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Case series

Safety and feasibility of intra-arterial delivery of
teniposide to high grade gliomas after blood—brain
barrier disruption: a case series

Jian Ruan, You Shi, Pengren Luo, Lin Lj, Jiashang Huang, Jie Chen, Haifeng Yang

ABSTRACT

Background This case series describes the safety and
efficacy of superselective intra-arterial (IA) cerebral
infusion of teniposide for the treatment of patients

with glioma, to provide new ideas and methods for the
treatment of high grade gliomas.

Methods 12 patients with glioma who were
previously treated with standard therapy were treated
with superselective IA cerebral infusion of teniposide.
Patients received at least two cycles of treatment (one
cycle: 150 mg/time, used for 1day, repeated at 28 day
intervals) after blood—brain barrier disruption. Patients
received individualized treatment on the tumor location.
The ophthalmic artery was bypassed during the super-
selective arterial infusion.

Results No significant differences in biochemical
indexes and Karnofsky performance status (KPS)

score were observed before and after treatment, and

no evident adverse events occurred (P>0.05). In a
recent response evaluation (August 2023), two (8%)
patients presented with a complete response (16.7%),
four had a partial response (33.3%), four had stable
disease (33.3%), and two showed progressive disease
(16.7%). The overall response rate and disease control
rate were 50.0% and 83.3%, respectively. In addition,
we described the detailed course of treatment in two
patients. Case No 1 (recurrent tumor) and case No

2 (primary tumor) received six and three cycles of
teniposide infusion, respectively. After treatment, the
tumors of the patients were significantly reduced without
evident adverse effects.

Conclusion This small series suggests that
superselective IA cerebral infusion of teniposide may be
a safe and effective therapy in the multimodal treatment
of malignant glioma and warrants further study in larger
prospective investigations.

To cite: Ruan J, Shi Y, Luo P,
et al. J Neurolntervent Surg
Epub ahead of print: [please
include Day Month Year].
doi:10.1136/jnis-2023-
021055

INTRODUCTION

Gliomas originate from the neuroepithelium and are
the most common tumors of the CNS." In general,
gliomas are derived from glial cells or precursor
cells, and then develop into astrocytomas, oligoden-
drogliomas, or glioblastomas (GBMs), for example,
among which GBMs are the most aggressive.”
Morbidity and mortality from gliomas are increasing
every year." The average survival of patients with
a glioma is <1year, and the Syear survival rate
is <59%.° At present, the treatment of malignant
gliomas (WHO grades 3 and 4) is primarily the
Stupp regimen (postoperative radiotherapy and

temozolomide concurrent chemotherapy, followed
by temozolomide adjuvant chemotherapy for 6-12
months).® Studies have found that the average
time for recurrence of malignant gliomas treated
with the Stupp regimen is 7 months, and survival
after recurrence is 6-7 months.” Once high grade
gliomas recur, the prognosis is extremely poor.®
Currently, there is no standard treatment for recur-
rent malignant gliomas. Thus finding new methods
to improve the efficacy is urgently needed.

Teniposide (VM-26), an analog of podophyllo-
toxin (PTOX), binds and inhibits topoisomerase II,
preventing the healing of DNA breaks that occur
during cell replication and leading to apoptosis.’
Teniposide plays an important role in brain metas-
tases of glioma and other malignant tumors.™
Teniposide has the characteristics of CNS perme-
ability and lipophilicity, and the concentration
of teniposide in CSF can reach up to 27% of the
blood concentration.!" However, the limitations
of intravenous teniposide are also prominent, such
as poor bioavailability, large side effects, and drug
resistance.'> Therefore, the development of new
teniposide based therapeutics is necessary.

