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Lung cancer with intracranial metastasis requires concurrent treatment of the primary lung tumor and the sec-
ondary brain tumor. This study aimed to investigate the short-term clinical efficacy of concurrent bronchial ar-
tery and posterior inferior cerebellar artery microcatheter interventional chemotherapy for the treatment of
adenocarcinoma of the lung with solitary cerebellar metastasis.

Seventeen patients with adenocarcinoma of the lung with solitary cerebellar metastasis received concurrent
microcatheter interventional chemotherapy via the bronchial artery and posterior inferior cerebellar artery. Two
cycles of treatment with teniposide (VM-26), carmustine (BCNU), carboplatin (CBP), and pirarubicin (THP) were
performed every four weeks.

Four patients (23.53%) achieved a complete response (CR), five patients (29.41%) achieved a partial response
(PR), seven patients (41.18%) had stable disease (SD), and only one patient (5.88%) developed progressive dis-
ease (PD). The objective response rate (ORR) and disease control rate (DCR) were 52.94% (9/17) and 94.12%
(16/17), respectively. Four patients (11.76%) developed grade 1/2 chemotherapy toxicity, which included three
cases (8.82%) of gastrointestinal toxicity and one case (2.84%) of granulocytopenia, but no grade 3/4 toxicity
was found. During microcatheter interventional chemotherapy, three patients (8.82%) developed intracranial
complications, including two cases (5.88%) of cerebrovascular spasm and one case (2.94%) of cerebral edema.
In 17 patients with adenocarcinoma of the lung with solitary cerebellar metastasis, concurrent microcathe-
ter interventional chemotherapy via the bronchial artery and posterior inferior cerebellar artery was safe and
showed short-term efficacy.
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Background

Worldwide, lung cancer remains the leading cause of cancer-
related death [1], and about half of patients have metastatic dis-
ease when first diagnosed [2]. Brain metastases from lung can-
cer are common and difficult to manage [3]. The most common
site of brain metastases is the cerebral hemisphere, followed
by the cerebellum, and brainstem. The symptoms of cerebellar
metastases are atypical in the early stage of the disease. When
the tumor grows to about 1-2 cm, the patients may only have
the symptom of dizziness or mild ataxia. The prognosis of pa-
tients with brain metastasis from lung cancer is poor. The me-
dian survival time is only 1-2 months [4]. Whole brain radio-
therapy or systemic chemotherapy for metastatic brain disease
is limited, and radiation can result in cognitive impairment [5,6].
The cerebellum is located in the posterior fossa, adjacent to
important nerves, blood vessels, and the brain stem. Radiation
for the metastatic disease can result in edema and can be life-
threatening or result in disability. Therefore, management of cer-
ebellar metastasis from adenocarcinoma of the lung is a chal-
lenge for the oncologist or the neurologist.

Interventional intra-arterial chemotherapy for intracranial me-
tastases can prolong the median survival to seven months in
patients with brain metastases from lung cancer [7]. However,
concurrent microcatheter interventional chemotherapy in the
treatment of adenocarcinoma of the lung and solitary cere-
bellar metastasis has been rarely reported in the literature.

Therefore, this study aimed to investigate the short-term clini-
cal efficacy of concurrent bronchial artery and posterior inferi-
or cerebellar artery microcatheter interventional chemotherapy
for the treatment of adenocarcinoma of the lung with solitary
cerebellar metastasis.

Material and Methods

Patients

The study was approved by the Medical Ethics Committee of
Tianjin TEDA hospital. The research complied with all the relevant
national regulations, institutional policies and was in accordance
with the tenets of the Helsinki Declaration. The Institutional
Review Board of Tianjin TEDA Hospital approved the study. All
study participants provided written informed consent.

Seventeen patients with histologically confirmed adenocarci-
noma of the lung with solitary single cerebellar metastasis con-
firmed on imaging were prospectively included in this study.
All the 17 cases received concurrent microcatheter interven-
tional chemotherapy for the treatment of adenocarcinoma of
the lung and solitary cerebellar metastasis.
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The study inclusion criteria were a diagnosis of adenocarcinoma
of the lung, confirmed by histology or cytology (Figure 1), and
a solitary cerebellar metastasis confirmed by magnetic reso-
nance imaging (MRI), no history of previous treatment, and
a Karnofsky Performance Scale (KPS) score of >60. Patients were
excluded from the study if they had other types of lung can-
cer, including small cell or squamous cell lung cancer, the pres-
ence of multiple brain metastases, and treatment with neoad-
juvant radiotherapy or chemotherapy. The demographic and
clinical characteristics of the 17 cases included in this study
are shown in Table 1.

