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Objectives: DEB-TACE with irinotecan and C-TACE were compared with regards to
safety and efficacy for the therapy of intrahepatic cholangiocarcinoma (ICC).

Methods: Institutional Review Board approved our trial and we registered it in the
Chinese Clinical Trial Registry (ChiCTR1900022856). Forty patients with biopsy-
confirmed ICC were randomised to either receive DEB-TACE or C-TACE treatment
with 20 patients in each treatment arm. The primary endpoints objective response
rate (ORR) and progression free survival (PFS) using the mRECIST to evaluate the
tumours. The secondary endpoints were overall survival (OS) and safety. The chi-
square was used to analyse the data. The Kaplan-Meier method and Cox analysis
were used to evaluate the survival data.

Results:ORR (70% in DEB-TACE group vs. 20% in C-TACE, p = .001) at 1 month after
therapy, ORR (50% vs. 15%, p = .018) at 3 months and DCR (70% vs. 30%, p = .011) at
6 months, while no differencewas found in other groups. (all p > .05) Themedian PFS
with DEB-TACE was longer than that with C-TACE (8.0 months vs. 3.0 months) (p =
.042). Although the median OS was longer with DEB-TACE than with C-TACE
(11.5 months vs. 9.0 months), the difference was not statistically significant (p =
.280). The Cox regression analysis demonstrated that TACE sessions (p = .017) and
low CA125 levels (p = .001) were independent favourable prognostic factors. The
most frequent adverse event was elevated transaminase levels (20/20 in DEB-TACE
group vs. 15/20 in C-TACE group) (p = .047).

Conclusion:Our prospective study suggested betterORR and PFSwithDEB-TACEwith
irinotecan as compared to C-TACEwith irinotecan in the treatment of unresectable ICC.
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Abbreviations: AEs, adverse events; CB, CalliSphere Beads; CI, confidence interval; CR, complete response;
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Terminology Criteria for Adverse Events Version 5.0; DCR, disease control rate; DEB-TACE, drug-eluting
beads TACE; ECOG, Eastern Cooperative Oncology Group; HR, hazards ratio; ICC, Intrahepatic
cholangiocarcinoma; mRECIST, modified Response Evaluation Criteria in Solid Tumors; ORR, objective
response rate; OS, overall survival; PFS, progression free survival; PR, partial response; SD, stable disease.
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Introduction

Intrahepatic cholangiocarcinoma (ICC) is the relatively common
primary hepatic carcinoma excepted for hepatocellular carcinoma.
ICC accounts for approximately 10%–20% of newly diagnosed cases of
primary liver cancer (Gupta and Dixon, 2017). ICC is an epithelial cell
malignancy arising from cholangiocytes within the liver. It has
recently attracted attention as its incidence and associated mortality
rate have increased globally (Razumilava and Gores, 2014).

Although surgical resection of the tumour such that the margins
are histologically negative is the only available cure, this is achievable
in less than 30% of patients, and the 5 years survival rate with patients
is only 20% (Guglielmi et al., 2009). For patients with unresectable
ICC, TACE is an acceptable therapy. However, the median overall
survival for these patients is only 12 months and 5 years survival rate
less than 5% (Chiang et al., 2020; Massani et al., 2021; Tan et al., 2021).

DEB-TACE is a common palliative therapy and interventional
therapy for liver cancer and the sustained release of drugs and the
maintenance of drug concentrations within the tumour play important
roles. Combination of chemotherapeutic and embolic agents used in
TACE are thought to work synergistically to simultaneously limit blood
supply to the tumour and increase the local effect of chemotherapeutic
agents. Drug-eluting beads TACE (DEB-TACE) tries to provide a steady
release of therapeutic drug, hoping to improve overall chemotherapeutic
effect, as opposed to conventional TACE (C-TACE) which more rapidly
release drug and may overshoot and then undershoot therapeutic drug
thresholds (Zhang et al., 2017). CalliSphere is the first bead product
completely produced in China and used for DEB-TACE in recent years,
and several clinical studies and trials presented satisfying efficacy and
safety in DEB-TACE for ICC patients (Luo et al., 2020; Zhou et al., 2020).

Irinotecan-eluting beads TACE has been studies in the setting of
colorectal cancer liver metastases, however, there is significantly less
data on its use in setting of ICC. Irinotecan is a second-line therapy
option for metastatic colon cancers that are insensitive to 5-
fluorouracil (Tsujino et al., 2017). As the epithelial cells of the bile
ducts are a single layer of columnar epithelial cells that secrete mucus,
and the submucosa is surrounded by submucosal glands and smooth
muscle cells (Kondo and Fukusato, 2015). It is expected that irinotecan
could be a promising therapy for ICC. Numerous studies worldwide
have examined the use of irinotecan in the therapy of
cholangiocarcinoma such as the study of DEB-TACE with
irinotecan vs. doxorubicin as a second line treatment for ICC
(Venturini et al., 2016), but DEB-TACE with irinotecan and
C-TACE are rarely compared in some clinical trials. Therefore, this
prospective randomised trial of 40 patients with ICC aimed to
compare the difference of safety and efficacy of DEB-TACE with
irinotecan and C-TACE.

Materials and methods

Study design

This study was performed at the Fifth Medical Centre of Chinese
PLA General Hospital between 2019 and 2021 and was a single-centre,
prospective, randomised, controlled trial that aimed to compare the
safety and efficacy of DEB-TACE and C-TACE, both with irinotecan,
in the treatment of patients with Stage IIIA/B/C ICC, as defined by the
TNM classification system.

Informed consent was obtained from every study patient and/or
their legal guardian. This study was approved by the Ethical
Committee of the Fifth Medical Centre of the Chinese PLA
General Hospital. We registered this trial on the Chinese Clinical
Trial Registry (ChiCTR1900022856) in 2019.

This trial of sample size calculation

In previous studies, the ORR of patients who underwent DEB-
TACE and C-TACE was 67.6% and 23%, respectively (Savic et al.,
2017; Luo et al., 2020). Using a two-sided type I error of .05 and power
of 80%, we calculated requiring 40 enrolled participants, 20 in each
treatment arm.

