiation to death or last follow-up. Adverse reactions:
Adverse reactions: According to the Common Termi-
nology Criteria for Adverse Events (CTCAE) 5.0 of the
National Cancer Institute (NCI) in the United States, the
criteria are classified as grades 0—4.

Statistical analysis

IBM SPSS software (version 21.0) and the R software
(Version 4.1.1) were used for statistical analysis of the
detected data. The quantitative data(age) did not follow
a normal distribution, which were expressed as Median
(Quartile Range); and Wilvoxon rank sum test was used
for comparison. The Categorical variables(gender, ECOG
score, child grading, tumor characteristics, extrahepatic
metastases, tumor control rate, treatment side effects,
etc.) were expressed as frequency and percentage; a com-
parison was carried out by using the chi-square test. Pro-
pensity score matching was used to minimise selection
bias, the PSM ratio was set to a 1:1 ratio. Age, sex, Child-
pugh grade, ECOG score, extrahepatic metastasis, tumor
size, tumor number, tumor Staging were included in the
matching model. The Kaplan-Meier approach was used
to calculate OS and PFS, plot survival curves, while dif-
ferences in survival were assessed using the log-rank sum
test. The univariate and multivariate analyses on progno-
sis of patients were conducted by Cox regression model.
All statistical tests were two-sided, and a P<0.05 was
considered statistically significant.

Results

Patient characteristics

From January 2020 to January 2024, a total of 301 patients
with ICC were admitted to Linyi Cancer Hospital, Affili-
ated Zhongshan Hospital of Dalian University and
Affiliated Central Hospital of Dalian University of Tech-
nology. After excluding resectable ICC (n=59), combined
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hepatocellular-cholangiocarcinoma (cHCC-CCA, n=7),
incomplete follow-up data (#=9), uncontrolled distant
metastases (#=6), and previous anti-tumor treatment
(n=11), 209 patients were included in the data analy-
sis (Fig. 1). Among 209 patients, 82 (observation group)
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received DEB-TACE combined with systemic treatment,
while 127 (control group) received simple systemic treat-
ment. We conducted a 1:1 propensity score matching
between the two groups. After PSM, a control group
of 71 cases and an observation group of 71 cases were

Unresectable ICC patients treated in three centers from
01/2020-01/2024 {n=301)

A 4

Excluded (n=92)

® resectable (n=30)

® Mixed feature ICC-HCC (n=7)

® Data incomplete (n=9)

® Uncontrollable extrahepatic
metastases (n=6)

Previously received antitumor
theraov (n=11)

Eligible patients(n=209)

Excluded(n=11) [€ =~ Propensity Score Matching (1:1) il Excluded(n=56)

Observation group(n=71)

control group(n=71)

Short-term outcomes

Long-term outcomes

Fig. 1 Flowchart of this study. 209 patients who underwent in three centers from January 2020 to January 2021 were collected and divided into control
and observation groups. After propensity-score matching, shortand long-term outcomes were compared
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included in this study. Prior to matching, there were sta-
tistically significant differences in some baseline features
between the two groups, particularly in terms of tumor
characteristics, including ECOG score (P=0.018), extra-
hepatic metastasis (P=0.013), tumor size (P=0.002), and
tumor staging (P=0.040). As shown in Table 1, there
was no statistically significant difference in the covari-
ates between the two groups after PSM (P> 0.05), and the
SMD values of each factor were all <0.2, indicating an
improvement in balance.

Tumor response evaluation

Before PSM, In the observation group, 82 patients, ORR
74.39% (61 / 82,CR 1, PR 60), DCR 96.34% (79 / 82,SD
18); In the control group, 127 patients, ORR 36.22%
(46 / 127,PR 46) and DCR 89.76% (114 / 27,SD 68). The
ORR was significantly higher than the control group
(P<0.001), and the DCR of the observation group was
not different from the control group (P=0.081). After
PSM, In the observation group, 71 patients, ORR was
76.06% (54 / 71,CR 1, PR 53), DCR 97.18% (69 / 71,SD
15), in the control group, 71 patients ORR was 52.11% (37
/ 71,PR 37), DCR 85.92% (61 / 71,SD 24), both the ORR
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and DCR were significantly higher than the control group
(P=0.004; P=0.025)(Table 2).

