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Objective: This study aimed to prospectively observe the efficacy and safety of
CalliSpheres drug-eluting beads bronchial arterial chemoembolization (DEB-
BACE) for refractory non-small-cell lung cancer (NSCLC).

Methods: The interventional therapy plan was as follows: 300-500 um CalliSpheres
drug-loaded microspheres were loaded with epirubicin, and then slow embolization
of tumor supplying artery was performed after microcatheter superselection. Chest
enhanced computed tomography and related hematological examination were
reviewed after 2 months of DEB-BACE, and the tumor response after the first
interventional therapy was evaluated using modified response evaluation criteria in
solid tumors. The overall survival (OS) of patients was determined, and the quality of life
and the incidence rate of adverse reactions were observed.

Results: From January 2019 to January 2021, 43 patients with refractory NSCLC
were enrolled. The patients were followed up until June 2022. All 43 patients
underwent DEB-BACE 1.79 + 0.69 times on average. The 3-, 6-, 12-, and 24-
month survival rates were 100%, 86.0%, 41.9%, and 11.8%, respectively. The
median OS was 11.5 months. After the first interventional treatment, cough and
wheezing significantly improved in 31 patients, hemoptysis was effectively
controlled in 12 patients, and superior vena cava compression disappeared in 2
patients after 2 times of treatment. The general health status of the patients after
treatment significantly improved compared with that before treatment, including
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the improvement in physical and emotional functions. Fatigue, nausea and
vomiting, dyspnea, and insomnia improved significantly after treatment. No
serious adverse events, such as spinal cord injury and cerebral embolism, were
observed during the perioperative period. The main adverse reaction after DEB-
BACE was chest pain (13/43, grade 1) followed by fever (10/43, grade 1-2), which
was significantly relieved within 3-5 days after symptomatic treatment. Other
adverse reactions included irritating cough, nausea and vomiting, and bone
marrow suppression, and the incidence was less than 20%.

Conclusions: DEB-BACE was effective and safe in treating refractory NSCLC,
which could significantly improve patients’ quality of life and was worthy of
clinical promotion and application.

KEYWORDS

non-small cell lung cancer, drug-loaded microspheres, bronchial artery chemoembolization

(BACE), refractory, drug-eluting beads

Introduction

Lung cancer that cannot be effectively controlled after receiving
surgery, radiotherapy, chemotherapy, targeted therapy, and other
treatments is clinically called refractory lung cancer (1). No effective
methods are available at present for treating patients with refractory
lung cancer. The available treatment method is mainly symptomatic
supportive treatment, or providing palliative antitumor therapy
when recurrence or metastasis produces obvious clinical
symptoms, so as to alleviate the pain in patients and improve the
quality of life (2, 3). Bronchial artery chemoembolization (BACE) is
one of the local treatment methods for patients with refractory lung
cancer (4-6). The effective rate of BACE in treating lung cancer has
been gradually improved with the development and application of
embolization materials. However, traditional embolization
materials, including iodized oil, gelatin sponge particles, and
polyvinyl alcohol particles, have two major defects, such as
incomplete embolization and a high complication rate. As a new
embolization material, drug-loaded microspheres have the dual
functions of vascular embolization and local sustained release of
chemotherapy drugs, and have achieved good clinical effects in
treating lung cancer using BACE (7, 8). This study prospectively
observed the efficacy and safety of CalliSpheres drug-eluting beads
(DEB) combined with BACE (DEB-BACE) in treating refractory
non-small-cell lung cancer (NSCLC).

Materials and methods
Case selection

Case screening criteria: ® Patients pathologically diagnosed with
NSCLC; @ patients with stage III and stage IV tumors (distant

metastases controllable) and failure in the previous radiotherapy,
chemotherapy, targeting, and immune treatment. @ patients with
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palliative therapy: including hemostasis (hemoptysis) and relief of
compression symptoms (such as superior vena cava obstruction
syndrome and esophageal pressure feeding difficulty); @ patients
with barrierless liver, kidney, and cardiopulmonary functions before
treatment and patients without contraindications for interventional
therapy; ® patients with PS score <2; ® patients whose expected
survival time was more than 3 months; and @ patients who signed
informed consent before treatment.

