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Abstract

Purpose This retrospective study evaluated the efficacy,
safety, and factors affecting the prognosis of transarterial
chemoembolisation with irinotecan-eluting beads with
CalliSpheres (DEB-TACE) for intrahepatic cholangiocar-
cinoma (ICC).

Materials and Methods We retrospectively collected data
on 39 patients with unresectable ICC who received DEB-
TACE therapy. We assessed the indicators of tumour
response, progression-free survival (PFS), overall survival
(OS), and the incidence of adverse events. PFS and OS
were analysed using Kaplan—Meier curves, while Cox
analysis was used to identify factors affecting the
prognosis.

Results The 3-month objective response rate (ORR) and
disease control rate (DCR) of the 39 patients with unre-
sectable ICC were 35.9% and 56.4%, respectively, while
the 6-month ORR and DCR were 23.0% and 40.9%,
respectively. The median OS and PFS were 11.0 months
and 8.0 months, respectively. Cox analysis demonstrated
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that combined therapy (adjuvant sorafenib after DEB-
TACE) and a low cancer antigen (CA) 125 level (< 35
U/ml) were independent favourable prognostic factors.
Transient elevation of the aminotransferase level, nausea,
vomiting, abdominal pain, fever, and hyper-bilirubinaemia
were common adverse events in patients with unre-
sectable ICC treated with DEB-TACE with CalliSphere
beads (CBs). Hepatic abscess was the most serious com-
plication, observed in one patient.

Conclusions DEB-TACE with CBs is a safe and well-
tolerated therapy in patients with unresectable ICC with a
low incidence of adverse events and relatively prolonged
survival. Combined therapy and low CA125 are prognostic
factors associated with longer survival.

Keywords Intrahepatic cholangiocarcinoma -
Transarterial chemoembolization - Chemotherapeutic
drug

Abbreviations

AEs Adverse events

CB CalliSphere bead

CI Confidence interval

CR Complete response

CT Computed tomography

C-TACE Conventional TACE

DCR Disease control rate

DEB-TACE Drug-eluting bead TACE

ECOG Eastern cooperative oncology group
HR Hazard ratio

ICC Intrahepatic cholangiocarcinoma
MRI Magnetic resonance imaging
mRECIST Modified response evaluation criteria in
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ORR Objective response rate
(ON) Overall survival

PFS Progression-free survival
PR Partial response

SD Stable disease
Introduction

The incidence of intrahepatic cholangiocarcinoma (ICC), a
malignant tumour arising from the small bile ducts, is
increasing worldwide [1]. ICC accounts for approximately
15% of primary liver cancers and 3% of gastrointestinal
malignancies [2, 3]. The rapid progression and high
malignancy of ICC result in most patients being diagnosed
at the late stage, with consequent low surgical resection
rate, poor prognosis, and high mortality [4]. Factors such as
tumour size, differentiation degree, presence of multiple
tumours, lymph node metastasis, and portal-vein invasion
have been associated with survival [5, 6]. The median
overall survival (OS) of ICC ranges from 4.3 to 12 months,
and long-term survival is rare [7, §].

Liver resection is the radical therapy for ICC [9], but
most patients are diagnosed with unresectable or metastatic
disease. Even after resection, distant metastasis and
recurrence are common, and the prognosis is poor [10, 11].
Therefore, additional locoregional and nonsurgical thera-
pies are necessary to prolong the survival of patients with
unresectable ICC. Transcatheter arterial chemoembolisa-
tion (TACE) is a widely received palliative therapy among
patients with unresectable ICC and well-preserved liver
function [12, 13]. Conventionally, lipiodol is used as the
drug carrier in conventional TACE (C-TACE) therapy, but
it has a high fluidity and poor sustained-release effect.
Other embolisation materials, such as transarterial
chemoembolisation with drug-eluting beads (DEB-TACE),
could help overcome these issues [14].