Concurrent microcatheter interventional chemotherapy

The patients received concurrent microcatheter interventional
chemotherapy for adenocarcinoma of the lung and solitary
cerebellar metastasis using digital subtraction angiography
(DSA). Intra-arterial infusion chemotherapy for the intracra-
nial metastatic tumor was combined chemotherapy regimens
of teniposide (VM-26), carmustine (BCNU), carboplatin (CBP),
and pirarubicin (THP). Individualized dosing of chemotherapy
drugs was given according to the patient’s body surface area.

The Seldinger method was used to puncture the right femoral
artery, and a 6F sheath was inserted. A 5F JL4.5 catheter was
placed near the mesenteric artery from the abdominal aorta.
Ondansetron, an anti-nausea medication, was slowly infused
into the mesenteric artery. Bilateral bronchial arteries or related
intercostal arteries were selected. The lung tumor was iden-
tified in the chest using computed tomography (CT) imaging
(Figure 2A). An Echelon-10 45° microcatheter was guided by
a SilverSpeed-14 microwire to select the branches of the bron-
chial artery, avoiding the contralateral branches or intercostal
arteries. Tumor staining was seen using microcatheterography
(Figure 2B). The microcatheter was guided by a SilverSpeed-14
microwire that could penetrate into the tumors for angiogra-
phy and perfusion therapy (Figure 2C, 2D). Bronchial artery in-
fusion chemotherapy was performed for patients whose cath-
eters could not reach the tumors. Etoposide (VP-16), THP, and
cisplatin (DDP), diluted with 20 ml saline or glucose, were per-
fused with a high-pressure syringe using 2 ml/min volumes.
During perfusion, attention given to the X-ray findings of the
head position of the catheter or microcatheter, including dis-
placement. Timely repeat angiography was performed to en-
sure the accuracy of identification of the perfused vessels.

A 5F single-curved catheter was used for cerebral angiog-
raphy. Microcatheters were super-selected according to the
blood supply of the areas of the tumor on brain MRI to reach
the branches of the posterior inferior cerebellar artery in the
intracranial segment of the vertebral artery (Figure 3A, 3B).
During the use of the microcatheter, 0.3% papaverine solu-
tion was perfused into the catheter at 6 ml/min to prevent
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Figure 1. Photomicrographs of the histology of adenocarcinoma of the lung. Photomicrographs of the histology of adenocarcinoma of
the lung. (A) Hematoxylin and eosin (H&E). Magnification x40. (B) H&E. Magnification x100. (C) H&E. Magnification x200.

(D) H&E. Magnification x400.

cerebral vasospasm. Then, 30 ml of 20% mannitol, 10 mg of
dexamethasone, 20 ml saline or glucose were used to dilute
the VM-26, BCNU, THP, and CBP, which were perfused into the
catheter at a rate of 3 ml/min. Vasospasm of the vertebral ar-
tery was observed during perfusion, and the dose of papaver-
ine was adjusted. After perfusion, the microcatheter and the
intermediate catheter were withdrawn slowly, and the arterial
sheath was pulled out to ensure hemostasis.

Evaluation of the tumor response

The objective response (OR) after microcatheter interven-
tional chemotherapy was evaluated according to the Response
Evaluation Criteria in Solid Tumors (RECIST 1.1) [8]. The objec-
tive response rate (ORR) included the complete response (CR),
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the partial response (PR), stable disease (SD), and progres-
sive disease (PD). The objective response rate (ORR)=CR+PR.
The Disease Control Rate (DCR)=CR+PR+SD. The ORR was eval-
uated according to the cerebellum metastatic lesions.

Chemotherapy-associated toxicity
Chemotherapy-associated toxicity was evaluated according to
Common Terminology Criteria Adverse Events (CTCAE) version
5.0 from the National Cancer Institute (NCI).

Evaluation of intracranial complications

The evaluation of cerebrovascular complications during and af-
ter the procedure had thee components. First, the presence of
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Table 1. Demographic and clinical characteristics of the 17
patients with primary adenocarcinoma of the lung and
solitary cerebellar metastases.