Survival analysis

Follow-up to June 1,2024 was 4 to 31 months, median fol-
low-up of 12 months, mean (13.55 + 5.05) months. 89.02%
(73 / 82) of patients in the observation treatment group
died and 88.19% (112 / 127) of patients in the control
group died. Before PSM, the median PES in the observa-
tion group was 10 months(95%CI: 9.29-10.71), and the
median PFS in the control group was 9 months (95%CI:
8.40-9.60), and The two groups were tested by Log Rank
(Mantel Cox) with a x2=3.885 and P=0.059. The survival
curves are shown in Fig. 2a, and the difference in results
between the two groups is statistically insignificant. After
PSM, the median PFS in the observation group was 10
months(95%CI: 9.36-10.64), and the median PFS in the
control group was 8 months (95%CI: 7.16-8.84). The
two groups were subjected to Log Rank (Mantel Cox)
test with x2=21.991 and P<0.001. The survival curves
are shown in Fig. 2b, and the difference between the two
groups is statistically significant. Before PSM, the median
OS in the observation group was 17 months (95%CI:

Table 1 Baseline characteristics of patients in the two groups before and after PSM

Characteristics Before PSM After PSM
Observation Control SMD P Observation Control SMD P
group(n=2382) group(n=127) group(n=71) group(n=71)

Median (IRQ) 60(337~79) 59(35~78) 0.039 0.969 60(37~79) 60(35~77) 0.059 0.731
Sex 0.974 0.723
Male 56 87 0.180 48 46 0.010

Female 26 40 0.180 23 25 0.010
Child-Pugh Grade 0.406 0.797
A5 49 71 0.101 42 41 0.029

A6 22 44 0.242 19 22 0.038

B7 1 12 0.192 10 8 0.015

ECOG Score 0.018 0.699
0 32 30 0.389 28 24 0.036

1 43 91 0443 37 42 0.019

2 7 6 0.196 6 5 0.006
Extrahepatic metastasis 0.013 0.835
Yes 65 80 0.236 56 57 0.033

No 17 47 0.236 15 14 0.033

Tumor size, cm 0.002 0.392
<5 28 71 0.104 26 31 0.051

>5 54 56 0.104 45 40 0.051

Tumor number 0.990 0.730
1~3 49 76 0.072 43 45 0.046

>3 33 51 0.072 28 26 0.046

Tumor Staging 0.040 0.604
Il 5 17 0.283 4 7 0.068

Il 12 30 0453 1 12 0.023

v 65 80 0.604 56 52 0.017

PSM: Propensity Score Matching; IQR: InterQuartile Range; ECOG: Eastern Cooperative Oncology Group; SMD: Standardized Mean Difference. SMD<0.1 considered

as well balanced among baseline variables



Song et al. World Journal of Surgical Oncology (2025) 23:21 Page 6 of 12

Table 2 Summary of response rates before and after PSM

All response, n(%) Before PSM After PSM
Observation group(n=82) Control group(n=127) P Observation group(n=71) Control group(n=71) P
CR 1(1.22) 0(0) 1(1.41) 0(0)
PR 60(73.17) 46(36.32) 53(74.65) 37(52.11)
SD 8(21.95) 68(53.54) 15(21.12) 24(33.81)
PD 3(3.66) 13(10.24) 2(2.82) 10(14.08)
ORR 61(74.39) 46(36.32) <0.001 54(76.06) 37(52.11) 0.002
DCR 79(96.34) 114(89.76) 0.081 69(97.18) 61(85.92) 0.015

CR: Complete Response; PR: Partial Response; SD: Stable Disease; PD: Progression Disease; ORR: Objective Response Rate; DCR: Disease Control Rate; PSM: Propensity
Score Matching
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Fig. 2 Kaplan-Meier analyses of progression-free survival and overall survival in the two groups before PSM and after PSM