DEB-BACE

The modified Seldinger technique was used to puncture the right
femoral artery under local anesthesia, and the 5F Double ] tube was
introduced into thoracic aortography via the 5F vascular sheath to
obtain the image of the thoracic aorta, and then the 5F Cobra, MIK,
and other catheters were used for bronchial arteriography. If
necessary, the angiography of the intercostal artery, internal
thoracic artery, thyroid carotid branch artery, diaphragmatic artery,
left gastric artery, and others was performed to examine the blood
supply to the tumor. The 2.6F microcatheter was additionally
targeted toward the arterial blood supply of the tumor. The
CalliSpheres drug-loaded microspheres were loaded with epirubicin
40-60 mg and mixed with epirubicin at room temperature, shaken
once every 5 min, and loaded for 30 min. Then, it was mixed with
nonionic contrast agent iodoxanol injection in a ratio of 1:1. The
aforementioned mixture (extracted with a 1-mL syringe at a rate of
0.5-1 mL/min) was slowly injected into the tumor blood-supplying
artery under digital subtraction angiography fluoroscopy.
Angiography was then performed to determine the degree of
vascular thrombosis. Angiographic endpoints included significant
or near-stasis of blood flow in embolized vessels or absence of
substantial tumor staining. Conventional symptomatic treatment
was given after treatment, and adverse reactions and complications
were observed during and after treatment.
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Efficacy evaluation

Chest enhanced computed tomography (CT) was performed 2
months after the first intervention to observe lesion necrosis and
enhancement, including intrapulmonary lesions and mediastinal
lymph nodes. Patients returned to the hospital every 2 months for
chest enhanced CT examination. The efficacy of interventional therapy
was evaluated using modified response evaluation criteria in solid
tumors (mRECIST). The tumor progression was observed, and then
the interventional effect was comprehensively evaluated to determine
whether to receive interventional therapy again. The survival rate and
overall survival (OS) after interventional therapy were observed and
summarized. Patients who refused interventional therapy or
underwent other comprehensive treatment were provided continued
clinical follow-up observation, and the follow-up cutoff standard was
death or end of follow-up.

Evaluation of quality of life and observation
of adverse reactions

The European Organization for Research and Treatment of
Cancer (EORTC) Quality of Life Core Questionnaire (QLQ-C30
version 3.0) was used for evaluation. EORTC QLQ-C30 had a total
of 30 items, including five functional subscales: somatic function,
role function, cognitive function, emotional function, and social
function; three symptom subscales: fatigue, pain, and nausea and
vomiting; one overall quality-of-life subscale; and six individual
items: dyspnea, insomnia, loss of appetite, constipation, diarrhea,
and economic impact. As the scores for functional and overall
quality subscales increase and improve, the scores for symptom
subscale and individual items decrease and worsen. The adverse
reaction was determined following the National Cancer Institute
Common Terminology Criteria for Adverse Events version 3.0.

Statistical analysis

The SPSS Statistics 20.0 software was used for statistical analysis.
The count data were presented by example, and the normal
distribution measurement data were presented as mean + standard
deviation. The non-normal distribution data were expressed as median
(first quartile, third quartile) [M(QL-QU)], and the rank-sum test was
used for comparison before and after treatment. A P value <0.05
indicated a statistically significant difference. The Kaplan-Meier
method was used to calculate the OS and draw the survival curve.

Results
Patient information

Forty-three patients with NSCLC (31 men and 12 women, with an
age range of 43-77 years and an average age of 51.28 + 12.56 years)

were enrolled from January 2019 to January 2021 in four tumor
treatment centers: Affiliated Zhongshan Hospital of Dalian
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University, the Second Hospital of Dalian Medical University, the
First Hospital of Dalian Medical University, and Linyi Cancer
Hospital, for DEB-BACE. All patients had previously failed multiple
treatments such as chemoradiotherapy and molecularly targeted
therapy, and nine patients with distant metastases were treated with
local interventional therapy combined with other treatment methods.
The number of interventional treatments for 43 patients was 1-4 times,
with an average of 1.79 + 0.69 times (Table 1).

Tumor response after interventional
therapy

Chest enhanced CT examination 2 months after the first
interventional therapy showed significant low density necrosis
changes with a relatively uniform distribution on tumors; necrotic
cavities were observed in some cases. The tumor response after the
interventional therapy was evaluated using mRECIST, and the ORR
and DCR were 88.37% and 95.35%, respectively, 2 months after
interventional therapy (Table 2 and Figures 1-3).