CalliSphere beads (CBs, Jiangsu Hengrui Medicine Co.,
Ltd, Jiangsu, China), a novel type of drug-eluting beads, is
the first drug-eluting beads product developed by China
[15, 16]. Western countries, such as the USA and Italy,
have confirmed the safety and efficacy of DEB-TACE
[17, 18]. In a recent study, Zhou et al. used CalliSpheres
loaded with epirubicin to treat unresectable ICC [19]. In
another study Massimo et al. used irinotecan(100 mg)-
eluting beads to treat advanced cholangiocarcinoma, but
only five patients received DEB-TACE with irinotecan
[17]. Irinotecan was predominately used in TACE to treat

liver metastases of colorectal cancer [20]. Although it is
expected that irinotecan could be a promising therapy for
ICC [18], the clinical application of DEB-TACE with
irinotecan in patients with ICC remains relatively limited in
China.

The present study collected and analysed the data of 39
patients with unresectable ICC who underwent DEB-
TACE with irinotecan therapy in Fifth Medical Centre of
Chinese PLA General Hospital from April 2016 to October
2020, in an attempt to further elucidate its efficacy, safety,
and factors affecting the prognosis.

Methods
Patients

We collected the data of 39 patients with unresectable ICC
who underwent DEB-TACE at the Fifth Medical Centre of
Chinese PLA General Hospital between April 2016 and
October 2020. The inclusion criteria were diagnosis of
pathology-confirmed ICC, having received DEB-TACE
therapy using CB, and availability of complete and accu-
rate clinical data. Patients with other malignancies or those
with incomplete clinical data were excluded. The study
was approved by the appropriate ethics committee, and
each patient and guardian provided informed consent.

Clinical Data Collection

We collected the baseline clinical data of patients from
medical records, including age, sex, Eastern Cooperative
Oncology Group (ECOG) performance status, tumour-
node-metastasis staging, laboratory and pathologic exami-
nation results, magnetic resonance (MR) and computed
tomography (CT) images, and therapy procedure.

DEB-TACE Procedure and Therapy

TACE was performed by an experienced interventional
radiologist (> 5 years of experience). CBs (Jiangsu Hen-
grui Medicine Co., Ltd) with a diameter of 100-300 pm
and 300-500 pm were used in this study. The CBs and
irinotecan were mixed in a 20-mL syringe, and detailed
information regarding the drug-eluting procedure is pro-
vided in the Supplemental Material (Supplemental
Material).

A 5-F angiographic catheter (RF catheter; Terumo,
Tokyo, Japan) was inserted into the celiac trunk and
superior mesenteric artery to detect the arteries feeding the
tumours with digital subtraction angiography (including
cone-beam CT). The hepatic artery was then intubated
using the Seldinger technique. A 2.6-2.8-Fr microcatheter
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(SP microcatheter; Terumo, Tokyo, Japan) was used to
super select the tumour-feeding artery. The mixture of CB,
irinotecan, and contrast agents was extracted using a syr-
inge and injected into the superselected site through a
microcatheter. Embolisation was discontinued when the
flow rate of the contrast agent became slow or stagnant.
Angiography of the superior mesenteric artery and celiac
trunk was repeated, and the operation ended when the stain
lesion disappeared.

TACE was repeated after 3 months if residual tumours
or new lesions were confirmed on contrast-enhanced CT or
MR imaging (MRI) or until it was no longer viable
according to the following criteria: ECOG performance
status > 2, international normalised ratio > 2.5, liver and
kidney function damage, and life expectancy < 3 months.

Targeted Therapy

Adjuvant sorafenib (Bayer Pharma, Leverkusen, Germany)
was administered after DEB-TACE according to the
patient’s wishes when liver function returned to normal.
All patients received standard doses of sorafenib (400 mg
once a day, orally). Treatment interruptions and dose
reductions (200 mg once a day, orally) were allowed if
drug-related AEs occurred; treatment interruption was
indicated if any grade-3 AEs occurred. Moreover, symp-
tomatic treatment was provided to patients who experi-
enced drug-related AEs.