Patients

Our study recruited 101 patients. Inclusion criteria were
age >18 years; diagnosis biopsy-confirmed or Chinese liver cancer
diagnostic criteria (Zhou et al., 2018) based on CT and MRI; ICC of
stage IIIA/B/C according to the TNM classification; ECOG score <2;
Child–Pugh class A and B; expected survival at least 6 weeks; adequate
liver function and renal function; and at least one measured lesion,
according to the mRECIST assessment for ICC(Lencioni, 2013).

Exclusion criteria were severe jaundice and massive ascites; other
cachexia and extreme physical weakness; Child–Pugh liver function
class C; serious cardiac dysfunction or liver dysfunction; renal failure;
mental disorder; active infection, particularly pancreaticobiliary
infection; patients who previously underwent other treatments,
such as TACE and local ablation; patients with greater than 70%
tumour load of the liver and thrombosis of the main portal vein, upper
gastrointestinal bleeding within the past 3 months, or HIV infection.

Randomization and grouping

Our study enrolled in total 40 patients with unresectable ICC.
40 patients were randomly assigned to two group using random
numbers table: 20 patients in DEB-TACE group who received
DEB-TACE with irinotecan, and 20 patients in C-TACE group
who received C-TACE with irinotecan.

DEB-TACE procedure and therapy

The diameter of CalliSphere Beads (CB; Jiangsu Hengrui Medicine
Co., Ltd.) was 100–300 μm used in this study. Beads were mixed with
irinotecan (Jiangsu Hengrui Medicine Co., Ltd.) after the initiation of
the operation. CB were extracted from a bottle using a 20 mL syringe,
and the syringe was placed upright for 2–3 min until the CB settled.
The supernatant was then removed. Thereafter, a 10 mL syringe was
used to extract saline for injection to dissolve 80 mg irinotecan at a
concentration of 20 g/L. The CB were mixed with irinotecan, and the
mixture was shaken once every 5 min for 30 min (six times). The drug
loading time was 30 min. After irinotecan was adsorbed by the CB,
non-ionic contrast agents (Jiangsu Hengrui Medicine Co., Ltd.) were
added to the CB mixture at a ratio of 1:1. Finally, the interventional
radiologist shaken the mixture and placed in a beaker for 5 min.
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A 5-F angiographic catheter (RF catheter; Terumo) was inserted in
the celiac trunk and superior mesenteric to detect the arteries feeding
the tumors with digital subtraction angiography and the hepatic artery
was intubated using the Seldinger technique. A 2.6-F–2.8-F
microcatheter (SP microcatheter; Terumo) was used to superselect
the tumour-feeding artery. The mixture of CB, irinotecan, and
contrast agent was extracted using a syringe and injected into the
superselected site through a microcatheter. Embolisation was stopped
when the flow rate of the contrast agent became slow or stagnant.
Angiography was performed again, the stain lesion disappeared and
the operation was ended.

TACE was repeated after 3 months if residual tumours or new
lesions were confirmed but it was no longer received TACE according
to the following criteria: Child-Pugh class of C, ECOG score >2,
international normalised ratio >2.5, liver and kidney function damage,
and life expectancy <3 months.

C-TACE procedure

Similarly, A 5-F angiographic catheter was inserted in the celiac
trunk and superior mesenteric to detect the arteries feeding the
tumors. 2.6F–2.8F microcatheter was used to superselectively place
the tumour feeding arteries. Iodized oil (Lipiodol Ultrafludio; Guerbet,
Aulnay-sous-Bois, France) was mixed with irinotecan (the iodized oil
is 5–20 mL and the irinotecan is 80 mg) and injected through a
microcatheter. Finally, a gelatin sponge was used to block the
tumour blood vessels. Angiography was performed again, the stain
lesion disappeared and the operation was ended. Similarly, C-TACE
was repeated after 3 months.

Follow-up assessments (trial endpoints)

At baseline, total patients received a physical examination, and their
medical history was taken. Assessments of Child–Pugh class, ECOG
performance status, and CA125 levels and routine laboratory tests were
conducted. Tumour assessments included contrast-enhanced CT (Siemens
Sensation Cardiac; Siemens Medical Solutions) andMRI (Magneton Aera;
SiemensMedical Solutions). The primary endpoints were tumour response
and PFS, and the secondary endpoints were OS and the incidence of
adverse events. All patients were assessed using abdominal contrast-
enhanced CT or MRI was performed 1 month after TACE and then
assess response of treatment every 8–12 weeks. MRI and CT images were
evaluated independently in a blinded fashion by two authors with >5 years
of experience. Tumour response using the mRECIST was evaluated and it
was defined as CR, PR, SD, and PD. The ORR was defined as the
population of CR and PR in all patients, and the DCR was defined as
the patients with CR, PR and SD. OS was defined as the time from start of
TACE therapy to the date of death or loss to follow-up. PFS was defined as
the time from therapy initiation to liver tumour progression, progression of
lymph node metastasis, or the development of distant metastases. All AEs
using the CTCAE v5.0 were recorded and assessed.

Statistical analysis

The intention to treat analysis was used to evaluate the safety and
efficacy in this study. SPSS 26.0 (IBM) and GraphPad Prism 8.0

(GraphPad) were used to analyse data. Data are displayed as counts
(%), means ± standard deviations, or medians (25th–75th). Survival
curves was generated by using Kaplan-Meier method, and data were
compared using a log-rank test or Tarone–Ware test for two-sided p
values. Cox proportional hazard regressionmodel was used to evaluate
the factors influencing prognostic. The ORR and DCRwere calculated,
and 95% confidence interval (CI) was computed for two therapy
group. Chi-square test was used to compare difference. p < .05 was
considered as statistically significant.

Results

Patient baseline characteristics

Of 101 reviewed patients, 40 were randomized for treatment based
on inclusion/exclusion criteria. They were randomly allocated to two
groups to receive DEB-TACE therapy (irinotecan-eluting beads, n =
20) or C-TACE therapy (irinotecan, n = 20). The process of selection is
summarised (Figure 1).

