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Abstract
Purpose:This pilot study was designed to assess the technical feasibility and safety of bronchial artery chemoembolization

with radiopaque doxorubicin eluting beads (DEB-BACE) in patients with malignant hemoptysis from pulmonary metastasis.

Materials & Methods: Four patients underwent DEB-BACE using 70-150 μm radiopaque DEB (LC Beads LUMI, Boston

Scientific). Beads delivery and deposition were assessed under fluoroscopy and cone beam computed tomography (CT), respectively.

Results: All 4 procedures were technically successful. Beads delivery and deposition were successfully visualized under fluoroscopy

and cone beam CT guidance in all cases. Hemoptysis was resolved after embolization in all 4 patients. There were no adverse events

or immediate or early complications after DEB-BACE. Two patients (50%) required repeat DEB-BACE within 1 week due to recurrent

hemoptysis, and 1 patient had DEB-BACE 1.5 years later due to recurrent hemoptysis from the contralateral lung. All targeted lesions

decreased in size in follow-up studies (mean 16 months, range 1-33 months). One patient died of progressive cancer disease invading the

heart 1 month after DEB-BACE. Conclusions: DEB-BACE using radiopaque LC Beads LUMI loaded with doxorubicin is technically

feasible and safe for controlling hemoptysis and cancer progression in patients with metastatic lung tumors. Visualization of beads delivery

under fluoroscopy and deposition of beads under cone beam CT facilitate delivery of beads and embolization of bronchial arteries.
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Introduction
Lung-directed therapies, such as bronchial arterial chemoembo-
lization (BACE), are gaining attention and popularity as a treat-
ment option for patients with primary or metastatic lung cancers
who do not qualify for standard treatments.1–3 The lungs and
supporting structures are supplied by 2 main blood resources,
bronchial and pulmonary arteries. The bronchial arteries are
heavily recruited by primary and metastatic tumors to provide
additional blood supply for the tumoral cells.4,5 Due to the arte-
rial nature of bronchial arterial supply, angiogenic growth
factors such as vascular endothelial growth factors are
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postulated to promote collateral supply and neovascularity,
causing proliferation and expansion of these arteries.5 This
can offer a particular benefit in patients with advanced
primary or metastatic lung cancers presenting with hemopty-
sis.6 Traditionally, embolic beads are utilized to control bleed-
ing in patients presenting with hemoptysis.7 BACE with
radiopaque doxorubicin eluting beads (DEB-BACE) could
not only embolize the tumor-feeding artery and control hemop-
tysis, but also act as a vehicle for slow-release delivery of anti-
neoplastic drugs to tumors and the local environment.8

LC Beads LUMI (Boston Scientific) offer radiopacity which
makes them traceable.9 No study has yet reported the applica-
tion of radiopaque LC Beads LUMI in patients with metastatic
lung lesions. This small pilot study aimed to evaluate the tech-
nical feasibility and safety of DEB-BACE using radiopaque
drug-eluting beads loaded with doxorubicin for the treatment
of metastatic lung lesions presenting with hemoptysis.

Materials and Methods

Study Design and Population
This was a Health Insurance Portability and Accountability
Act-compliant retrospective analysis of 4 patients with metastatic
lung lesions who presented with massive hemoptysis (>300 mL
in 24 h) to the Johns Hopkins Hospital from February 2017 to
April 2020. This small pilot study relied on institutional innova-
tion technical consent; therefore, Institutional Review Board
(IRB) approval was waived by the Johns Hopkins School of
Medicine’s IRB committee (Baltimore, Maryland, USA). All
patients had lung metastases presenting with active hemoptysis
and were referred to interventional radiology for BAE. After a
multidisciplinary discussion with pulmonology, oncology, and
thoracic surgery, the decision was made to pursue DEB-BACE
with DEB to address hemoptysis and provide palliative therapy.