Follow-up Assessments

At baseline, all patients underwent physical examination,
medical history evaluation, assessment of the ECOG per-
formance status, and routine laboratory tests. Contrast-en-
hanced CT (Siemens Sensation Cardiac; Siemens Medical
Solutions, Erlangen, Germany) and MRI (Magneton Aera;
Siemens Medical Solutions, Erlangen, Germany) were used
to assess the tumours. The extent of disease was assessed
using the aforementioned imaging modalities. The mRE-
CIST was used to assess the tumour response, including
complete response (CR), partial response (PR), stable dis-
ease (SD), and progressive disease [21]. Localized tumour
response was defined as the progression/response at the
embolized region. The CIRSE classification system was
used to assess all AEs [22]. The objective response rate
(ORR) was defined based on the assessment of CR and PR,
and the disease control rate (DCR) was defined based on
the assessment of CR, PR, and SD. Telephone interviews
were used to follow up with all patients. The final follow-
up data were obtained on April 14, 2021. OS was defined
as the time from the start of DEB-TACE therapy to the date
of death from any cause. PFS was defined as the time from
the start of therapy to either liver-tumour progression or
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progression of lymph-node metastases or distant metasta-
sis. Lymph-node metastasis was considered for tumours
with a minimum diameter greater than 15 mm as measured
on contrast-enhanced CT or MRI.

Statistical Analyses

SPSS version 26.0 (International Business Machines Corp.,
Armonk, NY, USA) and GraphPad Prism version 8.0
(GraphPad, San Diego, CA, USA) were used for the sta-
tistical analyses. Data are presented as counts (%). Dif-
ferences in liver function indexes at each visit were
compared with the McNemar test. Survival curves were
generated using the Kaplan—Meier method, and data were
compared using the log-rank test with two-sided P-values.
Prognostic factors of OS were determined with univariate
and multivariate Cox analyses. P < 0.05 was considered
statistically significant.

Results
Patient Baseline Data

A total of 39 patients with unresectable ICC were included
in the study; 26 patients had ECOG performance status 1
(66.7%). Twenty-five patients had hepatitis B infection
(64.1%), while 17 (43.6%) and 21 (53.8%) patients
received subsequent and combined therapy, respectively.
The baseline characteristics of the patients are presented in
Table 1.

Tumour Response

A total of 39 patients underwent DEB-TACE, with 22
patients (56.4%) undergoing only one session; the
remaining patients received two or three sessions of DEB-
TACE. Twenty-one patients (53.8%) received DEB-TACE
combined with other therapies, such as molecular targeted
therapy and immunotherapy. After DEB-TACE therapy,
the 3-month and 6-month ORR and DCR in the 39 study
patients were assessed by experienced radiologists using
the mRECIST (Table 2). The localised ORR and DCR at
3 months were 35.9% and 56.4% and at 6 months were
25.6% and 43.5%, respectively. The 3-month ORR and
DCR were 35.9% and 56.4%, respectively. CR, PR, and SD
were observed in 3 (7.7%), 11 (28.2%), and 8 (20.5%) of
the 39 patients, respectively. At 6 months, the ORR was
23.0% and the DCR was 40.9%; CR, PR, and SD were
observed in 1 (2.5%), 8 (20.5%), and 7 (17.9%) patients,
respectively. (Fig. la—d).
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Table 1 Baseline Characteristics of the Study Patients (N = 39)

Parameters No Percentage
Age
< 60 24 61.5
> 60 15 38.5
Gender
M 25 64.1
F 14 359
ECOG performance status
1 26 66.7
2 13 333
TNM staging system
1 8 20.5
v 31 79.5
Liver disease
No liver disease 11 28.2
Cirrhosis 2 5.1
Hepatitis B 25 64.1
Hepatitis C 1 2.6
Macroscopic growth patterns
Periductal infiltrate 19 48.7
Lymph node metastases 17 43.6
Largest tumor
<5cm 8 20.5
>5cm 31 79.5
AFP level
< 10 ng/m 24 61.5
> 10 ng/ml 15 38.5
CA19-9 level
<39 U/ml 13 334
> 39 U/ml 24 61.5
No assay 2 5.1
CA125 level
< 35 U/ml 22 56.4
> 35 U/ml 13 333
No assay 4 10.3
Combined treatment
Yes 21 53.8
No 18 46.2
Repeatedly TACE
Yes 17 43.6
Yes 22 56.4

Data are presented as counts and percentages

ECOG, Eastern Cooperative Oncology Group; Combined treatment,
TACE combined with immunotherapy and targeting therapy;
Repeatedly TACE, TACE sessions > 1

Survival and Disease Progression

The OS and PFS of the patients with unresectable ICC who
underwent DEB-TACE therapy were estimated with
Kaplan—-Meier curves, which showed that the median OS
and PFS were 11 months (95% confidence interval [CI]:
8.2-13.7) and 8.0 months (95% CI: 4.8—11.1), respectively
(Fig. 2a and b).