Intra-arterial (IA) delivery for the treatment of
intracranial tumors began in the 1950s." Superse-
lective TA cerebral infusion is a method in which
a catheter is selectively inserted into the artery
supplying the tumor and drugs are injected into the
tumor.”® Compared with intravenous administra-
tion, superselective IA cerebral infusion of modern
chemotherapeutics  after blood-brain  barrier
disruption can reach the local drug concentration
at the tumor, and the amount of drug consumption
and systemic adverse reactions decrease. Thus this
method is widely used in clinical practice.'* Several
studies have evaluated the safety and efficacy of
IA delivery of bevacizumab and bevacizumab to
GBMs. " 1 However, the safety and feasibility of
IA delivery of teniposide to gliomas have not been
evaluated. In this study, we report the safety and
efficacy of superselective IA cerebral infusion of
teniposide for the treatment of 12 glioma patients,
to provide new ideas and methods for the treatment
of high grade gliomas.

MATERIALS AND METHODS

Clinical data

Retrospective analysis was conducted on 12
patients with malignant gliomas who were treated
at the Department of Neurosurgery, Chongqing
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University cancer hospital, from June 2022 to July 2023. Inclu-
sion criteria were: (1) age >18 years; (2) patients with patholog-
ically confirmed high grade gliomas; (3) Karnofsky performance
status (KPS) score >60 (predicted postoperative survival time
is >3 months)'’; and (4) no contraindications to radiotherapy
or chemotherapy, and no other brain lesions. Exclusion criteria
were: (1) patients with severe heart, liver, or kidney dysfunction;
and (2) patients who were treated with superselective intracra-
nial arterial infusion less than two times.

The Stupp protocol was used for postoperative treatment.
General data for the patients were collected, including sex, age,
lesion location, pathological type, and other clinical informa-
tion. Biochemical indicators before and after infusion of chemo-
therapy were collected, including white blood cells, neutrophils,
hemoglobin, platelets, aspartate aminotransferase, alanine
aminotransferase, and D-dimer.

Therapeutic method

Superselective intracranial arterial infusion of teniposide was
performed in patients with high grade gliomas who completed
the Stupp protocol. Seldinger puncture was performed on
the right femoral artery, and a 6 F artery sheath (6F-11CM
402-606X; Cordis, Miami, Florida, USA) was inserted. Blood—
brain barrier disruption was carried out by rapid intravenous
infusion of 125 mL of 20% mannitol. The 6 F guided catheter
(670-258-00; Cordis) was used to conduct bilateral common
carotid artery angiography. After systemic heparinization (80 U/
kg), the Enchelon10 microcatheter (Covidien, Mansfield, Massa-
chusetts, USA) was superselected into the A1/M1/P2/C7 segment
under the guidance of the AVIGO microguide wire. Superselec-
tive microangiography showed that the tube tip was in a suitable
position. Teniposide (150mg) was mixed with normal saline
(250mL), and the micropump was continuously pumped at a
rate of 5 mL/min."® One cycle of infusion of chemotherapy was
administered as follows: 150mg each, administered for 1day,
repeated at 28 day intervals.

After completion of the interventional chemotherapy, angiog-
raphy showed that the intracranial vessels were unobstructed and
no obvious abnormalities were observed. Patients received indi-
vidualized treatment. Based on the cerebral vascular supply area
of the tumor site, the microcatheter was beyond the ophthalmic
artery. Arterial infusion of chemotherapy was also performed by
superselective placement of the anterior cerebral artery (ACA)
A1 segment, middle cerebral artery (MCA) M1 segment, poste-
rior cerebral artery P2 segment, or the end of the C7 segment of
the internal carotid artery. In this study, all 12 patients received
at least two cycles of treatment.

Assessment of patients' functional status and adverse events
KPS was assessed before and after the first treatment with
superselective intracranial arterial infusion of teniposide."”” The
specific scoring criteria were: 100 points=no symptoms or signs;
90 points=can perform normal activities with minor symptoms
or signs; 80 points=barely performing normal activities with
some symptoms or signs; 70 points=can take care of themselves
but cannot maintain normal life and work; 60 points=can take
care of most of their own life, but occasionally need help from
others; 50 points=often need to be taken care of by others; 40
points=cannot take care of themselves and need special care and
help; 30 points=cannot take care of themselves; 20 points=se-
vere illness requiring hospitalization and active supportive care;
10 points=severe risk and near death; and 0 points=death.
Adverse events of infusion of chemotherapy were observed and
recorded.