Characteristic n/y%s
Gender, n (%)

Range 0.5-3.0
"""" Qm 15 (8824%)
"""" 2~3m 2 (a176%)
kes
"""" 0 3 (765%)
"""" 0 6 (3529%)
"""" &0 5 (o41%)
"""" 0 3 0765%)
T ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
"""" T2 (a176%
"""" 7 10 (882%
"""" 5 o41%)
"""" 0 (000%
N ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
"""" N 0 (000%)
"""" NU 4 (2353%)
"""" N8 (47.06%)
"""" NS5 (2041%)
M ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
"""" Mo 0 (000%
"""" Mi 17 (10000%)

T — primary tumor; N — lymph node; M — metastasis.

stroke was evaluated as irreversible ischemia or hemorrhage,
confirmed by brain CT or MRI imaging. Second, cerebral va-
sospasm or transient cerebral ischemia that could completely
recover in a short time after treatment, without cerebral le-
sions, as determined by CT or MRI. Third, cerebral rain edema,
evaluated by CT or MRI before and after microcatheter inter-
ventional chemotherapy.

Statistical analysis

Data were analyzed using STATA version 11.0 statistical software
(http://www.stata.com), Measurement data were expressed as
the mean + standard deviation (SD). Comparison of the data
before and after treatment was made based using the paired
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t-test of the sample mean. Numerical data were expressed
with a relative number, and comparison of the data before
and after treatment was analyzed by the chi-squared (x?) test.
A P-value <0.05 was considered to be statistically significant.

Results

Microcatheter interventional chemotherapy

Of the 17 patients with adenocarcinoma of the lung with soli-
tary cerebellar metastasis who received microcatheter inter-
ventional chemotherapy, the lung tumor was reached in nine
patients. A further eight cases received bronchial artery pulmo-
nary perfusion chemotherapy because of the difficulty in mi-
crocatheter intubation in the inner part of the tumor. For the
17 cases that had solitary cerebellar metastasis, in 13 cases
the angiographic catheter entered the extracranial segment
of the vertebral artery smoothly. The microcatheter microwire
was superselectively perfused through a single-curvature an-
giographic catheter. In four cases, the opening of the verte-
bral artery was tortuous (two cases), slim (one case), and ste-
nosed (one case). The 6 F guided catheter was used to support
the subclavian artery. A microwire and microcatheter guided
the 5F intermediate catheter through the tortuous stenosis.
The guide tube arrived at the V2-V3 segment of the vertebral
artery to provide stable support. The micro guidewire guided
the microcatheter to perform a superselection of the branches
of the posterior inferior cerebellar artery.

Objective response (OR)

All 17 patients received two cycles of microcatheter interven-
tional chemotherapy. The objective response rate (ORR) was
evaluated according to the metastatic cerebellar lesion. Of the
included 17 cases, four patients (23.53%) achieved a complete
response (CR) (Figure 4), five patients (29.41%) achieved par-
tial response (PR) (Figure 5), seven patients (41.18%) achieved
stable disease (SD) and only one patient (5.88%) developed
progressive disease (PD). The objective response rate (ORR)
and disease control rate (DCR) were 52.94% (9/17) and 94.12%
(16/17), respectively.

Chemotherapy-associated toxicity

Four (11.76%) grade 1/2 chemotherapy-associated toxicity
events were observed in the 34 chemotherapy cycles, and no
grade 3/4 toxicity occurred. Of the four toxicity events, three
cases (8.82%) were grade 1/2 gastrointestinal reactions, and
one case (2.84%) was grade 1/2 granulocytopenia.
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Figure 2. Imaging during microcatheter interventional chemotherapy for adenocarcinoma of the lung. (A) Bronchial arteriography
shows abnormal blood vessels in the right upper lobe of the lung. (B) After superselective microcatheterization, the tumor is
clearly identified. (C) The microcatheter guided by the microwire penetrates into the tumor. (D) Microcatheter angiography of

the tumor identifies the adenocarcinoma of the lung.

Intracranial complications

A total of three (8.82%) intracranial complications were found
during the microcatheter interventional chemotherapy. There
were two cases (5.88%) of cerebrovascular spasm and one
case (2.94%) of cerebral edema. No postoperative ischemic or
hemorrhagic stroke occurred during treatment. Cerebral vaso-
spasm occurred in the vertebral artery with contrast medium
retention during the procedure. Cerebral vasospasm occurred

in the position of catheter adjustment and papaverine infu-
sion. Cerebral edema was reduced with mannitol treatment
after microcatheter interventional chemotherapy.