Factors Influencing OS in Patients
with Unresectable ICC

Cox analysis was used to assess the data of the 39 patients
with unresectable ICC treated with DEB-TACE (Table 3).
Univariate analysis showed that combined therapy (hazard
ratio [HR] = 5.124, P = 0.001) was correlated with longer
OS, whereas the cancer antigen (CA) 125 level (HR =
0.302, P =0.009) was associated with shorter OS in
patients with unresectable ICC. Multivariate analysis
showed that combined therapy (HR =9.212, P = 0.001)
independently indicated longer OS, whereas the CA125
level (HR =0.273, P = 0.010) independently indicated
shorter OS in patients with unresectable ICC. The differ-
ence in OS across patients with different characteristics
was evaluated with further subgroup analysis (Fig. 3). The
results showed that a CA125 level < 35 U/mL (P = 0.027)
(Fig. 3a) and combined therapy (P = 0.004) (Fig. 3b) were
correlated with better OS. The median OS of the CA125
level < 35 U/mL subgroup was 13.0 months and that of
the CA125 level > 35 U/mL subgroup was 8.0 months;
and 20.0 months in the subgroup that received combined
therapy and 8.0 months in subgroup that did not receive
combined therapy. However, sex (P = 0.098) (Fig. 3c) and
tumour number (P = 0.061) (Fig. 3d) was not associated
with OS.

Liver Function Changes After Therapy

Compared with the preoperative levels, the total bilirubin,
alanine aminotransferase, and aspartate aminotransferase
levels were higher 1 week after the DEB-TACE therapy
(all P < 0.05). The values had returned to normal 1 month
after DEB-TACE (all P < 0.05) in most patients (Table 4).

Safety Analysis

All 39 patients were evaluated for treatment safety. The
most frequently reported TACE-related AEs were amino-
transferase elevation (33 patients, 84.6%), hyper-bilirubi-
naemia (18 patients, 46.2%), abdominal pain (14 patients,
35.9%), and fever (12 patients, 30.8%). One patient
developed a hepatic abscess after DEB-TACE therapy,
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Table 2 Tumor Response Evaluation Criteria in Solid Tumors

Tumor Response 3 months (localized) 3 months 6 months (localized) 6 months
Complete Response (n/%) 6(15.4) 3(7.7) 3(7.7) 1(2.5)
Partial response (n/%) 8(20.5) 11(28.2) 7(17.9) 8(20.5)
Stable disease (n/%) 8(20.5) 8(20.5) 7(17.9) 7(17.9)
Progressive disease (n/%) 17(43.6) 17(43.6) 22(56.5) 23(59.1)
Localized objective response rate (n/%) 14(35.9) - 10(25.6) -
Objective Response Rate (n/%) - 14(35.9) - 9(23.0)
Localized Disease Control Rate (n/%) 22(56.4) - 17(43.5) -
Disease Control Rate (n/%) - 22(56.4) - 16(40.9)

Data are presented as counts and percentages. Localized tumour response is defined as the progression/response at the embolized region.
ORR = CR + PR; DCR = CR + PR + SD

Fig. 1 a, b Preoperative MRI in
the arterial period and delay
period shows a mass lesions in
the right lobe of the liver and
lymph node metastasis (white
arrow); ¢, d Abdominal MRI
reexamination 3 months after
treatment revealed complete
necrosis of the lesion and
shrunken lymph node (white
arrow) in the arterial period and
delay period
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Table 3 Cox’s proportional Variable Univariate analysis Multivariate analysis
hazards regression model
analysis of factors affecting OS HR 95% CI P HR 95% CI P
Gender (Male/Female) 1.973  0.829-4.698 0.125
Family history of HCC 0.902 0.311-2.616 0.850
(Yes/No)
History of smoking (Yes/No) 1.089  0.508-2.335 0.826
History of alcohol 1.032  0.471-2.261 0.937
(Yes/No)
History of diabetes 0.940  0.222-3.983 0.933
(Yes/No)
Repeatedly TACE 1.150  0.533-2.482 0.722
(Yes/No)
Combined treatment (Yes/No) 5.124  2.137-12.284  0.001  9.212  2.617-32.427  0.001
Tumor NO. (1/ > 2) 0452 0.181-1.129 0.089 1431 0.395-5.192 0.585
Tumor size 1.036  0.416-2.581 0.940
(<5cm/>5cm)
Periductal infiltrate (Yes/No) 1.330 0.617-2.869 0.467
Lymph node metastases (Yes/No)  0.940  0.441-2.004 0.874
AFP level 1.067  0.479-2.378 0.873
(< 10 ng/ml/ > 10 ng/ml)
CA19-9 level 0.928  0.409-2.108 0.859
(< 39 U/ml/ > 39 U/ml)
CA125 level 0.302  0.124-0.739 0.009 0.273  0.102-0.735 0.010
(< 35 U/ml/ > 35 U/ml)
BMI level 0.302  0.532-2.446 0.735
(<£23.9/>239)
ECOG performance status (1/2) 0.712  0.330-1.536 0.387