Table 1 Baseline characteristics of 12 glioma patients
Characteristics Glioma patients (n=12)
Age (years) (mean=SD) 47.8+11.1
Sex

Men 5(41.7)

Women 7 (58.3)
Height (cm) (mean+SD) 161.9+7.2
Weight (kg) (mean=SD) 61.4+10.7
Body mass index (kg/mz) (mean=+SD) 23.4+3.7
Smoking history 3(25.0)
Drinking history 1(83)
Comorbidities

Hypertension 1(8.3)

Diabetes 1(8.3)
Family history of glioma 0(0.0)
Tumor number

Unifocal 12 (100.0)

Multifocal 0(0.0)
Treatment before Teniposide

Surgery 12 (100.0)

Chemoradiotherapy 12 (100.0)
Type of surgery

Total resection 6 (50.0)

Partial resection 6 (50.0)
Pathological classification

WHO grade 3 1(8.3)

WHO grade 4 11(91.7)
Outcome after chemoradiotherapy

Partial response 12 (100.0)
Tumor type

Primary 8 (66.7)

Relapsed 4(33.3)

Values are number (%) unless indicated otherwise.

Assessment of treatment response

The response to infusion chemotherapy was assessed in accor-
dance with the response assessment in neuro-oncology (RANO)
criteria.?’ Patients were followed for 8-19 months, with a mean
follow-up of 12 months. The objective response rate (ORR)
included complete response (CR) and partial response (PR). The
disease control rate included CR, PR and stable disease (SD).

Statistical method

SPSS 22 was used for statistical analysis. Data are expressed
as mean=SD. Biochemical indicators are expressed as median
(IQR). Differences in biochemical indices and KPS scores before
and after treatment were analyzed by a paired sample Wilcoxon
test. P<0.05 was considered statistically significant.

RESULTS

This study included 12 patients with high grade gliomas,
including 11 WHO grade 4 and one WHO grade 3 gliomas
(table 1). One patient with relapsed diffuse astrocytoma,
WHO grade 3, was enrolled in the study because resistance
developed after treatment with temozolomide. A total of five
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Table 2 Comparison of biochemical indices and Karnofsky
performance status score before and after chemotherapy infusion

Pre-infusion Post-infusion P
Parameter chemotherapy chemotherapy value
WBC (x10°/L) 4.6 (3.8-5.7) 5.5 (3.5-8.2) 0.182
Neutrophils (x10°/L) 2.8(2.3-3.7) 4.7 (2.3-7.1) 0.071

Hemoglobin (g/L) 136.0 (110.0-143.0) 141.0 (117.0-144.0) 0.223
Platelets (x10°/L) 172.0 (163.0-251.0) 176.0 (156.0-203.0) 0.695
AST (U/L) 22.0(11.0-45.0) 26.0 (11.0-40.0) 0.859
ALT (UIL) 18.0 (17.0-23.0) 18.0 (16.0-27.0) 0.574
D-dimer (mg/L) 0.4 (0.2-0.6) 0.5(0.2-1.2) 0.331
KPS score (mean+SD) 75.6+13.3 72.2+14.8 0.195

All values are median.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; KPS, Karnofsky
performance status; WBC, white blood cells.

men and seven women were included in our study, with an
average age of 47.8+11.1 years. Eight patients had primary
high grade gliomas and four had recurrent high grade gliomas.
Before treatment with teniposide, all patients had undergone
surgery and chemoradiotherapy (100.0%). Complete resection
was achieved in 50% of patients and partial resection in 50%.
Molecular detection was performed in eight patients, and data
were not available for four patients because of surgery in other
hospitals (online supplemental table 1). All patients had a PR
after chemoradiotherapy.