Overall, we found no significant difference in baseline
characteristics between the two randomized groups of 20 patients.
In the DEB-TACE and C-TACE groups, 12 (60%) and 10 (50%)
patients had periductal infiltration and 15 (75%) and 11 (55%) patients
had lymph node involvement, respectively. Tumour size was no
statistically significant difference between the two groups.
According to the patients’ wishes, 8 patients in D-TACE group and
9 patients in C-TACE group took sorafenib orally after treatment. All
patients were not received other local therapy in two groups. The
difference in the number of TACE sessions was not statistically
significant between the DEB-TACE and C-TACE groups (Table 1).

Tumour response

The primary endpoint was ORR in 40 study patients assessed by
experienced radiologists using mRECIST criteria (Figure 2). The
ORR at 1 month after therapy was 70% in the DEB-TACE group
(14 of 20), but in the C-TACE group, the ORR at 1 month was only
20% (2 of 20). Between the two groups, the ORR was statistically
significant difference (p = .001). DCR (95% in DEB-TACE group vs.
70% in C-TACE group, p = .096) at 1 month (Figure 2A). At
3 months ORR (50% vs. 15%, p = .018) and DCR (55% vs. 45%,
p = .527), respectively (Figure 2B). The ORR (40% vs. 20%, p = .168)
and DCR (70% vs. 30%, p = .011) at 6 months after therapy
(Figure 2C). Waterfall plot image shows tumor response of
40 patients at 3 months after therapy (Figure 3). CR and PR was
observed in 3 of 20 (10%) patients and 7 of 20 (40%) patients in
DEB-TACE group. CR and PR was observed in 0 of 20 (0%) and 3 of
20 (15%) patients in C-TACE group at 3 months, respectively.
Tumour response of one patient in the DEB-TACE group was
showed (Figure 3).

Survival and disease progression

In the DEB-TACE group, the median PFS was 8.0 months (95%
CI: 1.2, 14.8) and 3.0 months (95% CI: 1.6, 4.4) in the C-TACE group
[hazard ratio (HR), .5; 95% CI: .24, .94, p = .042] (Figure 4A).

Frontiers in Bioengineering and Biotechnology frontiersin.org03

Junxiao et al. 10.3389/fbioe.2022.1112500

https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://doi.org/10.3389/fbioe.2022.1112500


In the DEB-TACE group, the median OS was 11.5 months (95%
CI: 7.7, 14.3) and 9.0 months (95% CI: 7.0, 11.0) in the C-TACE group
(HR, .78; 95% CI: .38, 1.60, p = .280). In the DEB-TACE group, the 1-
year survival rate was 50% and was 35% in the C-TACE group
(Figure 4B).

Factors influencing OS of patients with
unresectable ICC

Cox analysis was used to assess the information of 40 patients with
unresectable ICC treated with TACE (Table 2). The TACE sessions
were performed with a univariate regression analysis showed (HR =
2.870, p = .036) correlated with longer OS, while High CA125 levels
(HR = .265, p = .001) were related with shorter OS. A multivariate
regression analysis demonstrated that TACE sessions (HR = 3.412, p =
.017) independently indicated longer OS. In contrast, CA125 levels
(HR = .219, p = .001) independently indicated shorter OS. We
performed the further subgroup analysis to assess the differences in
OS between patients with different subgroup (Figure 5). The results
demonstrated that TACE sessions (p = .020) correlated with longer OS
(Figures 5A). The median OS was 19.5 months in DEB-TACE group
and 9.0 months in C-TACE group with the TACE sessions subgroup
analysis. However, CA125 levels related with shorter OS (p = .001)

(Figure 5B) with a median OS of 18.0 months in the low CA125 levels
group and 8.0 months in the high CA125 levels group.

Safety analysis

We analysed all patients’ data about safety. Most complications are
grade Ⅰ-Ⅱ and only one complication is Ⅲ-Ⅳ. The most common
TACE-related adverse events were fever (DEB-TACE group, 10/
20 [50%] vs. C-TACE group, 11/20 [55%], p = .752); abdominal
pain (DEB-TACE group, 5/20 [25%] vs. C-TACE group, 8/20 [40%],
p = .311); hyperbilirubinemia (DEB-TACE group, 10/20 [50%] vs.
C-TACE group, 8/20 [40%], p = .525); and elevation of transaminase
levels (DEB-TACE group, 20/20 [100%] vs. C-TACE group, 15/
20 [75%], p = .047) (Table 3). Only one patient developed liver
abscess after DEB-TACE therapy, which was relieved after
percutaneous drainage.

Discussion

This study is a prospective clinical trial comparing safety and
efficacy of DEB-TACEwith irinotecan and C-TACEwith irinotecan in
the setting of unresectable ICC.

FIGURE 1
Flowchart of the trial profile.
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The 3 months ORR in DEB-TACE group was 50% in our study,
which was higher than that in patients who underwent C-TACE.
However, the ORR in the DEB-TACE group was lower than that in
previously reported studies (Marquardt et al., 2019; Zhou et al., 2020).
There may be several reasons for this. First, the patients included in
this study typically had a poor prognosis as most cases were diagnosed
atⅢ stage. Second, the sample size was relatively small. Another phase
II trial in unresectable cholangiocarcinoma showed that the ORR was
only 39.3% (Sohal et al., 2013). Conversely, median PFS (8.0 months,
95% CI: 1.2, 14.8) in the DEB-TACE group of this study was higher
than those in previous studies (Zhen et al., 2018; Zhou et al., 2020).

Median OS (11.5, 95% CI: 7.7, 14.3) in the DEB-TACE group was
similar to those found in previous studies (Kim et al., 2008; Zhou et al.,
2020) but was longer than that of the C-TACE group in this study.
Several studies of second-line chemotherapy for advanced biliary tract
cancer showed that median OS was less than 8 months, and hepatic
arterial infusion chemotherapy for advanced cholangiocarcinoma
showed median OS was 13.2 months (Chen et al., 2016; Lamarca
et al., 2021; Huang et al., 2022). The OS of these studies are similar to
ours (median OS in DEB-TACE group: 11.5 months). The
multivariate regression analysis demonstrated that TACE sessions,
and CA125 levels predicted OS in unresectable ICC patients. Further

TABLE 1 Baseline characteristics of the study patients.