Data are presented as HR (hazard ratio), 95% CI (confidence interval) and P-value. Prognostic factors
affecting OS (overall survival) were determined with univariate and multivariate Cox’s proportional hazard
regression analyses. A P-value < 0.05 was considered statistically significant

which resolved
(Table 5).

shortly after percutaneous drainage

Discussion

ICC is a hepatobiliary neoplasm with poor prognosis, and
only few patients with ICC undergo surgical resection [6].
Consequently, exploring reasonable and effective therapy
solutions for patients with unresectable ICC has long been
a worldwide challenge. TACE, as a palliative approach, is
a promising locoregional therapy. Consequently, TACE
has been considered a safe, effective, and feasible therapy
for patients with unresectable ICC [23]. Compared with
conventional TACE, DEB-TACE can be combined with
drug-eluting beads and drugs with releasing properties and
involves increased selective tumour targeting [24, 25]. In
this preliminary study, we selected CBs with diameters of
100-300 pm and 300-500 pm because the bead size may

alter the embolisation effect. Increasing evidence has
shown that intratumoral vessels are usually smaller than
300 pm [26-28]. In addition, CBs have been developed as
a new drug-eluting bead type in China. CBs, with some
negatively charged groups, can be combined with
chemotherapeutic drugs, such as irinotecan with a positive
charge, by ion exchange [29]. Studies have demonstrated
that approximately 80% of chemotherapeutic drugs can be
mixed with 100-300 pum and 300-500 um CBs within
30 min [14]. DEB-TACE with CBs is considered a rea-
sonable and effective therapy for unresectable hepatobil-
iary neoplasm according to recent clinical studies [16, 19].

The ORR of patients with unresectable ICC treated with
DEB-TACE in this preliminary study was lower than that
in previously reported studies [19, 30]. This could be
attributed to several reasons. First, the patients with unre-
sectable ICC in this preliminary study had a poor prog-
nosis, as the disease was diagnosed at an advanced stage.
Second, this was a retrospective study, and the sample size
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Table 4 Liver function before and after the DEB-TACE

Parameters Before operation  1-week postoperation  1-month postoperation P Value* P Value”
Albumin (ALB) abnormal 0/39 (0.0) 0/38 (0.0) 0/27 (0.0) - -

Total protein (TP) abnorma 0/39 (0.0) 0/38 (0.0) 0/27 (0.0) - -

Total bilirubin (TBIL) abnormal 6/39 (15.4) 18/38 (47.4) 4/27 (14.8) 0.041 1.000
Alanine Aminotransferase (ALT) abnormal 4/39 (10.3) 27/38 (71.1) 4/27 (14.8) 0.002 0.687
Aspartate Aminotransferase (AST) abnormal  5/39 (12.8) 33/38 (86.8) 5/27 (18.5) 0.001 1.000

Data are presented as counts and percentages

The comparison between pre-operatively and 1-week and 1 month post-operatively was conducted with the McNemar test. A P-value < 0.05

was considered statistically significant

#The P-value of liver function from pre-operatively to 1 week post-operatively

“The P-value of liver function from pre-operatively to 1 month post-operatively

was limited. Another phase II trial comprising patients with
unresectable ICC reported an ORR of 39.3% [31]. The
median OS and PFS in this study were longer than those in
previous studies, but there was no significant difference
[19, 32]. Similarly, a meta-analysis by Mosconi et al.
showed that the ORR and median OS were 19.3% and
13.5 months, respectively, in patients with
sectable ICC who received radio-embolisation. The effi-
cacy was not significantly different between radio-
embolisation and DEB-TACE [33]. Multivariate regression

unre-
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analysis showed that combined therapy and the CAI125
level were associated with OS in patients with unre-
sectable ICC. Further subgroup analysis showed that a
CAI125 level <35 U/mL and combined therapy were
related to a longer OS. Previous studies have also
demonstrated that combined therapy and the CA125 level
were factors influencing the prognosis [19, 32]; however,
prognostic factors, such as tumour burden and lymph-node
metastasis, were not statistically significant in this study,
which may be related to the study sample size [34, 35]. The
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Table 5 Common toxic effects encountered after treatment