All 12 patients had a single lesion, and the lesions were
located in the callosum (n=1), right frontal lobe (n=2), right
parietal lobe (n=1), right frontal-parietal lobe (n=1), right
frontal temporal parietal lobe (n=1), right temporo-occipital
lobe (n=1), left frontal-parietal lobe (n=1), left frontal lobe
(n=1), both bilateral frontal lobe and callosum (n=1), and both
callosum and right frontal lobe (n=1) (online supplemental
table 2). The superselected vessels included the right posterior
cerebral artery (n=1), right ACA (n=1), right MCA (n=3),
distal right internal carotid artery (n=3), left ACA (n=1), and
left MCA (n=3). The mean number of treatment cycles was
3.9+1.6. Patients who received one treatment session were not
enrolled. Patients voluntarily gave up continuing treatment due
to financial reasons, and the treatment was stopped after the
doctor’s advice was not taken.

Biochemical indices (white blood cells, neutrophils, hemo-
globin, platelets, aspartate aminotransferase, alanine aminotrans-
ferase, and D-dimer) were higher after infusion of chemotherapy
than before infusion, but the differences were not statistically
significant (table 2). In addition, no significant difference in KPS
scores was observed before and after infusion of chemotherapy
(table 2). Of the 12 patients, 10 had no adverse reactions (online
supplemental table 3). One patient had nausea and vomiting,
and one had a skin allergy on the back. These results indicated
that the new treatment had few toxic side effects and was effec-
tive in controlling tumor progression.

In a recent curative effect evaluation (August 2023), two (8%)
patients presented with CR (16.7%), four had PR (33.3%), four
had SD (33.3%), and two showed PD (16.7%). The ORR and
DCR were 50.0% and 83.3%, respectively (figure 1).

Patients received individualized treatment: the relevant feeding
artery was on the basis of the tumor site, and the microcath-
eter was beyond the ophthalmic artery. The drug was pumped
through a micropump.

New devices and techniques
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Figure 1  Tumor response after infusion of chemotherapy. CR,
complete response; PR, partial response; SD, stable disease; PD,
progressive disease; ORR, overall response rate; DCR, disease control
rate.

Example case No 1

Case No 1 (patient No 7) was an adult patient who underwent
intracranial glioma resection at another hospital 13 years previ-
ously (January 2010) and was diagnosed with grade 2 glioma by
postoperative pathology. The patient received one chemotherapy
session after surgery and was not re-examined. In July 2022,
the patient presented with headache, nausea, and occasional
vomiting without evident regularity. The patient underwent
frontal lobe lesion resection with neuronavigation computer
assisted surgery and CSF leakage repair in August 2022. Post-
operative recovery was good. Postoperative pathology revealed
diffuse astrocytoma, IDH mutation (online supplemental table
1), and CNS WHO grade 4. One month later (September 2022),
the patient was treated with standard chemoradiotherapy. The
treatment response was PR. The patient received superselec-
tive intracranial arterial infusion of chemotherapy (six cycles)
in November 2022. Recurrent tumor was located in the corpus
callosum region, and the microcatheter was superselected to the
A1 segment of the ACA (figure 2A-B). Due to the opening of the
ACA, chemotherapy drugs could reach the bilateral A2 segments,
and the contralateral recurrent tumor regressed significantly.
During chemotherapy, no nausea, vomiting, or other gastro-
intestinal discomfort was reported (figure 2C). At present, the
patient’s condition is stable without discomfort.