Discussion

Primary lung cancer with intracranial metastasis requires con-
current treatment of the primary lung tumor and the secondary
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Figure 3. Microcatheter interventional chemotherapy for solitary cerebellar metastasis from adenocarcinoma of the lung. (A) Vertebral
artery angiography shows abnormal branching of posterior inferior cerebellar artery and the metastatic tumor. (B) Microwire-
guided superselective microcatheter in the posterior inferior cerebellar artery.
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Figure 4. Computed tomography (CT) scan of a male patient who received microcatheter interventional chemotherapy for a solitary
cerebellar metastasis. (A-D) Before treatment, a cerebellar metastasis was located in the left cerebellar hemisphere,
2.08x2.52 cm. (E, F) One month after two interventions, cranial magnetic resonance imaging (MRI) was repeated and
cerebellar metastases showed a complete response (CR). (G, H) After treatment for one month, the metastatic cerebellar
tumor had completely disappeared with a complete response (CR).
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Figure 5. Computed tomography (CT) scan of adenocarcinoma of the lung. (A) Adenocarcinoma of the right lung before treatment with
the tumor diameter of 54.55x44.88 mm. (B) After two cycles of treatment, the tumor showed partial response (PR), with the
tumor diameter being 24.58x30.51 mm.

brain tumor. However, due to the anatomical characteristics of
the bronchial artery, lung tumors are usually supplied by the
intercostal artery, or the bronchial artery that originates from
the intercostal artery, while the thoracic spinal artery and the
intercostal artery often have the same origin [9,10]. Bronchial
or intercostal arteries have small branches that communicate
with the spinal artery. Therefore, when the injection pressure
is high, or the injection speed is fast, complications may arise
that include paraplegia [11]. Therefore, superselective perfu-
sion with microcatheters can be used to avoid spinal cord in-
jury [12-14]. However, it is difficult for some patients to have
microcatheters sited during the treatment procedure.

In the present study, the rate of microcatheter placement in
this study was only 52.94% or nine out of 17 patients. In the
present study, the primary lung tumor and the metastatic cer-
ebellar tumor were treated by femoral artery puncture, con-
currently. The microcatheter and microwire can be reused for
the primary lung lesions and cerebellar metastases, reducing
procedural cost.

Microcatheter technology has been widely used in interven-
tional perfusion chemotherapy and embolization for the treat-
ment of hepatocellular carcinoma [15,16], and also renal can-
cer, lung cancer [17] and uterine cancer [18]. The superselective
technique of the use of a bronchial artery microcatheter for
lung cancer is not usually difficult, but some patients have
variant anatomical characteristics of the bronchial artery that
can introduce technical difficulties [19].

In the present study, 17 patients with adenocarcinoma of the
lung with solitary cerebellar metastasis were treated. Four pa-
tients (23.53%) achieved a complete response (CR), five pa-
tients (29.41%) achieved a partial response (PR), seven patients

(41.18%) had stable disease (SD), and only one patient (5.88%)
developed progressive disease (PD). The objective response
rate (ORR) and disease control rate (DCR) were 52.94% (9/17)
and 94.12% (16/17), respectively. However, the study sample
size was relatively small, and the statistical power of the study
was limited. Although the overall effective rate and disease
control rate was not significantly better than those of patients
with anterior circulation metastases treated with the same
method, the complete response rate was significantly higher
than those of patients with cerebral hemispheric metastases.
This improved response may due to the small volume of the
posterior cranial fossa. The posterior inferior cerebellar artery
that originates from the vertebral artery supplies the cerebel-
lar hemisphere. Therefore, the microcatheters could directly
perfuse the tumor and increased the local drug concentration.

In this study, four patients (11.76%) developed grade 1/2 che-
motherapy toxicity, which included three cases (8.82%) of gas-
trointestinal toxicity and one case (2.84%) of granulocytopenia,
but no grade 3/4 toxicity was found. Therefore, superselective
concurrent microcatheter interventional chemotherapy in the
treatment of adenocarcinoma of the lung and solitary cerebel-
lar metastasis was both safe and effective. Gao et al. [20] per-
formed a clinical study of arterial interventional chemotherapy
for brain metastases of lung cancer after opening the blood-
brain barrier and found that the response rate in the treatment
group was superior to the group who received radiotherapy.