Parameter D-TACE (n = 20) C-TACE (n = 20) p-value

Age .490

<60 13 (65) 15 (75)

>60 7 (35) 5 (25)

Sex .082

M 11 (55) 17 (85)

F 9 (45) 3 (15)

ECOG performance status .490

1 13 (65) 15 (75)

2 7 (35) 5 (25)

Child-Pugh class .790

A5 10 (50) 11 (55)

A6 7 (35) 7 (35)

B7 2 (10) 2 (10)

B8 15) 00)

TNM staging system .185

ⅢA/B 5 (25) 9 (45)

ⅢC 15 (75) 11 (55)

Macroscpic growth patterns .827

Periductal infiltrate 12 (60) 10 (50)

Lymph node metastases 15 (75) 11 (55)

Largest tumor .240

≤ 5 cm 4 (20) 9 (45)

5–10 cm 9 (45) 6 (30)

> 10 cm 7 (35) 5 (25)

AFP level

≤ 100 ng/mL 16 (80) 15 (75) 1.000

> 100 ng/mL 4 (20) 5 (25)

CA19-9 level .736

≤ 200U/mL 13 (65) 14 (70)

> 200U/mL 7 (35) 6 (30)

TACE sessions 1.000

= 1 14 (70) 14 (70)

> 1 6 (30) 6 (30)

Note. --- Data were presented as count and percentage. TNM staging system, Tumor Node Metastasis. ECOG, Eastern Cooperative Oncology Group.
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subgroup analysis showed that TACE sessions (p = .020) and
CA125 levels <35 U/mL (p = .001) were related with longer OS.
Previous studies have also demonstrated that TACE sessions, and
CA125 levels were factors influencing prognosis (Higashi et al., 2012;
Zhou et al., 2020). However, prognostic factors such as tumour burden
and lymph node metastasis were not statistically significant in this
study, though this may be related to the size of the study sample
(Bagante et al., 2019; Asaoka et al., 2020). The median survival of
approximately 10 months demonstrated the advantage of TACE
sessions in patients with unresectable ICC. CA125 levels may be a
factor influencing prognostic in these patients; but this needs to be
confirmed by prospective studies of bigger sample size.

Regarding safety, no therapy-related deaths occurred in our
study, and only 2.5% (1 of 40) of the patients developed liver
abscesses after DEB-TACE therapy, which is not a common
occurrence. In a previous study, the most common side effects
following TACE were abdominal pain, fever, and elevated
transaminase levels (Aliberti, et al., 2008; Carter and Martin Ii,
2009; Schicho et al., 2017). The incidence of side effects is relatively
low, and typically no major adverse events occur (Poggi et al.,
2008). Similarly, in our study, there were few side effects but almost
all patients had mild fever, hyperbilirubinemia, and elevated
transaminase levels. All patients in the DEB-TACE group and
15 patients in the C-TACE group showed elevated transaminase

FIGURE 2
ORR and DCR evaluating by modified Response Evaluation Criteria in Solid Tumors (mRECIST) in D-TACE group and C-TACE group. The comparison of
ORR and DCR at 1 month (A), 3 months (B), 6 months (C) after therapy between D-TACE group and C-TACE group. CR = complete response, PR = partial
response, SD = stable disease, PD = progressive disease. ORR: objective response rate, DCR: disease control rate.

FIGURE 3
(A) Preoperative MRI in the arterial period shows a mass lesion in the right lobe of the liver; (B) Preoperative MRI in the delay period shows tumor
thrombus of right anterior portal vein; (C) The intraoperative angiography showed the staining shadow of the mass tumor in the right lobe of the liver. Two
drug-eluting beads (300–500 μm, 80 mL irinotecan) and two embolization beads (300–500 μm) were used to embolization the tumor vessels; (D)
Abdominal MRI reexamination 3 months after DEB-TACE revealed complete necrosis of the lesion; (E) The tumor thrombus of portal vein was
significantly smaller than before.
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levels. Five patients who did not show elevated transaminase levels
were taking medications such as magnesium isoglycyrrhizinate.
The degree of embolisation, tumour size, and liver function may
affect transaminase levels, and this should be addressed in future
studies. The incidence of side effects between two treatment groups
was similar and most of side effects are grade Ⅰ-Ⅱ, thus, we

speculated that DEB-TACE And C-TACE with irinotecan have
comparable safety profiles.

TACE is a palliative approach and possible locoregional therapy
for liver cancer. It has been demonstrated to be safe and effective in
inducing tumour response in unresectable ICC(Savic et al., 2017).
DEB-TACE combines the embolisation and drug-eluting properties of

FIGURE 4
Kaplan-Meier curves shows all participants’ PFS and OS. (A)median PFS was 8.0 months (95% CI: 1.2, 14.8) in the DEB-TACE group and 3.0 months (95%
CI: 1.6, 4.4) in the C-TACE group (hazard ratio, .5; 95% CI: .24, .94 p = .042); (B) median OS was 11.5 months (95% CI: 7.7, 14.3) in the DEB-TACE group and
9.0 months (95% CI: 7.0, 11.0) in the C-TACE group (hazard ratio, .78; 95% CI: .38, 1.60 p = .280).

TABLE 2 Cox’s proportional hazards regression model analysis of factors affecting OS.