Bronchial Artery Angiography Technique
Ultrasound-guided right common femoral artery access was
obtained using a micropuncture set, then exchanged to a 5
French vascular sheath. The bronchial arteries, depending on
the anatomy, were selected using a 5 French Mikaelson,
Cobra 1, or glide Simmons 1 catheters. A digital subtraction
angiogram was performed for identifying possible bronchial
artery to pulmonary artery/vein shunt. The targeted bronchial
arteries were distally subselected with a Renegade HI-FLO
microcatheter (Boston Scientific) and 0.016 Fathom microwire
(Boston Scientific). A subselective angiogram was performed to
locate the bronchial artery which gave rise to tumor-supplying
arteries in both right and left lungs. Before administering any
particles, selective magnified arteriograms of the bronchial
artery were performed to exclude the presence of spinal arteries
or bronchial artery to pulmonary artery/vein shunt. Multiple
phase cone beam computed tomography (CT) was then per-
formed in noncontrast, arterial, and venous phases. After con-
firming the area of perfusion from this vessel, DEB-BACE

was done by infusing 1 mL of 70-150 μm LC Bead LUMI
(Boston Scientific) loaded with 50 mg of doxorubicin diluted
with 40 mL of Visipaque 320 contrast medium (GE
Healthcare). The median delivered dose with 100% dilution
was 0.40 mL and 1.45 mL with 50% dilution. The embolization
effect was confirmed with spot films and gentle hand contrast
injection, with complete stasis observed in the distal vessels.
The microcatheter was then withdrawn during aspiration to
avoid nontarget embolization.

Preprocedural and Follow-up Imaging
Pretreatment chest CT angiogram (CTA) was routinely per-
formed in all patients presenting with hemoptysis for localiza-
tion of active hemorrhage and to see the disease progression
using a 64 multidetector row CT scanner (Siemens). A chest
CT without intravenous contrast was performed within 24 h
after DEB-BACE to assess bead deposition.

Variables and Definition of Technical and Clinical Success
Parameters
Patients’ demographic data, past medical history, vital signs,
imaging, and laboratory variables were collected. Pre- and postproce-
dural symptoms, stability, and CT angiographic findings were docu-
mented. Patient outcomes, including major, immediate, or early
procedure-related complications and bleeding events were recorded.

Technical success was defined as successful catheterization
of bronchial arteries and delivery of the embolic beads loaded
with doxorubicin to a complete stasis. Beads delivery and dep-
osition were assessed under fluoroscopy and cone beam CT,
respectively, by an interventional radiologist with 11 years of
clinical experience. Clinical success was defined as resolution
of hemoptysis.

The target lesion’s response to the DEB-BACE was evalu-
ated using RECIST 1.1.10

Results
Four patients underwent a total of 7 DEB-BACE using
doxorubicin-loaded LC Beads LUMI. The demographic charac-
teristics of the studied patients are presented in Table 1. One
patient had alveolar soft tissue sarcoma, 1 patient had intimal
sarcoma of the right pulmonary artery, 1 patient had metastatic
angiosarcoma, and 1 patient had metastatic hepatocellular car-
cinoma (HCC). Mean patient age was 67.4± 18.6 years; male
to female ratio was 2:2. All patients received pre- and postem-
bolization chest CT showing bilateral metastatic lung lesions.
The target lesion’s response to the DEB-BACE response is
based on tumor response using RECIST 1.1 in Table 1.
Except for 1 target lesion with stable disease, the rest of the
lesions showed partial response to the DEB-BACE.

The mean number of DEB-BACE was 1.5 (range 1-2); 2
patients had repeat bronchial artery angiogram and DEB-BACE
of the contralateral bronchial artery within <1 week due to
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recurrent hemoptysis. Figure 1 shows pre-DEB-BACE, angio-
graphic, and post-DEB-BACE images of a patient with bilateral
metastatic lung lesions originating from HCC. One patient under-
went a repeat DEB-BACE session after 18 months when present-
ing with hemoptysis arising from a new metastasis in the
contralateral lung (Figure 2).