OS and survival curve

The follow-up time was 3.5-31 months by June 2022, with an
average of 12.91 * 6.84 months. The 3-, 6-, 12-, and 24-month
survival rates were 100%, 86.0%, 41.9%, and 11.8%, respectively,
and the median OS was 11.5 months (95% confidence interval:
9.66-13.34) (Figure 4).

Quality of life and adverse reactions

Thirty-one patients had cough and asthma after the first
interventional therapy, which were significantly improved after
treatment; 12 patients had hemoptysis, and the symptoms of
hemoptysis were effectively controlled; and two patients had superior
vena cava compression, and the compression symptom disappeared
after two treatments. General health 2 months after the first
interventional therapy significantly improved from baseline,
including improvements in physical and emotional functions.
Furthermore, fatigue, nausea and vomiting, dyspnea, and insomnia
significantly improved after DEB-BACE (P < 0.05) (Table 3). The
adverse reactions after DEB-BACE treatment mainly included chest
pain (13/43, grade 1), followed by fever (10/43, grade 1-2), which was
significantly relieved within 3-5 days after symptomatic treatment.
Other adverse reactions included irritating cough, nausea and
vomiting, and bone marrow suppression, and the incidence rate was
not more than 20%. No serious complications such as spinal cord
injury and ectopic cerebral embolism were observed.

Discussion

Lung cancer is the leading cause of death from malignant
tumors worldwide (9). NSCLC is the most common pathological
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TABLE 1 Clinical features of 43 patients with refractory non-small cell
lung cancer.

Clinical features Value

Average age (year) 51.28 + 12.56
Gender (n)

Male 31

Female 12
Location of tumor (n)

Central bronchogenic carcinoma 24

Peripheral lung carcinoma 19
Pathological type (n)

Squamous carcinoma 36

Adenocarcinoma 7

Tumor diameter (cm) 417 +1.35
Tumor staging (n)

Stage III 33

Stage IV 10
Previous chemotherapy

First-line chemotherapy 6

Second-line chemotherapy 17

Third-or later-line chemotherapy 20
Other previous treatment

Radiotherapy 35

Targeted therapy 21

Number of interventional treatments 1.79 + 0.69

tissue type, which accounts for about 80% of all types of lung
cancers (10). The 5-year survival rate after surgical resection of lung
cancer in the early stage is about 29%-77%. About 80% of patients
have been found in the middle and advanced stages due to the lack
of specificity of early lung cancer, losing the opportunity for radical
surgical resection (11). Chemotherapy and radiotherapy are the
traditional nonsurgical treatments for lung cancer, and the 5-year
survival rate after combination therapy is still lower than 15% (12).
Molecular targeted therapy for advanced lung cancer under the
guidance of driver genes has developed rapidly. Common NSCLC
driver genes, such as epidermal growth factor receptor, anaplastic
lymphoma kinase, and c-ros oncogene 1-receptor tyrosine kinase,
are corresponding molecular targeted drugs, which can significantly
prolong the disease control time and OS in patients with lung
cancer (13, 14). However, gene mutations and drug resistance make

10.3389/fonc.2023.1110917

it impossible for targeted therapy to benefit patients in the long
term, which becomes a fatal defect of targeted therapy. As a new
hope for the treatment of lung cancer, immunotherapy has a benefit
rate of only 15%-20% in all patients, of which 9%-29% of patients
have superprogression (15). Clinically, some patients cannot benefit
from the aforementioned comprehensive treatment of refractory
lung cancer. Patients with refractory lung cancer have a short OS
and poor quality of life.