Example case No 2

Another adult patient (patient No 8) presented with headache,
dizziness, and limb twitching in March 2022. In April 2022, the
right parietal lobe lesion was resected in another hospital, and
the postoperative pathology was consistent with GBM (IDH—,
MGMT+, WHO grade 4, online supplemental table 1). The
patient was treated with standard chemoradiotherapy in June
2022 and showed a PR. The patient developed left limb numb-
ness in July 2022 and was admitted to our hospital for treatment
in August 2022. The patient received three cycles of infusion
of chemotherapy in November 2022. The tumor lesion was in
the right parietal region, so the microcatheter was superselected
into the M1 segment of the right MCA (figure 2D-F). Tumor
regression was observed after infusion of chemotherapy. These
results indicated that when the microcatheter superselected the
artery distal to the ophthalmic artery, a good therapeutic effect
can be obtained.
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Figure 2 A
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Figure 2 Course of treatment in two patients. (A) MRI image of the recurrent tumor before chemotherapy; blue represents the primary tumor area
and orange represents the recurrent tumor area. (B) Catheter was superselected to the A1 segment of the anterior cerebral artery (ACA) for infusion
of chemotherapy; yellow represents the ophthalmic artery, purple represents the A1 segment of the ACA, and green represents the A2 segment of the
ACA. (C) MRI image of recurrent tumor after infusion of chemotherapy; blue represents the primary tumor area and orange represents the recurrent
tumor volume reduction. (D) MRI image of the tumor before infusion of chemotherapy; blue represents the primary tumor area. (E) The microcatheter
was superselected into the M1 segment of the right middle cerebral artery; yellow represents the ophthalmic artery,and green represents the M1
segment of the middle cerebral artery. (F) MRI image of the tumor after infusion of chemotherapy; blue represents the primary tumor volume

reduction.

DISCUSSION
At present, surgical resection remains the main treatment for
high grade gliomas. However, given the invasive growth of the
tumor, completely removing the tumor by surgery is difficult,
and recurrence is almost inevitable.*! Chemotherapy drugs can
block and kill residual tumor cells with different proliferation
cycles after surgery.”* However, considering the existence of
the blood-brain barrier, brain glial cells are resistant to most
chemotherapy drugs. Superselective arterial chemotherapy has
attracted increasing attention because of its advantages of rela-
tively low total drug dosage, high local drug concentration, and
less systemic reactions and side effects.”” Therefore, superse-
lective TA cerebral infusion of teniposide for the treatment of
glioma patients may be a safely tolerated and feasible strategy.
To date, an ideal second line treatment for glioma is lacking, and
new treatment modalities are needed to improve the survival rate
of patients with gilomas.>* Teniposide is a highly sensitive drug
for gliomas."” In previous reports, teniposide was commonly used
for the treatment of gliomas by intravenous infusion. Considering
the existence of the blood-brain barrier, the intravenous drug
requirement is large, but the amount of drug that reaches the
brain tissue is limited, thereby causing functional damage to other
organs.” In this study, superselective intracranial arterial infusion
of teniposide was used to treat primary and recurrent gliomas
after opening the blood-brain barrier. No significant differences
in biochemical indices or KPS score were observed before and

after treatment. These results indicated that the treatment had
few toxic side effects in controlling glioma progression.

The ORR and DCR were 50.0% and 83.3%, respectively.
In particular, two patients achieved CR after treatment. Tradi-
tional IA chemotherapy can cause retinal damage and vision loss,
which can be avoided by superselective chemotherapy.?® Based
on the cerebrovascular characteristics of different tumor sites,
we performed personalized infusion of chemotherapy beyond
the ophthalmic artery to avoid damage to the retina. The drug
was distributed in the blood vessels around the tumor, and the
drug concentration was maintained at the tumor site to achieve
better therapeutic effect and reduce drug toxicity. Arterial inter-
ventional therapy avoids systemic medication, as well as reduces
the frequency and total amount of medication, so improving the
efficacy of drugs and reducing side effects.”” These findings indi-
cated that superselective arterial infusion of teniposide might be
effective and safe in glioma patients.

In conclusion, this small series suggests that superselective
IA cerebral infusion of teniposide may be a safe and effective
therapy in the multimodal treatment of malignant gliomas and
warrants further study in larger prospective investigations.
However, this study had some limitations. The sample size was
small, and future studies with large samples are necessary for
further verification. Progression free survival and overall survival
data were lacking because patients responded well and are still
in follow-up. Thus prospective and multicenter studies must be
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conducted in the future to further explore whether this therapy
can prolong the survival of glioma patients.