Variable Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P

Gender (Male/Female) 2.123 .854–5.279 .105 2.123 .854–5.279 .105

Age (≤60/>60) 1.617 .681–3.836 .276

BMI level (≤23.9/>23.9) 1.707 .794–3.670 .171

Family history of HCC (Yes/No) .905 .271–3.024 .871

History of smoking (Yes/No) .992 .466–2.111 .983

History of alcohol (Yes/No) .990 .465–2.109 .979

History of diabetes (Yes/No) 3.203 .756–13.578 .114

TACE sessions (= 1/> 1) 2.870 1.073–7.678 .036 3.412 1.240–9.389 .017

Tumor size (≤5 cm/> 5 cm) .895 .418–1.914 .774

Periductal infiltrate (Yes/No) 1.066 .501–2.270 .868

Lymph node metastases (Yes/No) .882 .385–2.022 .767

AFP level (≤10 ng/mL/> 10 ng/mL) .849 .393–1.830 .675

CEA level (≤3.4 ng/mL/> 3.4 ng/mL) .488 .220–1.080 .077

CA 19–9 level (≤39 U/mL/> 39 U/mL) .512 .215–1.218 .130

CA 125 level (≤35 U/mL/> 35 U/mL) .265 .117–.599 .001 .219 .093–.517 .001

CA 72–4 level (≤8.2 U/mL/> 8.2 U/mL) .993 .398–2.477 .988

ECOG performance status (1/2) 1.083 .486–2.413 .845

TNM staging system (ⅢA/B and ⅢC) 1.080 .472–2.472 .856

Note. --- Data were presented as HR (hazards ratio), 95% CI (confidence interval) and p-value. Prognostic factors affecting OS (overall survival) were determined by univariate and multivariate Cox’s

proportional hazards regression model analyses. p-value <.05 was statistically significant.
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beads resulting in selective tumour targeting. In this study, we selected
CB beads with diameters of 100–300 μm based on the following
reasons. First, smaller beads can behave more aggressively and
embolise distally, resulting in a higher concentration of the drug in
the tumoral vascular network (Pillai et al., 1991; Yamamoto et al.,
2006; Lee et al., 2008). Then, some clinical studies have shown that
using 100–300 μm beads may improve efficacy and safety of TACE.
Most studies of efficacy and safety of DEB-TACE in ICC using
100–300 μm beads to treat ICC patients (Martin et al., 2022; Yang,
et al., 2022). In a retrospective, single institution study conducted from
2010 to 2012, 61 participants were treated with TACE performed with
100–300 μm or 300–500 μm DEBs. The CR in the group for whom
100–300 μm beads were used was higher than that of the group for
whom 300–500 μm beads were used (59% and 36%, respectively). In
addition, the rates of toxicity were lower when smaller beads were used
(Padia et al., 2013). The incidence of postembolisation syndrome and
fatigue after therapy were 8% and 36% in the 100–300 μm group and
40% and 70% in the 300–500 μm group, respectively.

Our study also had some limitations. First of all, the sample size
was relatively small in this study. Secondly, there was no significant

improvement in ORR and OS in our study compared to those in
previous studies, because most patients had unresectable ICC.
Although therapy modalities for ICC are rapidly progressing,
effective therapy modalities for unresectable ICC are still lacking
(Colyn et al., 2020; Goyal et al., 2020; Tsilimigras et al., 2020;
Meadows and Francis, 2021). Finally, even if imaging data were
evaluated by experienced radiologists, it was difficult to use the
mRECIST criteria to evaluate the efficacy of TACE in ICC because
of irregular necrosis.

In general, the DEB-TACE group showed improvements in
ORR and DCR and nearly 5 months in median PFS when compared
with the C-TACE group, but the efficacy of DEB-TACE was not
satisfied. Consequently, it is crucial to explore the efficacy of
combination of loco-regional therapy, immunotherapy, and
targeted therapy in patients with unresectable ICC. Meanwhile,
the use of enzyme-activatable nanosystem and nanoscale
framework might provide more options for the treatment
strategy of ICC(Yu et al., 2021; Qiu et al., 2022). We will aim to
confirm the value of comprehensive therapy combinations for
patients with unresectable ICC in the future.

FIGURE 5
Comparison of OS in subgroup analysis. Independent predictive factors of OS were selected in subgroup analysis to further evaluate their influence on
patients’ survival. (A)Median OSwas 19.5 months in TACE sessions >1 group and 9.0 months (95% CI: 5.9–10.1) in TACE sessions = 1 group, p-value = .017; (B)
Median OS was 18.0 months (95% CI: 5.8–12.2) in low CA 125 level group and 8.0 months (95% CI: .0–25.9) in high CA 125 level group, p-value = .001.

TABLE 3 Common toxic effects encountered after treatment.

Toxic effect D-TACE (n = 20) C-TACE (n = 20) p-value Grade

Nausea 2 (10) 5 (25) .405 Ⅰ-Ⅱ

Vomiting 15) 15) 1.000 Ⅰ-Ⅱ

Fever 10 (50) 11 (55) .752 Ⅰ-Ⅱ

Abdominal pain 5 (25) 8 (40) .311 Ⅰ-Ⅱ

Fatigue 00) 15) 1.000 Ⅰ-Ⅱ

Hypertension 00) 15) 1.000 Ⅰ-Ⅱ

Hyperbilirubinemia 10 (50) 8 (40) .525 Ⅰ-Ⅱ

Elevation of transaminase 20 (100) 15 (75) .047 Ⅰ-Ⅱ

Hepatic abscess 15) 00) 1.000 Ⅲ-Ⅳ

Note. --- data were presented as count and percentage. The description was based on 40 DEB-TACE, records.
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Conclusion

(1) The objective response rate (ORR) and progression free survival
(PFS) were higher in the DEB-TACE group than in the C-TACE
group (ORR 70% vs. 20% at 1 month and mPFS 8.0 months vs.
3 months, respectively).

(2) The incidence of side effects was relatively low, and no major
adverse events occurred in either the DEB-TACE or C-TACE
group.

(3) TACE sessions and low CA125 levels were independent
favourable prognostic factors.

Data availability statement

The raw data supporting the conclusion of this article will be made
available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by Fifth Medical Centre of the Chinese PLA General
Hospital. The patients/participants provided their written informed
consent to participate in this study.

Author contributions

XH, YB, and YL: Conceptualization, substantial contributions to
conception, formulation or evolution of overarching research goals
and aims. WJ and XY: Methodology and Writing- original draft

preparation, substantial contributions to Development of
methodology and original draft preparation. LR and MZ: Resources
and Methodology, substantial contributions to samples collection,
acquisition of data and analysis. WZ and XY: Investigation,
substantial contributions to investigation process, specifically
performing the experiments and data collection.