The technical success rate was 100%. Bronchial arteries
were successfully catheterized and DEB-BACE was performed
in all patients. Beads delivery and deposition were successfully
visualized under fluoroscopy and cone beam CT guidance in all
cases. The clinical success rate was also 100%, resulting in res-
olution of hemoptysis. The median follow-up interval was 15
months (range 0.5-24.0). The mean pretreatment size of the 4
target lesions was 4.02± 0.92 cm (range 3.40-5.39). The
mean posttreatment target lesion size on the most recent
follow-up CT scan was 1.99± 0.61 cm (range 1.10-2.41). All
target lesions on follow-up imaging were decreased in size in
three patients (mean decrease of 2.02± 1.06 cm, range
0.99-3.31, Table 1). The distribution of radiopaque beads was
heterogeneous in all target lesions on the same or next day
follow-up noncontrast CT. Target lesion distribution was also
assessed in all patients (100%); however, beads were not
evenly distributed inside the target lesion in all cases.

No patients experienced immediate or early complications.
There was no report of adverse events. Only 1 patient died
after 1 month from DEB-BACE due to clinical deterioration
and progression of metastatic disease.

Discussion
This small pilot study demonstrates the technical feasibility of
DEB-BACE using drug-eluting radiopaque beads (LC Beads
LUMI) loaded with doxorubicin in patients with malignant
hemoptysis. Beads delivery and deposition were successfully
visualized under fluoroscopy and cone beam CT guidance in
all cases. Furthermore, DEB-BACE is well-tolerated for imme-
diate control of hemoptysis and favorable for short-term control
of target tumor progression in patients with lung metastasis who
are poor candidates for standard therapy due to medical comor-
bidities or local tumor progression post standard therapies.
Radiopaque feather of the LC Beads LUMI allows us to imme-
diately assess beads deposition and embolization success.
Furthermore, the small size of beads, 70-150 μm, was chosen
since no significant systemic artery to pulmonary artery shunt
is noticed on selective bronchial artery angiogram.

BAE is considered a first-line treatment for most massive
hemoptysis patients suffering from diffuse interstitial lung
disease or chronic granulomatous disease and less commonly for
aneurysms, arteriovenous fistulae, and neoplasms ranging from
small benign endobronchial lesions to large malignant tumors.11

BAE is not only minimally invasive in actively bleeding patients
with poor underlying pulmonary function, but also often preserves
pulmonary function compared to surgical resection.11

While bland BAE is routinely used to address symptoms of
malignant hemoptysis, DEB-BACE with doxorubicin-loaded
beads is utilized in this study to both address active hemorrhageT
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Figure 1. An 80-year-old male with hepatocellular carcinoma and metastatic lung lesions. (A) Axial chest CTA shows two large lesions in the
bilateral lower lobes. (B) Coronal view of right lower lobe lesion. (C) DSA of the right bronchial artery shows significant tumor blush in the right
lower lobe lesion. (D) Axial same-day noncontrast CT shows deposition of the radiopaque beads within the tumor post-DEB-BACE. (E, F) Axial
and coronal chest CTA after 1 month shows an interval decrease in size of the metastatic lesion. (G, H) Axial and coronal chest after 5 months
shows interval decrease in size of the tumor. (I, J) Axial and coronal chest CTA after 23 months shows a persistent interval decrease in the size of
the metastatic lesion.
Abbreviations: CT, computed tomography; CTA, CT angiogram; DSA, digital subtraction angiogram; DEB-BACE, bronchial artery chemoembolization with
radiopaque doxorubicin eluting beads.