BACE is a local treatment for advanced lung cancer, and iodized
oil was commonly used as an embolic agent in the past. However,
iodized oil has a small diameter and is prone to ectopic embolism,
further causing severe complications such as spinal cord injury and
cerebral embolism; it also has the disadvantage of incomplete tumor
embolization (16). Gelatin sponge particle is one of the commonly
used microparticle embolization agents at present; its good scalability
and excellent delivery capacity significantly improve the fusion with
the target blood vessels, and the embolization is more complete.
Furthermore, due to its biodegradability, blood flow can be
efficiently restored with a high degree of safety within a short time,
but this may necessitate multiple interventional therapy (17, 18). DEB-
BACE is a new interventional therapy mode for lung cancer, in which
drug-loaded microspheres can permanently embolize tumor blood
vessels and slowly release antitumor drugs into the tumor, thus
achieving the purpose of shrinking the tumor and controlling the
development of the tumor (19) so as to better reduce clinical
symptoms and improve the quality of life (20). CalliSpheres
microspheres are self-developed drug-loaded microspheres, which
have been clinically applied in a variety of solid tumors, especially
in the treatment of liver cancer. DEB-TACE has shown a better tumor
response rate and lower systemic drug response compared with
traditional TACE in the treatment of liver cancer (21, 22). Besides
treating liver cancer, DEB-TACE has also been reported to be used in
treating other malignant tumors. Bi et al. used drug-loaded
microspheres for treating unresectable or recurrent esophageal
cancer, with a DCR of 85.7% and a median OS of 9.4 months (23).
In a study of the down-stage treatment of cervical cancer, DEB-TACE
showed better efficacy, more favorable tolerability, higher resection
rate, and lower treatment cost than concurrent chemoradiotherapy
(24). More importantly, DEB-BACE has also shown good efficacy and
tolerance in patients with lung cancer (25, 26). However, studies on
DEB-BACE for treating refractory and recurrent lung cancers are
rarely reported. Kennoki reported a case of a patient with refractory
stage 4 NSCLC treated with HepaSphere BACE. The cough symptoms
were significantly relieved after one treatment, the tumor volume was
reduced by 50% after five courses of treatment, and the patient had no
clinical symptoms for up to 9 months after the treatment (27). In a
retrospective study by Hu et al., CalliSpheres BACE was applied in the
treatment of 11 patients with recurrent small cell lung cancer, and the
ORR after the 6th month was 36.4%, DCR was 54.5%, PFS was 5.1
months, and OS was 9.0 months (28). Although the sample size in this

TABLE 2 Tumor response after DEB-BACE in 43 patients with refractory non-small cell lung cancer.

After surgery N CR PR

2 months 43 ‘ 8 30

Frontiers in Oncology

SD PD ORR (%) DCR (%)

88.37 95.35
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FIGURE 1

CT image of typical case. (A) Chest enhanced CT showed a mass shadow in the inferior lobe of left lung, about 5.8cmx6.7cm in size, with significant
peripheral enhancement. (B) Chest enhanced CT examination at 1 month after DEB-BACE showed obvious necrosis of tumor lesion in the left lower
lobe of lung, cavity formation in the lesion, reduced lesion area and no obvious enhancement. (C) Chest CT examination at 6 month after DEB-
BACE showed obvious necrosis of tumor necrotic cavities in the linferior lobe of left lung was slightly larger than before, and the lesion area was

further reduced.

FIGURE 2

The loading process of epirubicin in CalliSpheres drug-loaded microspheres.

study was small and the stage of enrolled patients was inconsistent,
this report further revealed the feasibility of CalliSpheres drug-loaded
microspheres in treating recurrent and refractory lung cancers.

In this study, we used a prospective design. The CalliSpheres drug-
loaded microspheres were loaded with chemotherapy drug epirubicin
for BACE for treating refractory NSCLC, and the ORR and DCR were
88.37% and 95.35%, respectively, 2 months after BACE. We believed
that it was mainly related to the significant postoperative necrosis of
the tumor. In this study, re-examination 2 months after DEB-BACE
showed that the lung tumors had significant low-density necrosis
changes with uniform distribution, and some tumors had honeycomb
changes. It is suggested that the microspheres of this specification can

Frontiers in Oncology

achieve effective embolization of bronchial tumor bearing arteries;
their good drug-loading characteristics also play a certain role in
tumor necrosis. Drug-loaded microspheres interact with
chemotherapeutic drugs and show enhanced effect. The 2-year
follow-up survival rate of the patients in this study was 11.8% and
the median OS was 11.5 months, which were significantly better than
those in other studies (29, 30).

The selection of embolization material diameter in BACE is
extremely important for improving curative effect and reducing
embolization complications. It was previously thought that the
inner diameter of BACE embolization material should be >500
um to avoid damage to the esophagus and spinal arteries (31). An
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FIGURE 3

Process of DEB-BACE. (A) Superselective angiography shows hyperplasia and distortion of tumor vessels and flaky tumor staining in the left lower
lung region. (B) Angiography after DEB-BACE shows the presence of main and branches of the left bronchial artery, and the tumor vessels and
tumor staining basically disappeared.