Funding

This work was supported by grants from the Research and
Transformation Application of Capital Clinical Diagnosis and
Treatment Technology (No. Z201100005520059), National Natural
Science Foundation of China (No. 81971720) and Major science and
technology projects of “Prevention and treatment of AIDS, viral
hepatitis and other major infectious diseases” (No. 2020ZX10001010).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

References

Aliberti, C., Benea, G., Tilli, M., and Fiorentini, G. (2008). Chemoembolization (TACE)
of unresectable intrahepatic cholangiocarcinoma with slow-release doxorubicin-eluting
beads: Preliminary results. Cardiovasc. Interv. Radiol. 31, 883–888. doi:10.1007/s00270-
008-9336-2

Asaoka, T., Kobayashi, S., Hanaki, T., Iwagami, Y., Tomimaru, Y., Akita, H., et al.
(2020). Clinical significance of preoperative CA19-9 and lymph node metastasis in
intrahepatic cholangiocarcinoma. Surg. Today 50, 1176–1186. doi:10.1007/s00595-
020-01992-x

Bagante, F., Spolverato, G., Merath, K., Weiss, M., Alexandrescu, S., Marques, H. P., et al.
(2019). Intrahepatic cholangiocarcinoma tumor burden: A classification and regression
tree model to define prognostic groups after resection. Surgery 166, 983–990. doi:10.1016/j.
surg.2019.06.005

Carter, S., and Martin Ii, R. C. G. (2009). Drug-eluting bead therapy in primary and
metastatic disease of the liver. HPB Oxf. 11, 541–550. doi:10.1111/j.1477-2574.2009.
00071.x

Chen, Y., Li, H., Jiang, X., Chen, D., Ni, J., Sun, H., et al. (2016). Regional
thermochemotherapy versus hepatic arterial infusion chemotherapy for palliative
treatment of advanced hilar cholangiocarcinoma: A retrospective controlled study. Eur.
Radiol. 26, 3500–3509. doi:10.1007/s00330-016-4208-7

Chiang, N., Chen, M., Yang, S., Hsu, C., Yen, C., Tsou, H., et al. (2020). Multicentre,
phase II study of gemcitabine and S-1 in patients with advanced biliary tract cancer:
TG1308 study. Liver. Int. 40, 2535–2543. doi:10.1111/liv.14538

Colyn, L., Bárcena-Varela, M., Álvarez-Sola, G., Latasa, M., Uriarte, I., Santamaría, E.,
et al. (2020). Dual targeting of G9a and DNA methyltransferase-1 for the treatment of
experimental cholangiocarcinoma. Hepatology 73, 2380–2396. doi:10.1002/hep.31642

Goyal, L., Sirard, C., Schrag, M., Kagey, M. H., Eads, J. R., Stein, S., et al. (2020). Phase I
and biomarker study of the wnt pathway modulator DKN-01 in combination with
gemcitabine/cisplatin in advanced biliary tract cancer. Clin. Cancer Res. 26,
6158–6167. doi:10.1158/1078-0432.CCR-20-1310

Guglielmi, A., Ruzzenente, A., Campagnaro, T., Pachera, S., Valdegamberi, A., Nicoli, P.,
et al. (2009). Intrahepatic cholangiocarcinoma: Prognostic factors after surgical resection.
World J. Surg. 33, 1247–1254. doi:10.1007/s00268-009-9970-0

Gupta, A., and Dixon, E. (2017). Epidemiology and risk factors: Intrahepatic
cholangiocarcinoma. Hepatobiliary Surg. Nutr. 6, 101–104. doi:10.21037/hbsn.2017.01.02

Higashi, M., Yamada, N., Yokoyama, S., Kitamoto, S., Tabata, K., Koriyama, C., et al.
(2012). Pathobiological implications of MUC16/CA125 expression in intrahepatic
cholangiocarcinoma-mass forming type. Pathobiology 79, 101–106. doi:10.1159/
000335164

Huang, P., Huang, X., Zhou, Y., Yang, G., Sun, Q., Shi, G., et al. (2022). The efficacy and
safety of hepatic arterial infusion chemotherapy based on folfiri for advanced intrahepatic
cholangiocarcinoma as second-line and successive treatment: A real-world study. Can.
J. Gastroenterol. Hepatol. 2022, 1–7. doi:10.1155/2022/9680933

Kim, J. H., Yoon, H.-K., Sung, K.-B., Ko, G.-Y., Gwon, D. I., Shin, J. H., et al. (2008).
Transcatheter arterial chemoembolization or chemoinfusion for unresectable intrahepatic
cholangiocarcinoma: Clinical efficacy and factors influencing outcomes. Cancer 113,
1614–1622. doi:10.1002/cncr.23787

Kondo, F., and Fukusato, T. (2015). Pathogenesis of cholangiolocellular carcinoma:
Possibility of an interlobular duct origin. Intern. Med. 54, 1685–1694. doi:10.2169/
internalmedicine.54.3540

Lamarca, A., Palmer, D. H., Wasan, H. S., Ross, P. J., Ma, Y. T., Arora, A., et al. (2021).
Second-line FOLFOX chemotherapy versus active symptom control for advanced biliary
tract cancer (ABC-06): A phase 3, open-label, randomised, controlled trial. Lancet Oncol.
22, 690–701. doi:10.1016/S1470-2045(21)00027-9

Lee, K.-H., Liapi, E., Vossen, J. A., Buijs, M., Ventura, V. P., Georgiades, C., et al. (2008).
Distribution of iron oxide-containing embosphere particles after transcatheter arterial
embolization in an animal model of liver cancer: Evaluation with MR imaging and
implication for therapy. J. Vasc. Interv. Radio. 19, 1490–1496. doi:10.1016/j.jvir.2008.
06.008