Parameters n (%) Grade
Nausea/Vomiting 8/39 (20.5) 1-2
Abdominal pain 14/39 (35.9) 1-2
Aminotransferase elevation 33/39 (84.6) 1-2
Fever 12/39 (30.8) 1-2
Fatigue 2/39 (5.1) 1
Hyperbilirubinemia 18/39 (46.2) 1-2
Hepatic abscess 1/39 (2.6) 3

Data are presented as counts and percentages
The description is based on 39 dTACE records

median survival of up to 20 months highlighted the
advantage of combination therapy in patients with unre-
sectable ICC, including combined immunotherapy or
molecular targeted therapy. Therefore, a multidisciplinary
approach to therapy is necessary. The CA125 level as a
prognostic factor for patients with unresectable ICC
requires confirmation by further prospective studies.

Regarding the safety of DEB-TACE, we observed no
therapy-related deaths, and only one patient with unre-
sectable ICC developed a hepatic abscess after DEB-TACE
therapy. Hepatic abscesses are a serious and rare AE after
DEB-TACE therapy [24], and the main causes involve the
Child—Pugh class, damaged biliary mucosa, tumour bur-
den, and particulate embolisation among others [36]. The
baseline data of all patients and treatments were similar,
but only this one patient initially underwent liver resection
to remove a liver tumour, but the tumour relapsed, and the
patient received DEB-TACE to treat unresectable ICC.
Consequently, we assume that liver resection could lead to
damage to the bile duct, and DEB-TACE treatment was
performed after tumour recurrence, which could have
eventually led to the occurrence of the hepatic abscess. In a
previous study, the most commonly observed AEs after
DEB-TACE were fever, abdominal pain, hyper-bilirubi-
naemia, and increased transaminase levels, and the types of
AEs were similar to those of radio-embolisation
[24, 33, 37-39]. The incidence of AEs is relatively low,
and no serious AEs tend to occur [40]. Similarly, in the
present study, most therapy-related AEs were of grades 1
and 2. Common AEs included nausea, vomiting, abdominal
pain, fever, and fatigue. Although 84.6% and 46.2% of
patients respectively had elevated transaminase and TBIL
levels, the values had returned to normal 1 month after
DEB-TACE in most cases. Consistent with this evidence,
DEB-TACE in patients with unresectable ICC was rela-
tively safe, and the side effects were manageable.

Our study also has many limitations. First, the sample
size was relatively limited because the incidence of ICC is
low. Second, there was no significant improvement in
ORR, DCR, or OS in this study compared to previous
studies, possibly because most patients had unre-
sectable ICC. Although there is increasing progress in
therapies for ICC, safe and effective therapies for unre-
sectable ICC are lacking [41-44]. Third, although experi-
enced radiologists assessed the imaging data, it was
difficult to utilise the mRECIST to evaluate the safety and
efficacy of DEB-TACE in ICC because of irregular
necrosis. Finally, our study did not include an experimental
control group. We are intending to recruit patients in a
prospective study, and more compelling data will be further
exhibited.

In summary, for patients with unresectable ICC, this
study showed that DEB-TACE could be a reasonable and
effective therapy, with a low complication rate and rela-
tively prolonged survival. Combined therapy, including
molecular targeted therapy and immunotherapy, is an
independent prognostic factor for longer survival, while a
high CA125 level is a poor prognostic factor for survival.
Although DEB-TACE is a useful locoregional therapy, this
preliminary study showed that combining targeted therapy,
immunotherapy, and locoregional therapy is favourable for
patients with unresectable ICC. More rigorous prospective
studies are required in the future to confirm the value of
comprehensive therapy in patients with unresectable ICC.
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