For the treatment of solitary cerebellar metastatic disease,
standard treatment is surgical resection and whole brain ra-
diotherapy. Because cerebellar metastases are located in the
posterior cranial fossa, adjacent to the brainstem and many
important nerves and blood vessels, the risk of surgical resec-
tion is high. Whole brain radiotherapy alone has the drawback
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of extensive radiation damage to brain tissue and poor cura-
tive effects, which may lead to neurological deficits. Previous
studies have shown that the median survival time was no lon-
ger than six months for patients with metastatic brain disease
treated with radiotherapy, and the primary lung lesions and
cerebellar metastases could not be treated simultaneously [21].
In superselective microcatheter interventional chemotherapy,
angiography can identify the extent of the tumor and the ar-
terial blood supply. Microcatheters can access the inner part
of the tumor where intravenous chemotherapy may not reach.
Microcatheters in primary lung cancer can superselectively
perfused the bronchial arteries, and in cerebellar metastases,
microcatheters can superselectively perfuse the posterior in-
ferior cerebellar arteries.

References:

—

. Siegel RL, Miller KD, Jemal A: Cancer statistics, 2018. Cancer J Clin, 2018;
68: 7-30

. Cao M, Chen W: Epidemiology of lung cancer in China. Thorac Cancer, 2019;
10: 3-7

. Lillehei KO, Simon J, Gaspar L, Damek DM: Non-small-cell lung cancer with
brain metastasis. Oncology, 2004; 18: 1725-28

. Yousefi M, Bahrami T, Salmaninejad A et al: Lung cancer-associated brain
metastasis: Molecular mechanisms and therapeutic options. Cell Oncol,
2017; 40: 419-41

. TianJ, Luo Y, Xiang ) et al: Combined treatment for non-small cell lung can-
cer and breast cancer patients with brain metastases with whole brain ra-
diotherapy and temozolomide: A systematic review and meta-analysis. J
Neurooncol, 2017; 135: 217-27

. Qie S, Li Y, Shi HY et al: Stereotactic radiosurgery (SRS) alone versus whole
brain radiotherapy plus SRS in patients with 1 to 4 brain metastases from
non-small cell lung cancer stratified by the graded prognostic assessment:
A meta-analysis (PRISMA) of randomized control trials. Medicine, 2018; 97:
ell777

. Chuanhua M, Zhi G. Intracranial arterial infusion chemotherapy for lung
cancer complicated by brain metastases: A clinical observation. Journal of
Interventional Radiology, 2011: 20: 692-95

. Nishino M, Jackman DM, Hatabu H et al: New Response Evaluation Criteria
in Solid Tumors (RECIST) guidelines for advanced non-small cell lung can-
cer: Comparison with original RECIST and impact on assessment of tumor
response to targeted therapy. Am J Roentgenol, 2010; 195: W221-28

N

w

IS

S,

(=2}

~

o]

O

. Yang NN, Xiong F, He Q et al: Achievable complete remission of ad-
vanced non-small-cell lung cancer: Case report and review of the literature.
World J Clin Cases, 2018; 6: 150-55

10. Shimizu E, Nakamura Y, Mukai J et al: Pharmacokinetics of bronchial ar-
tery infusion of mitomycin in patients with non-small cell lung cancer. Eur
J Cancer, 1991; 27: 1046-48

11. Hohenforst-Schmidt W, Zarogoulidis P, Stopek J et al: Enhancement of in-
tratumoral chemotherapy with cisplatin with or without microwave abla-
tion and lipiodol. Future concept for local treatment in lung cancer. J Cancer,
2015; 6: 218-26

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

CLINICAL RESEARCH

Conclusions

This study aimed to investigate the short-term clinical efficacy
of concurrent bronchial artery and posterior inferior cerebel-
lar artery microcatheter interventional chemotherapy for the
treatment of adenocarcinoma of the lung with solitary cerebel-
lar metastasis. The findings showed that in 17 patients with
adenocarcinoma of the lung with solitary cerebellar metasta-
sis, concurrent microcatheter interventional chemotherapy via
the bronchial artery and posterior inferior cerebellar artery was
safe and showed short-term efficacy. However, the long-term
efficacy of superselective microcatheter interventional chemo-
therapy, combined with radiotherapy or other treatment mo-
dalities remains to be further evaluated by large-scale pro-
spective randomized controlled clinical trials.
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