4 Technology in Cancer Research & Treatment



and locally deliver chemotherapy to pulmonary metastases.
Only a few case series or small sample size studies have shown
the feasibility of DEB-BACE using different types of beads
loaded with various antineoplastic agents in patients with
primary or metastatic lung cancer.2,3,8 DEB-BACE can selectively
deliver chemotherapy to the tumor, increase drug concentration
locally, improve curative effect via the “first-pass effect,” and
decrease adverse reactions of systemic chemotherapy.9

A retrospective study of DEB-BACE using superabsorbent
polymer microspheres in unresectable pulmonary metastases
from renal cell carcinoma showed objective response rates of
38.8%, 44.9%, and 38.8%, after 1, 3, and 6 months, respec-
tively.2 Another retrospective study of DEB-BACE using an
infusion of superabsorbent polymer microspheres in patients
with unresectable pulmonary or mediastinal breast cancer
metastases showed a response rate and 5-year survival rate of
28.6% and 49.5%, respectively.3 Although, conventional trans-
arterial chemoembolization (cTACE) with lipiodol may be
associated with a reduced local antitumor drug concentration
and increased systemic toxicity as chemotherapy may not
reside long in the tumor tissues,12 but the most recent phase I
clinical trial of bronchial artery cTACE for unresectable meta-
static lung disease showed successful result for the treatment
of lung, mediastinal, and endobronchial metastases, with no
severe adverse events.13 In another retrospective study, BAE
was shown effective and safe option for the treatment of hemop-
tysis in patients with pulmonary metastasis from HCC.14 In this

study, verity embolics were utilized including polyvinyl alcohol
(PVA) particles only in 6 patients, gel foam only in 5 patients,
gel foam plus microcoils in 3 patients, PVA plus microcoils in
1 patient, embospheres, lipiodol plus PVA and gel foam,
histoacryl with microballoon protection each in 1 patient.
Retrospective analysis of 14 patients demonstrated that transar-
terial treatment with HepaSphere is a safe and effective treat-
ment for patients with pulmonary or mediastinal metastases
from HCC.15 Most recently, CalliSpheres® beads (Jiangsu
Hengrui Medicine Co. Ltd) loaded with gemcitabine showed
promising results in patients with nonsmall cell lung cancer
(NSCLC).8

The role of DEB-BACE in prolonging progression-free or
overall survival (OS) still remains controversial. DEB-BACE
using CalliSphere in patients with small lungs resulted in
median progression-free survival (PFS) and OS of 8.0 and
16.5 months, respectively. Additionally, the 6- and 12-month
PFS rates after DEB-BACE with CalliSphere were 66.7% and
16.7%, and the 6- and 12-month OS rates were 100.0% and
66.7%, respectively.8 Studies have shown that adding other
therapeutic options such as transarterial infusion, targeted
therapy, and thermal ablation to DEB-BACE may improve
the effect of BACE.16 Combining DEB-BACE with radioactive
iodine-125 seed implantation in patients with stage III-IV
NSCLC yielded higher local control and effective rate and
longer PFS and OS time compared to BAE alone.17 Also com-
bining DEB-BACE with radiofrequency improves the outcome

Figure 2. A 29-year-old female with metastatic alveolar sarcoma with cystic fibrosis. She presented with hemoptysis at 2 different timelines; first,
her left lesion was embolized, then she presented with hemoptysis 18 months later, revealing a right-lung lesion. (A, B) Axial and coronal chest
CTA demonstrates multiple metastatic lung lesions, with the largest lesion in the left lung at the time of presentation. (C) DSA of the left bronchial
artery reveals a tumor blush in the left lung lesion. (D) Same-day noncontrast chest CT shows proper deposition of radiopaque beads in the left
lung lesion. (E, F) Axial and coronal 15 months follow-up chest CTA show a significant decrease in the size of the left lung lesion. (G, H) Axial
and coronal chest CTA demonstrates multiple metastatic lung lesions, now with the largest lesion in the right lung. (I) DSA of the right bronchial
artery reveals a tumor blush in the right lung lesion. (J) Immediate in-room cone beam CT details the radiopaque beads in the right lung lesion. (K, L)
Axial and coronal chest CTA after 4 months shows a significant decrease in the size of the right lung lesion.
Abbreviations: CT, computed tomography; CTA, CT angiogram; DSA, digital subtraction angiogram.
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of the ablation.18 In a small sample size prospective study, the
addition of DEB-BACE (50-100-µm HepaSphere [HepaSphere;
BioSphere Medical] loaded with doxorubicin, irinotecan, or
combination cisplatin and mitomycin-C) to radiofrequency
ablation in patients with unresectable lung cancer resulted in
65% complete response.18 In another retrospective study of
63 patients with NSCLC, combining radiofrequency ablation
and DEB-BACE was associated with a significantly higher
short-term effective rate (93.0%), and 1-, 2-, and 3-year OS
rates of 90.7%, 58.1%, and 20.9%, respectively.19 In general,
larger lesion size and more prior treatments including chemo-
therapy and radiotherapy may predict poor therapeutic response
to DEB-BACE, while more sessions of DEB-BACE may
predict better disease control.8