Contributors HY and JR contributed to the study concept and design. YS, PL,
LL, JH, and JC contributed to acquisition and analysis of the data. JR drafted the
manuscript. HY revised the manuscript. Al listed authors contributed to the work
and approved the final manuscript.

Funding This project was supported by the Chongging University Cancer Hospital
Scientific Research Starting Foundation and the Chongqing Health Appropriate
Technology Promotion Project (Grant number: 2024cyjstg006).

Competing interests None declared.
Patient consent for publication Consent obtained directly from patient(s).

Ethics approval This study was approved by the ethics committee of Chongging

University Cancer Hospital (CZLS2021077-A). Informed consent was obtained from
the enrolled patients. Participants gave informed consent to participate in the study
before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Supplemental material This content has been supplied by the author(s).

It has not been vetted by BMJ Publishing Group Limited (BMJ) and may not
have been peer-reviewed. Any opinions or recommendations discussed are
solely those of the author(s) and are not endorsed by BMJ. BMJ disclaims all
liability and responsibility arising from any reliance placed on the content.
Where the content includes any translated material, BMJ does not warrant the
accuracy and reliability of the translations (including but not limited to local
regulations, clinical guidelines, terminology, drug names and drug dosages), and
is not responsible for any error and/or omissions arising from translation and
adaptation or otherwise.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Haifeng Yang http://orcid.org/0000-0002-9410-7348

REFERENCES

1 LiW, Xu X. Advances in mitophagy and mitochondrial apoptosis pathway-related
drugs in glioblastoma treatment. Front Pharmacol 2023;14.

2 XuS,Tang L, Li X, et al. Inmunotherapy for glioma: Current management and future
application. Cancer Lett 2020;476:1-12.

3 SantoshV, Sravya P, Gupta T, et al. ISNO consensus guidelines for practical
adaptation of the WHO 2016 classification of adult diffuse gliomas. Neurol India
2019;67:173-82.

4 Andrews LJ, Davies P, Herbert C, et al. Pre-diagnostic blood biomarkers for adult
glioma. Front Oncol 2023;13:1163289.

5 Wang R, Wang J, Wang Y, et al. IncRNA Tusc7 sponges miR-10A-5P and inhibits
BDNF/ERK pathway to suppress glioma cell proliferation and migration. Aging
2023;14:15-8.

6

20

21

22

23

24

25

26

27

Wang J, Huang Y, Zhao F, et al. Standard or extended STUPP? optimal duration

of temozolomide for patients with high-grade gliomas: a retrospective analysis. /
Neurooncol 2022;160:433-43.

Lukas RV, Wainwright DA, Ladomersky E, et al. Newly diagnosed glioblastoma: A
review on clinical management. Oncology (Williston Park) 2019;33:91-100.

Motyka S, Jafernik K, Ekiert H, et al. Podophyllotoxin and its derivatives: potential
anticancer agents of natural origin in cancer chemotherapy. Biomed Pharmacother
2023;158:114145.

Guo Q, Jiang E. Recent advances in the application of podophyllotoxin derivatives to
fight against multidrug-resistant cancer cells. Curr Top Med Chem 2021;21:1712-24.
Zhao W, Cong Y, Li H-M, et al. Challenges and potential for improving the
druggability of podophyllotoxin-derived drugs in cancer chemotherapy. Nat Prod Rep
2021;38:470-88.

Fan H-Y, Zhu Z-L, Xian H-C, et al. Insight into the molecular mechanism of
podophyllotoxin derivatives as anticancer drugs. front Cell Dev Biol 2021;9:709075.
Huang R, Boltze J, Li S. Strategies for improved intra-arterial treatments targeting
brain tumors: a systematic review. front Oncol 2020;10:1443.