Frontiers in Bioengineering and Biotechnology frontiersin.org09

Junxiao et al. 10.3389/fbioe.2022.1112500

https://doi.org/10.1007/s00270-008-9336-2
https://doi.org/10.1007/s00270-008-9336-2
https://doi.org/10.1007/s00595-020-01992-x
https://doi.org/10.1007/s00595-020-01992-x
https://doi.org/10.1016/j.surg.2019.06.005
https://doi.org/10.1016/j.surg.2019.06.005
https://doi.org/10.1111/j.1477-2574.2009.00071.x
https://doi.org/10.1111/j.1477-2574.2009.00071.x
https://doi.org/10.1007/s00330-016-4208-7
https://doi.org/10.1111/liv.14538
https://doi.org/10.1002/hep.31642
https://doi.org/10.1158/1078-0432.CCR-20-1310
https://doi.org/10.1007/s00268-009-9970-0
https://doi.org/10.21037/hbsn.2017.01.02
https://doi.org/10.1159/000335164
https://doi.org/10.1159/000335164
https://doi.org/10.1155/2022/9680933
https://doi.org/10.1002/cncr.23787
https://doi.org/10.2169/internalmedicine.54.3540
https://doi.org/10.2169/internalmedicine.54.3540
https://doi.org/10.1016/S1470-2045(21)00027-9
https://doi.org/10.1016/j.jvir.2008.06.008
https://doi.org/10.1016/j.jvir.2008.06.008
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://doi.org/10.3389/fbioe.2022.1112500


Lencioni, R. (2013). New data supporting modified RECIST (mRECIST) for
Hepatocellular Carcinoma. Clin. Cancer Res. 19, 1312–1314. doi:10.1158/1078-0432.
CCR-12-3796

Luo, J., Zheng, J., Shi, C., Fang, J., Peng, Z., Huang, J., et al. (2020). Drug-eluting beads
transarterial chemoembolization by CalliSpheres is effective and well tolerated in treating
intrahepatic cholangiocarcinoma patients: A preliminary result from ctilc study.Medicine
99, e19276. doi:10.1097/md.0000000000019276

Marquardt, S., Kirstein, M. M., Brüning, R., Zeile, M., Ferrucci, P. F., Prevoo, W., et al.
(2019). Percutaneous hepatic perfusion (chemosaturation) with melphalan in patients
with intrahepatic cholangiocarcinoma: European multicentre study on safety, short-term
effects and survival. Eur. Radiol. 29, 1882–1892. doi:10.1007/s00330-018-5729-z

Martin, R. C. G., Simo, K. A., Hansen, P., Rocha, F., Philips, P., McMasters, K. M., et al.
(2022). Drug-eluting bead, irinotecan therapy of unresectable intrahepatic
cholangiocarcinoma (DELTIC) with concomitant systemic gemcitabine and cisplatin.
Ann. Surg. Oncol. 29, 5462–5473. doi:10.1245/s10434-022-11932-3

Massani, M., Bonariol, L., and Stecca, T. (2021). Hepatic arterial infusion chemotherapy
for unresectable intrahepatic cholangiocarcinoma, a comprehensive review. J. Clin. Med.
10, 2552. doi:10.3390/jcm10122552

Meadows, V., and Francis, H. (2021). Doublecortin-like kinase protein 1 in
cholangiocarcinoma: Is this the biomarker and target we have been looking for?
Hepatology 73, 4–6. doi:10.1002/hep.31630

Padia, S., Shivaram, G., Bastawrous, S., Bhargava, P., Vo, N., Vaidya, S., et al. (2013).
Safety and efficacy of drug-eluting bead chemoembolization for hepatocellular carcinoma:
Comparison of small-versus medium-size particles. J. Vasc. Interv. Radio. 24, 301–306.
doi:10.1016/j.jvir.2012.11.023

Pillai, K., McKeever, P., Knutsen, C., Terrio, P., Prieskorn, D., and Ensminger, W.
(1991). Microscopic analysis of arterial microsphere distribution in rabbit liver and hepatic
VX2 tumor. Sel. Cancer Ther. 7, 39–48. doi:10.1089/sct.1991.7.39

Poggi, G., Quaretti, P., Minoia, C., Bernardo, G., Bonora, M., Gaggeri, R., et al. (2008).
Transhepatic arterial chemoembolization with oxaliplatin-eluting microspheres (OEM-
TACE) for unresectable hepatic tumors. Anticancer Res. 28, 3835–3842.

Qiu, P., Huang, M., Wu, S., Wen, M., Yu, N., and Chen, Z. (2022). Dynamic effects of
endo-exogenous stimulations on enzyme-activatable polymeric nanosystems with photo-
sono-chemo synergy. ACS Appl. Mater Interfaces 14, 29537–29549. doi:10.1021/acsami.
2c05276

Razumilava, N., and Gores, G. J. (2014). Cholangiocarcinoma. Lancet 383, 2168–2179.
doi:10.1016/S0140-6736(13)61903-0

Savic, L. J., Chapiro, J., and Geschwind, J.-F. H. (2017). Intra-arterial embolotherapy for
intrahepatic cholangiocarcinoma: Update and future prospects. Hepatobiliary Surg. Nutr.
6, 7–21. doi:10.21037/hbsn.2016.11.02

Schicho, A., Pereira, P. L., Pützler, M., Michalik, K., Albrecht, T., Nolte-Ernsting, C.,
et al. (2017). Degradable starch microspheres transcatheter arterial chemoembolization
(DSM-TACE) in intrahepatic cholangiocellular carcinoma (ICC): Results from a national
multi-center study on safety and efficacy. Med. Sci. Monit. 23, 796–800. doi:10.12659/
msm.902901

Sohal, D., Mykulowycz, K., Uehara, T., Teitelbaum, U., Damjanov, N., Giantonio, B.,
et al. (2013). A phase II trial of gemcitabine, irinotecan and panitumumab in advanced
cholangiocarcinoma. Ann. Oncol. 24, 3061–3065. doi:10.1093/annonc/mdt416

Tan, E., Cao, B., Kim, J., Al-Toubah, T., Mehta, R., Centeno, B., et al. (2021). Phase
2 study of copanlisib in combination with gemcitabine and cisplatin in advanced biliary
tract cancers. Cancer 127, 1293–1300. doi:10.1002/cncr.33364