LC Bead LUMI™ delivery was successfully visualized under
fluoroscopy and deposition in the target area was assured by
cone beam CT in all cases. The core chemistry of LC Bead
LUMI™ used in this pilot study is the same as LC Bead™. This
type of bead is also loaded based on ion exchange between sulfonic
acid groups on the polymer and the positively charged amine
groups of the chemotherapy agents. Doxorubicin elution kinetics
for all bead sizes evaluated were within the parameters already
investigated within the clinic for LC Bead™. The radiopacity of
beads does not affect the drug loading capacity of the beads, and
there is a direct linear correlation between the LC bead LUMI atten-
uation and loaded doxorubicin concentration. The ability to visual-
ize doxorubicin-loaded LC Bead LUMI™ was demonstrated
before by transhepatic delivery in a VX2 tumor-bearing rabbit
model under fluoroscopy, followed by CT imaging.9

DEB-BACE using doxorubicin-loaded LC Beads LUMI was
not associated with serious adverse events, in line with prior
case reports or similar case series. Particles >300 μm are com-
monly used for bronchial artery embolization, since the size of
bronchopulmonary shunts is about 250 μm. However, we safely
utilized the largest size of LC Beads LUMI, 70-150 μm, which
are the only radiopaque beads available on the US market for
brachial artery embolization. Studies have also shown that the
size of LC Beads LUMI changes once loaded with doxorubi-
cin.20 Additionally, hemoptysis in patients with metastatic
lung disease originates from tumor vascularity which is differ-
ent in nature compared to other diseases’ bronchopulmonary
shunts.21

Lack of post-embolization syndrome including fatigue,
nausea and vomiting, dyspnea, and insomnia after DEB-BACE
with LC Beads LUMI is likely related to the lesser systemic
effect.22 Furthermore, prior studies have shown that BAE could
improve performance status, global quality of life, physical func-
tioning, and emotional functioning.3,8 Two of the patients in our
study required repeat DEB-BACE of the contralateral branchial
artery due to recurrent hemoptysis. Recurrent hemoptysis after
BAE has been reported in patients with metastatic lung disease
in prior studies.14 DEB-BACE of bilateral bronchial arteries
could avoid repeat BAE, if a decision was made to perform
BAE for massive hemoptysis in a setting of metastatic lung disease.

Limitations of this pilot study include small sample size and
a lack of longitudinal outcome. A feature study with a larger

population and longer study period is needed to fully assess
the effect of DEB-BACE on PFS and OS in patients with met-
astatic lung disease.

Since neither DEB-BACE nor systematic chemoradiation
therapies reach 100% complete response, new and more efficient
treatment approaches are needed to further improve current treat-
ment outcomes. A combination of different locoregional and sys-
temic therapies has been successfully tried to address cancers in
other organs such liver or kidney, resulting in increased response
rates and OS benefits.23 Further clinical trials could explore
DEB-BACE combined with immunotherapies.

In conclusion, DEB-BACE with doxorubicin using radi-
opaque beads was technically feasible and safe in controlling
hemoptysis in patients with metastatic lung cancer, while allow-
ing immediate assessment of beads delivery, deposition, and
embolization. This small pilot study also demonstrated a prom-
ising response of metastatic lung tumors to DEB-BACE, which
should be validated by a clinical trial.
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