D'Amico RS, Khatri D, Reichman N, et al. Super selective intra-arterial cerebral infusion
of modern chemotherapeutics after blood-brain barrier disruption: where are we now,
and where we are going. J Neurooncol 2020;147:279.

Boockvar JA, Tsiouris Al, Hofstetter CP, et al. Safety and maximum tolerated dose of
superselective intraarterial cerebral infusion of bevacizumab after osmotic blood-brain
barrier disruption for recurrent malignant glioma. J Neurosurg 2011;114:624-32.
Chakraborty S, Filippi CG, Wong T, et al. Superselective intraarterial cerebral infusion
of cetuximab after osmotic blood/brain barrier disruption for recurrent malignant
glioma: phase | study. J Neurooncol 2016;128:417.

Zhang Y, Liu G, Lang M, et a/. Patients treatment with neuroglioma by teniposide
and semustine and its influence on twist and E-cadherin expression. Saudi Pharm J
2016;24:299-304.

van Tellingen O, Boogerd W, Nooijen WJ, et al. The vascular compartment hampers
accurate determination of teniposide penetration into brain tumor tissue. Cancer
Chemother Pharmacol 1997;40:330-4.

Amelot A, Terrier L-M, Cognacq G, et al. Natural history of spinal cord metastasis from
brain glioblastomas. J Neurooncol 2023;162:383.

Aquino D, Gioppo A, Finocchiaro G, et al. MRI in glioma Immunotherapy: evidence,
pitfalls, and perspectives. / Immunol Res 2017;2017:5813951.

Qiu Q, Ding X, Chen J, et al. Nanobiotechnology-based treatment strategies for
malignant relapsed glioma. J Control Release 2023;358:681-705.

Alireza M, Amelot A, Chauvet D, et a/. Poor prognosis and challenging treatment

of optic nerve malignant gliomas. Literature Review and Case Report Series World
Neurosurg 2017;97:751.

Faltings L, Kulason KO, Patel NV, et al. Rechallenging recurrent glioblastoma with
intra-arterial bevacizumab with blood brain-barrier disruption results in radiographic
response. World Neurosurg 2019;131:234-41.

Furtak J, Kwiatkowski A, Sledzifiska P, et al. Survival after reoperation for recurrent
glioblastoma multiforme: A prospective study. Surg Oncol 2022;42:101771.

Mack F, Schafer N, Kebir S, et al. Carmustine (BCNU) plus teniposide (Vm26) in
recurrent malignant glioma. Oncology 2014,86:369-72.

Aubry A, Pearson JD, Huang K, et a/. Functional genomics identifies new synergistic
therapies for retinoblastoma. Oncogene 2020;39:5338-57.

Srinivasan VM, Lang FF, Chen SR, et al. Advances in endovascular neuro-oncology:
endovascular selective intra-arterial (ESIA) infusion of targeted biologic therapy for
brain tumors. J Neurolntervent Surg 2020;12:197-203.

Uluc K, Siler DA, Lopez R, et al. Long-term outcomes of intra-arterial chemotherapy
for progressive or Unresectable Pilocytic Astrocytomas: case studies. Neurosurgery
2021;88:E336-42.

Ruan J, et al. J Neurolntervent Surg 2023;0:1-5. doi:10.1136/jnis-2023-021055

"ybLAdod Aq paroalold 1sanb Aq £20z ‘9T Jaquiaoaq uo /wodfwg siul//:dny wol) papeojumoq "£Z0g Jaquiadaq / Uo GS0TZ0-£202Z-SIUl/9STT 0T Se paysiignd 1siy :BinS jusAIslujoInaN