Tsilimigras, D. I., Sahara, K., Wu, L., Moris, D., Bagante, F., Guglielmi, A., et al. (2020).
Very early recurrence after liver resection for intrahepatic cholangiocarcinoma:
Considering alternative treatment approaches. Jama Surg. 155, 823–831. doi:10.1001/
jamasurg.2020.1973

Tsujino, T., Takahara, K., Matsunaga, T., Yoshikawa, Y., Takai, T., Uchimoto, T., et al.
(2017). Remarkable response to fluorouracil, leucovorin, oxaliplatin, and irinotecan
therapy in urothelial cancer of the renal pelvis: A case report. J. Med. Case Rep. 11,
99. doi:10.1186/s13256-017-1263-x

Venturini, M., Sallemi, C., Agostini, G., Marra, P., Cereda, S., Reni, M., et al. (2016).
Chemoembolization with drug eluting beads preloaded with irinotecan (DEBIRI) vs
doxorubicin (DEBDOX) as a second line treatment for liver metastases from
cholangiocarcinoma: A preliminary study. Br. J. Radiol. 89, 20160247. doi:10.1259/bjr.
20160247

Yamamoto, A., Imai, S., Kobatake, M., Yamashita, T., Tamada, T., and Umetani, K.
(2006). Evaluation of tris-acryl gelatin microsphere embolization with monochromatic X
rays: Comparison with polyvinyl alcohol particles. J. Vasc. Interv. Radio. 17, 1797–1802.
doi:10.1097/01.RVI.0000243614.87529.b0

Yang, X.-G., Sun, Y.-Y., Li, D.-S., Xu, G.-H., and Huang, X.-Q. (2022). Efficacy and safety
of drug-eluting beads transarterial chemoembolization combining immune checkpoint
inhibitors in unresectable intrahepatic cholangiocarcinoma: A propensity score matching
analysis. Front. Immunol. 13, 940009. doi:10.3389/fimmu.2022.940009

Yu, N., Qiu, P., Ren, Q.,Wen, M., Geng, P., Macharia, D. K., et al. (2021). Transforming a
sword into a knife: Persistent phototoxicity inhibition and alternative therapeutical
activation of highly-photosensitive phytochlorin. AC Nano 15, 19793–19805. doi:10.
1021/acsnano.1c07241

Zhang, S., Huang, C., Li, Z., Yang, Y., Bao, T., Chen, H., et al. (2017). Comparison of
pharmacokinetics and drug release in tissues after transarterial chemoembolization with
doxorubicin using diverse lipiodol emulsions and CalliSpheres Beads in rabbit livers. Drug
Deliv. 24, 1011–1017. doi:10.1080/10717544.2017.1344336

Zhen, L., Jiali, C., Yong, F., Han, X., Hongming, P., andWeidong, H. (2018). The efficacy
and safety of apatinib treatment for patients with unresectable or relapsed liver cancer: A
retrospective study. J. Cancer 9, 2773–2777. doi:10.7150/jca.26376

Zhou, J., Sun, H., Wang, Z., Cong, W., Wang, J., Zeng, M., et al. (2018). Guidelines for
diagnosis and treatment of primary liver cancer in China (2017 edition). Liver Cancer 7,
235–260. doi:10.1159/000488035

Zhou, T.-Y., Zhou, G.-H., Zhang, Y.-L., Nie, C.-H., Zhu, T.-Y., Wang, H.-L., et al. (2020).
Drug-eluting beads transarterial chemoembolization with CalliSpheres microspheres for
treatment of unresectable intrahepatic cholangiocarcinoma. J. Cancer 11, 4534–4541.
doi:10.7150/jca.39410

Frontiers in Bioengineering and Biotechnology frontiersin.org10

Junxiao et al. 10.3389/fbioe.2022.1112500

https://doi.org/10.1158/1078-0432.CCR-12-3796
https://doi.org/10.1158/1078-0432.CCR-12-3796
https://doi.org/10.1097/md.0000000000019276
https://doi.org/10.1007/s00330-018-5729-z
https://doi.org/10.1245/s10434-022-11932-3
https://doi.org/10.3390/jcm10122552
https://doi.org/10.1002/hep.31630
https://doi.org/10.1016/j.jvir.2012.11.023
https://doi.org/10.1089/sct.1991.7.39
https://doi.org/10.1021/acsami.2c05276
https://doi.org/10.1021/acsami.2c05276
https://doi.org/10.1016/S0140-6736(13)61903-0
https://doi.org/10.21037/hbsn.2016.11.02
https://doi.org/10.12659/msm.902901
https://doi.org/10.12659/msm.902901
https://doi.org/10.1093/annonc/mdt416
https://doi.org/10.1002/cncr.33364
https://doi.org/10.1001/jamasurg.2020.1973
https://doi.org/10.1001/jamasurg.2020.1973
https://doi.org/10.1186/s13256-017-1263-x
https://doi.org/10.1259/bjr.20160247
https://doi.org/10.1259/bjr.20160247
https://doi.org/10.1097/01.RVI.0000243614.87529.b0
https://doi.org/10.3389/fimmu.2022.940009
https://doi.org/10.1021/acsnano.1c07241
https://doi.org/10.1021/acsnano.1c07241
https://doi.org/10.1080/10717544.2017.1344336
https://doi.org/10.7150/jca.26376
https://doi.org/10.1159/000488035
https://doi.org/10.7150/jca.39410
https://www.frontiersin.org/journals/bioengineering-and-biotechnology
https://www.frontiersin.org
https://doi.org/10.3389/fbioe.2022.1112500

	DEB-TACE with irinotecan versus C-TACE for unresectable intrahepatic cholangiocarcinoma: a prospective clinical study
	Introduction
	Materials and methods
	Study design
	This trial of sample size calculation
	Patients
	Randomization and grouping
	DEB-TACE procedure and therapy
	C-TACE procedure
	Follow-up assessments (trial endpoints)
	Statistical analysis

	Results
	Patient baseline characteristics
	Tumour response
	Survival and disease progression
	Factors influencing OS of patients with unresectable ICC
	Safety analysis

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