15.61 ~18.39), and the median OS was 12 months(95%CI:  Prognostic factors analyses
11.30-12.70). The two groups were subjected to Log  Univariate analysis showed that Child grade, tumor size,
Rank (Mantel Cox) test with x2 =42.085 and P<0.001. The  tumor number and treatment mode were factors affect-
survival curves are shown in Fig. 2c, and the difference in  ing the PFS of patients (P<0.05); statistically significant
results between the two groups is statistically significant.  differences in univariate analysis were included in mul-
After PSM, the median OS of patients in the observa- tivariate analysis showed that Child grade and treatment
tion group was 17 months, 95%CI: 15.61 ~18.39, and the = mode were independent influencing factors affecting the
median OS of the control group was 11 months, 95%CI:  PFS of patients (P <0.05). Univariate analysis showed that
10.26 ~11.73. The two groups were subjected to Log  Child grade, tumor size, tumor number and treatment
Rank (Mantel Cox) test with x2 = 34.826 and P<0.001. The = mode were factors affecting the OS of patients (P<0.05);
survival curves are shown in Fig. 2d, and the difference in  statistically significant differences in univariate analysis
results between the two groups is statistically significant. ~ were included in multivariate analysis showed that Child
Figure 3 for typical cases. grade and treatment mode were independent influencing
factors affecting the OS of patients (P<0.05). Results of
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Fig. 3 A:Enhanced CT images before interventional treatment. B: Plain CT scan showed signifcant low-density changes of the tumor 5 days after treat-
ment. C: Enhanced CT showed signifcant low-density changes of the tumor 1.5 months after treatment, without any enhancement. D: Enhanced CT
showed that the lesion was signifcantly reduced, and no signifcant enhancement was found 3 months after treatment. E:6 months after treatment, the
features of the lesion were further reduced compared to group D, without signifcant changes. F: 12 months after treatment, the features of the lesion
were basically the same as those in E, without signifcant changes. G: Digital subtraction angiography during the interventional procedure, suggesting
that the lesion in the liver was stained and supplied by the right hepatic artery branch. H: Image after interventional embolization, showing complete

disappearance of tumor staining

the univariate and multivariate analyses after matching
are shown in Table 3.

Safety

After PSM, the DEB-TACE related adverse reactions in
the observation group patients included fever, pain, nau-
sea and vomiting, liver function damage, etc., all of which
were <grade 2 and lasted for 5-7 days. After symptom-
atic treatment by internal medicine, all of them were
relieved. There were no serious complications such as
liver abscess, gastrointestinal perforation, liver and kid-
ney failure. The adverse reactions that occurred during
the systemic treatment of the two groups of patients,
except for a few that were grade 3, were all grade 2 or
below. After symptomatic treatment such as leukocyte

elevation, antiemetic, gastric protection, and anti allergy,
they improved. There was no statistically significant dif-
ference in the incidence of various adverse reactions
between the two groups of patients during systemic
treatment (P> 0.05)(Table 4).

Discussion

ICC is a primary liver cancer originating from the epithe-
lium of the secondary bile duct and its branches, account-
ing for 5%~10%, and is prone to extrahepatic metastasis,
leading to low surgical resection rate [12, 13]. According
to statistics, even if ICC obtains radical resection, the
5-year survival rate after surgery is only 20-40% [14, 15].
Patients with unresectable ICC often choose palliative
radiotherapy and chemotherapy, mainly to delay tumor
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Table 4 Incidence of adverse reactions of two groups during the treatment with systemic therapy
Adverse Reaction Observation Group (N=71) Control Group (N=71) X2 P

Grades I~II Grades Incidence Grades I~ll  Grades Incidence

(case) i~V (%) (case) 1~V (%)

(case) (case)

Bone marrow suppression 21 5 36.62 22 6 3944 0.116 0.729
Nausea and vomiting 26 8 47.89 24 5 40.85 0.713 0.398
Rash 7 0 9.86 8 0 11.27 0.075 0.785
Reactive cutaneouscapillary endothelial 8 0 11.27 10 0 14.08 0.255 0614
proliferation
Hypothyroidism 5 0 7.04 6 0 845 0.099 0.754
Immunotherapy related pneumonia 3 0 423 3 0 423 0.000 1.000
Immunotherapy related hepatitis 4 0 563 3 0 423 0.150 0.698
Arthrodynia 4 0 563 5 0 7.04 0.119 0.731

progression and have poor overall survival prognosis.
Studies have shown that immune checkpoint inhibitors
combined with radiotherapy and chemotherapy are an
effective treatment for biliary malignancies [16-18]. In
a study of a GEMOX (gemcitabine plus oxaliplatin) regi-
men combined with camrelizumab for advanced bile duct
malignancy, the combination resulted in an 89% DCR
and a PFS rate of 50% at 6 months [19]. The mid-term
results of KEYNOTE-966 Phase III clinical trial showed
that compared with chemotherapy alone, chemotherapy
combined with pembrolizumab can reduce the risk of
death in advanced biliary malignancies by 17%, but the
median OS was only prolonged by 1.8 months [20]. Sys-
temic chemotherapy combined with immune checkpoint
inhibitors is a promising treatment option for biliary
malignancies, but the survival benefits seem to be lim-
ited. As a palliative treatment, most patients will expe-
rience intolerable toxicity or disease progression during
continuous systemic therapy, ultimately leading to treat-
ment termination. Therefore, it is urgent to explore and
solve a new and effective treatment plan for ICC, espe-
cially for unresectable ICC.