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-9410-7348
http://dx.doi.org/10.3389/fphar.2023.1211719
http://dx.doi.org/10.1016/j.canlet.2020.02.002
http://dx.doi.org/10.4103/0028-3886.253572
http://dx.doi.org/10.3389/fonc.2023.1163289
http://dx.doi.org/10.18632/aging.204655
http://dx.doi.org/10.1007/s11060-022-04162-w
http://dx.doi.org/10.1007/s11060-022-04162-w
http://dx.doi.org/30866031
http://dx.doi.org/10.1016/j.biopha.2022.114145
http://dx.doi.org/10.2174/1568026621666210113163327
http://dx.doi.org/10.1039/d0np00041h
http://dx.doi.org/10.3389/fcell.2021.709075
http://dx.doi.org/10.3389/fonc.2020.01443
http://dx.doi.org/10.1007/s11060-020-03452-5
http://dx.doi.org/10.3171/2010.9.JNS101223
http://dx.doi.org/10.1007/s11060-016-2153-6
http://dx.doi.org/10.1016/j.jsps.2016.04.001
http://dx.doi.org/10.1007/s002800050665
http://dx.doi.org/10.1007/s002800050665
http://dx.doi.org/10.1007/s11060-023-04320-8
http://dx.doi.org/10.1155/2017/5813951
http://dx.doi.org/10.1016/j.jconrel.2023.05.016
http://dx.doi.org/10.1016/j.wneu.2016.10.083
http://dx.doi.org/10.1016/j.wneu.2016.10.083
http://dx.doi.org/10.1016/j.wneu.2019.07.137
http://dx.doi.org/10.1016/j.suronc.2022.101771
http://dx.doi.org/10.1159/000360295
http://dx.doi.org/10.1038/s41388-020-1372-7
http://dx.doi.org/10.1136/neurintsurg-2019-015137
http://dx.doi.org/10.1093/neuros/nyaa588
http://jnis.bmj.com/

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) J Neurolntervent Surg

Supplementary table 1. The molecular information of the tumors

Patients Molecular detection

Patient 1 1p/199-;TERT C228T; IDH-; BRAF V600E-;
MGMT-

Patient 2 1p/199-;TERT-;IDH-;BRAF-V600E-MGMT-

Patient 3 TERT-;IDH-;BRAF-V600E-;MGMT-

Patient 4 1p/199-; TERT-;IDH1 R132H;MGMT+

Patient 5 1p/199-;TERT C228T,; IDH-; BRAF V600E-;
MGMT-;p53-

Patient 6 TERT C228T;IDH-;MGMT+

Patient 7 IDH1 R132H;MGMT+

Patient 8 1p/199-;TERT C228T; IDH-; BRAF V600E-;
MGMT+;EGFR+

Patient 9 Not applicable

Patient 10 Not applicable

Patient 11 Not applicable

Patient 12 Not applicable
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Supplementary table 2. Tumor location, super-selective vessel, and treatment cycles of the

patients

Parameters

Glioma patients (N=12)

Tumor location, No. (%)
Callosum
Right frontal lobe
Right parietal lobe
Right frontal-parietal
Right frontal temporal parietal
Right temporo-occipital lobe
Left frontal-parietal
Left frontal lobe
Bilateral frontal lobe
Callosum
Super-selected vessel, No. (%)

Right posterior cerebral artery
Right anterior cerebral artery
Right middle cerebral artery
Distal right internal carotid artery
Left anterior cerebral artery
Left middle cerebral artery
Cycles of infusion chemotherapy, No. (%)

Mean+SD

2 cycles, No. (%)

3 cycles, No. (%)

4 cycles, No. (%)

5 cycles, No. (%)

6 cycles, No. (%)

1(8.3)
2(16.7)
1(8.3)
1(8.3)
1(8.3)
1(8.3)
1(8.3)
2(16.7)
1(8.3)
1(8.3)

1(8.3)
1(8.3)
3 (25.0)
3(25.0)
1(8.3)
3(25.0)

3.9+1.6
3 (25.0)
3(25.0)
1(8.3)
2(16.7)
3 (25.0)
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Supplementary table 3. Adverse events of infusion chemotherapy

Adverse events Glioma patients (N=12)
Nausea and vomiting, No. (%) 1(8.3)

Back skin allergy, No. (%) 1(8.3)

No adverse events, No. (%) 10 (83.3)
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