FIGURE 4

Accumulating 0S (%)
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0 100

Survival curve of 43 patients with refractory NSCLC.
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200
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TABLE 3 Quality of life score [M(QL-QU)] of 43 patients before and after DEB-BACE.

ltem Before DEB-BACE 1 month after DEB-BACE F value P value
Physical function 81.3 (51.9- 86.1) 85.1 (85.0- 91.6) 3.253 0.016
Role function 66.5 (67.4- 98.2) 90.0 (65.5- 100) 0.801 0.165
Cognitive function 83.7 (67.1- 100) 90.1 (67.3- 100) 2.014 0.090
Emotional function 84.3 (67.7- 100) 94.2 (82.3- 100) 2517 0.020
Social function 65.5 (65.3- 100) 100 (83.5- 100) 0.292 0.369
General health 57.8 (51.2- 66.8) 66.6 (66.6- 82.9) 3.124 0.017
Fatigue 45.1 (34.0- 56.0) 12.9 (11.9- 34.2) 4.675 0.008
Pain 17.0 (0- 17.5) 0 (0- 17.5) 2.091 0.087
Nausea and vomiting 0 (0- 16.5) 0 (0 -0) 2.283 0.023
Dyspnea 33.3 (33.3- 66.7) 0 (0- 33.3) 7.021 0.007
Insomnia 37.3 (0- 67.0) 0 (0- 37.3) 2.517 0.020
Anorexia 36.5 (0- 66.5) 35.3 (0- 35.3) 0.679 0.205
Constipation 0 (0- 16.7) 0 (0 -0) 0.311 0.300
Diarrhea 0 (0- 16.7) 0 (0 -0) 0.171 0.900
Economic effect 0 (0- 33.3) 0 (0- 16.7) 0.805 0.164
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anatomical study suggested that the anastomotic diameter of the
bronchial artery and pulmonary artery could be up to 325 um. Also,
small-diameter particles could enter the systemic circulation via
pulmonary capillaries under certain pressure, leading to ectopic
embolism and other serious complications (32). However, when the
tumor blood-supplying vessel is embolized by the oversized
embolization material, only proximal embolization can be
achieved, and the establishment of collateral circulation greatly
reduces the curative effect. According to the principle of particle
distribution, the smaller the diameter of the particle, the easier it is
to deposit in peripheral blood vessels, and the better the effect in
tumor treatment. Smaller drug-loaded microspheres can deposit
further in the tumor, better load sustained-release drugs, and
effectively reduce the risk of embolization in non-target areas
(33). However, with the development of interventional medicine,
especially the application of microcatheter superselective bronchial
artery technology, the aforementioned intervention can effectively
avoid non-target vessels such as the spinal artery and esophageal
terminal branch. Hence, more choices may be available for selecting
inner-diameter embolization materials. In this study, patients were
superselected to the proximal tumor by microcatheter
superselection technology during BACE, and microspheres with a
diameter of 300-500 pm were selected. When a suspicious spinal
artery was found by angiography, microcatheter superselection was
applied to 2 cm above the spinal artery opening for BACE
treatment. The whole CalliSpheres BACE process was closely
observed and carried out under fluoroscopy, strictly following the
key points of the drug-loaded microsphere embolization technique.
In this study, no severe complications such as ectopic embolization
occurred in patients, and it was safe to use CalliSpheres microsphere
embolization with the inner diameter of 300-500 pwm for treating
patients with refractory NSCLC, which was also consistent with the
particle diameter selected in previous studies (34). The main
postoperative adverse reactions were chest pain and fever. The
adverse reactions were of grades 1-2, and no grade 3 or 4 adverse
reactions occurred, which were considered to be related to tumor
swelling and necrosis after embolization. Further, the adverse
reactions improved shortly after medical treatment.

This study had some shortcomings. First, the sample size was
small. Second, the retrospective data analysis had certain
limitations, such as the shortage of standardized data, causing
some bias. Further prospective and controlled clinical studies with
large sample size should be conducted to verify the findings of this
study so as to further confirm the efficacy and safety of CalliSpheres
DEB-BACE. Moreover, the mechanism underlying the good efficacy
of this treatment method needs further exploration (35). In
conclusion, DEB-BACE was safe and effective as a local treatment
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