TACE is considered an effective local treatment for
unresectable hepatocellular carcinoma, but the blood
supply vessels are the basis for TACE treatment of liver
tumors. ICC is often considered the main reason for poor
TACE efficacy due to its thin blood vessels and lack of
blood supply to tumors [21]. In addition, iodinated oil
has always been the main embolic agent for TACE. As a
permanent embolic agent, iodinated oil requires super-
selective tumor vessel embolization to further reduce
liver damage and ectopic embolism. When DSA imaging
shows a lack of blood supply, iodinated oil often deposits
poorly, which affects the efficacy of TACE in treating ICC
[22, 23]. With the continuous development of emboliza-
tion materials and technologies, TACE therapy is gradu-
ally entering the era of microsphere embolization. As a
new type of embolization material, drug-eluting beads
have the dual effects of embolization of tumor arteries
and slow release of chemotherapy drugs, and have shown

good application prospects in the treatment of liver can-
cer with poor blood supply [24, 25]. In the previous study,
our team applied domestic drug-loaded microspheres
TACE to treat the liver metastasis of colorectal cancer to
achieve satisfactory treatment results, and significantly
prolonged the survival of patients [26]. Luo et al. treated
37 patients with unresectable ICC using DEB-TACE, with
an ORR of 67.6% and a median OS of 376 days [27]. In a
prospective study comparing DEB-TACE with ¢-TACE
in the treatment of ICC, Wang et al. found that the
ORR of patients in the DEB-TACE group was 70%, sig-
nificantly better than the 20% in the c-TACE group. PES
was prolonged by 5 months, and OS was prolonged by
2.5 months [28]. These studies suggest that drug loaded
microspheres may be more suitable for TACE treatment
of intrahepatic cholangiocarcinoma. The high conform-
ability of drug loaded microspheres can better embolize
the donor blood vessels, while synergistically enhancing
the chemoembolization effect with slowly releasing che-
motherapy drugs. Zhou et al. conducted a retrospective
analysis of 88 patients with unresectable ICC treated with
DEB-TACE, and the study suggests that combined sys-
temic therapy is a protective factor for improving prog-
nosis [29]. The DEB-TACE procedure cannot achieve
complete tumor embolization and necrosis, and it still
cannot overcome the problem of tumor recurrence and
progression. Therefore, for unresectable ICC patients,
combining TACE with systemic treatment can comple-
ment each other’s advantages, address the shortcomings
of monotherapy, and may further improve the overall
treatment effect.

In this study, the combined use of DEB-TACE and
systemic therapy, or the application of systemic therapy
alone, in unresectable ICC patients demonstrated that
the observation group exhibited higher ORR and DCR
than the control group. The observation group of patients
demonstrated significant low-density necrosis of liver
tumors 5-7 days post-intervention, with some show-
ing honeycomb-like changes, indicating that despite
the lack of blood supply and fine tumor vessels in ICC,
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DEB-TACE effectively embolizes the feeding arteries of
the tumor, rapidly reducing tumor burden. Subsequent
chemotherapy and immune checkpoint inhibitor treat-
ments sustained this favorable state of tumor necrosis,
therefore led to reduced recurrence risk and favorable
survival profile in ICC patients. Follow-up observations
indicated that the observation group patients achieved a
median PFS of 10 months and a median OS of 17 months,
significantly longer than those in the control group. The
Cox multivariate prognostic analysis revealed that com-
bined DEB-TACE treatment serves as a protective fac-
tor for patient survival outcomes (PFS and OS), further
indicating that in unresectable ICC patients, the addition
of DEB-TACE to systemic chemotherapy and immune
checkpoint inhibitor treatments can further extend pro-
gression-free and overall survival, significantly improving
patient prognosis. Furthermore, the prognosis of patients
is unaffected by the size and number of tumors, partic-
ularly for multiple liver tumors. During DEB-TACE, a
hybrid approach of superselective catheterization to the
feeding artery embolization and regional tumor-spe-
cific embolization is employed. Regional tumor-specific
embolization aligns more closely with the fundamental
principles of radical treatment for malignant tumors. ICC
patients, free of adverse conditions like hepatitis and cir-
rhosis, exhibit greater tolerance to DEB-TACE treatment.
Regarding multiple tumors, it might indicate various cel-
lular origins and molecular evolutions, which made them
difficult to treat. While by using DEB-TACE, multiple
tumors were easier to embolism, which led to favorable
prognosis in ICC patients. Studies have shown that DEB-
TACE is more suitable for the treatment of multiple ICC,
which is consistent with the results of this study [28].
Certainly, the prognostic factor analysis in this study also
suggested that liver function is a protective factor for
the survival prognosis of ICC patients, which is similar
to TACE treatment in HCC [30, 31], In the treatment of
liver tumors, the maintenance of good liver function is an
important basis for antitumor and improved prognosis.
In this study, the common adverse reactions after DEB-
TACE treatment were fever, pain, nausea and vomiting,
all grade 2, lasting 5 d to 7 d, and relieved after symp-
tomatic treatment, which was consistent with the reports
related to adverse reactions of DEB-TACE [32, 33]. Liver
abscess is considered as one of the most serious compli-
cations of TACE treatment, and too small microparticle
size and excessive embolization are considered as the
main cause of liver abscess after TACE [34]. In this study,
drug-eluting beads ranging from 100 to 300 um were
employed, with no liver abscesses observed throughout
35 TACE sessions, confirming the safety of this emboli-
zation approach for treating ICC. The primary systemic
therapy-related adverse reactions in this study included
bone marrow suppression, gastrointestinal issues, rash,
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liver dysfunction, and treatment-associated pneumo-
nia. Immune-related skin reactions are a common
adverse effect of ICI therapy, occurring in approximately
30-45%.> Grade 2 skin reactions are uncommon [35, 36].
In this study, the primary skin adverse reactions were
rash and capillary hyperplasia, occurring in about 23.24%
of the patients, a rate lower than that reported in the liter-
ature. Additionally, we observed other adverse reactions
to ICI therapy including treatment-related pneumonia,
hepatitis, and hypothyroidism, all below Grade 3, with no
severe immunological side effects. Recent literature has
noted fatal adverse reactions associated with immune
checkpoint inhibitor therapy, such as fatal myocardi-
tis and hepatotoxicity, which have been reported to
result from combined treatments [37]. Although no fatal
adverse reactions occurred in this study, it is still believed
that monitoring and management of immune-related
adverse reactions must be enhanced in future treatments.

As we all known, the prognosis for patients with
unresectable advanced biliary tract carcinoma is poor.
Although this study showed that the efficacy of interven-
tional therapy combined with systemic therapy is supe-
rior to standard first-line therapy, these results were still
unsatisfactory compared to hepatocellular carcinoma.
Individualized precision treatment based on genetic test-
ing and molecular targeted detection is in full swing.
According to statistics, up to 40% of BTC patients have
at least one target gene that can be utilized or potentially
explored, which demonstrates the great potential of pre-
cision treatment [38]. However, these drugs may still be
lacking at present, and local combined with systemic
treatment is still the main treatment for unresectable
ICC.Our previous studies have found that m-TACE can
enhance the positive anti-tumor ability of patients with
malignant liver tumors, and these changes in the micro
environment include the increase of NK cells and CD4+/
CD8 +ratios and the decrease of Treg cells and IL-17 A
level [39, 40]. Changes in the immune microenviron-
ment bring additional anti-tumor benefits to the patient,
and if combined with other treatment methods, an anti-
tumor“superposition phenomenon’may occur. Of course,
this is still a speculation, and deeper mechanistic studies
are needed to confirm this speculation. It is also interest-
ing to provide a theoretical basis for combined targeted
and immunotherapy after intervention, as this research
may subvert conventional treatment methods and think-
ing patterns.

The present study has several limitations that need to
be addressed. First, the retrospective and non-random-
ized nature of this study makes it subject to certain selec-
tion bias. Second, participants who underwent treatment
in this study may be preliminary selected by us, this lim-
ited the external validity of our results. Third, meaningful
subgroup analyses could not be conducted because of the
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sample size. Fourth, the doctors who perform DEB-TACE
were not completely unified, a denser embolization could
be achieved by a more distal and superselective intuba-
tion to improve the embolization effect, but we could
not analyze their correlation. In short, Future large-
scale prospective clinical studies are required to validate
the efficacy and safety of this approach. Additionally,
the mechanism of action for this combined approach
requires further in-depth investigation.

In conclusion, in this propensity-score matching analy-
sis, we have found that drug-eluting beads transcatheter
arterial chemoembolization and systemic therapy, are
safe and effective for treating unresectable ICC, offering
a favorable treatment option for the comprehensive man-
agement of advanced ICC in clinical practice.
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