
 

 

 2024 
Volume: 4, No: 3, pp. 1222–1228  

ISSN: 2634-3576 (Print) | ISSN 2634-3584 (Online) 

posthumanism.co.uk  
 
DOI: https://doi.org/10.63332/joph.v4i3.3211  

Selective Intracranial Endovascular Chemotherapy: Alternative 

Treatment for Adults Diagnosed with Glioma 

Thiago Andrés Navarro Álvarez1, Andrés Fonnegra Caballero2, María Sofía González 
Casagua3, Ricardo Andrés Novoa Álvarez4 

 
Abstract 

Introduction: Minimally invasive intra-arterial (IA) drug administration is an innovative treatment strategy for patients with brain 
neoplasms that are difficult to manage and access. Methods: An exhaustive literature search was conducted in two databases 
(PubMed, Scopus) using MeSH terms "selective intra-arterial cerebral infusion," "endovascular chemotherapy," "glioma," and 
"glioblastoma." Thirty-five articles on selective endovascular infusion of chemotherapeutic agents for glioma treatment were 
identified.Results: The use of intra-arterial (IA) drugs has been described since 1950 with remarkable results for modern medicine, 
which requires disrupting the blood-brain barrier through various strategies to facilitate the distribution of biological or 
chemotherapeutic agents to brain tissue, including Bevacizumab in monotherapy or combined therapy.Conclusions: Minimally 
invasive therapeutic strategies offer significant benefits for patients with high-grade tumor lesions, particularly in cases of 
glioblastoma multiforme (GBM), minimizing complications and limited survival rates. 
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Introduction 

Gliomas are primary intracerebral neuroepithelial tumors that represent 70 to 80% of malignant 
brain tumors in adults (1). They are classified into four histological grades according to the 
World Health Organization (WHO) criteria, with grades III and IV corresponding to high-grade 
tumors, including anaplastic astrocytoma, oligodendroglioma, and glioblastoma multiforme 
(GBM), the most aggressive and common with an annual incidence of 2-3 cases per 100,000 
people (2,3). 

The prognosis for gliomas is unfavorable, with an average survival of approximately twelve to 
fifteen months after diagnosis due to the infiltrative nature of glial cells, disease progression, 
and aggressiveness (4). Traditional treatment options, including radical cytoreductive surgery 
combined with adjuvant chemotherapy and radiotherapy, aim to prolong survival and improve 
the quality of life of patients (5). However, the effectiveness of aggressive tumor management 
is questionable, mainly due to factors related to the composition of the blood-brain barrier and 
the insensitivity of gliomas to chemotherapeutic agents, posing a significant challenge for 
modern medicine (6). 
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As a result, alternative therapeutic approaches have been developed using microcatheters for the 
intra-arterial administration of biological and/or chemotherapeutic drugs for the selective 
treatment of brain tumor lesions, primarily retinoblastoma and hepatocellular carcinoma (7). The 
minimally invasive administration of drugs through the blood-brain barrier in selective brain 
areas via peritumoral vasculature limits the volume of tumor distribution, reduces neurotoxicity, 
and systemic toxicity (7,8). 

This review summarizes the historical background, drugs used, and associated side effects of the 
administration of selective endovascular chemotherapeutic agents as treatment for adult patients 
diagnosed with gliomas. 

Methods 

A comprehensive literature search was conducted in three databases (PubMed, Scopus, 
EMBASE) on the selective endovascular infusion of chemotherapeutic agents for glioma 
treatment, using MeSH terms "selective intra-arterial cerebral infusion," "endovascular 
chemotherapy," "glioma," and "glioblastoma," along with the operators 'AND' and 'OR.' The 
search included all available articles in English and Spanish with adult populations from 1981 
to December 2022. Articles were selected based on title and abstract reviews by two reviewers 
and subsequently reviewed by the other authors. Previous reviews on the topic were included, 
and reference searches were also performed. Manuscripts and studies focused on intravascular 
infusions (IV) were excluded. 

Results 

The assessment of publications was performed by reviewing the obtained abstracts, resulting in 
35 articles that were read in full after removing duplicates. 

Historical Background 

The use of intra-arterial (IA) drugs for head and neck tumor treatment was first reported in the 
1950s, with the accidental administration of nitrogen mustard to a patient with Hodgkin's 
lymphoma in the brachial artery, which led to the hypothetical consideration of potential 
therapeutic benefits in tumor lesions after local drug administration due to tissue dilution 
capacity and reduced toxic effects.  

The implementation of intra-arterial (IA) drug delivery as a treatment for head and neck tumors 
was first reported in the 1950s with Calvin Klopp's publication on the accidental administration 
of nitrogen mustard in a patient diagnosed with Hodgkin's lymphoma in the brachial artery. This 
event led to the hypothetical consideration of potential therapeutic benefits in tumor lesions 
following local drug administration due to its tissue dilution capacity and lower frequency of 
toxic effects, as observed in subsequent animal studies (9); Additionally, authors like French et 
al. in 1952 suggested the use of regional IA therapies for the management of intracranial 
malignant neoplasms in humans (10). 

In the 1960s, studies related to the blood-brain barrier (BBB) structure and the use of IA 
chemotherapeutic agents for the treatment of malignant brain tumors, particularly gliomas, were 
documented (11,12). In the 1970s, Stanley Rapaport highlighted key aspects of osmotic 
disruption of the BBB as a reversible method for transmembrane drug passage for therapeutic 
purposes (13–15). Unfortunately, despite the technological advances in modern endovascular 
medicine, interest in IA chemotherapy decreased progressively from the 1990s due to 
neurological complications related to neurotoxicity (16–18). 
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Physiology of the Blood-Brain Barrier (BBB)  

The BBB is a dynamic structure responsible for limiting the entry and exit of biological 
substances through the blood to maintain a homeostatic microenvironment through physical and 
biochemical barriers (19). It is composed of tight junction proteins, adherent junctions, pericytes, 
podocytes, and microvascular endothelial cells expressing flow transporters such as P-
glycoprotein, organic anion transporter polypeptide, breast cancer-resistant proteins, and multi-
drug resistance receptors to regulate substrate movement and modulate the distribution of 
ionized molecules larger than 180 Da, among which chemotherapeutic agents stand out (20–22). 
Therefore, therapeutic options and alternative administration routes emerge to improve the 
effectiveness of pharmacological therapies for central nervous system (CNS) tumor treatment 
(23). 

Superselective Endovascular Intra-Arterial Infusion 

Currently, technological advancements have created minimally invasive treatment alternatives 
using superselective microcatheters for endovascular drug infusion through perilesional 
intracranial arterial pedicles for neurological conditions, such as tumor lesions (24). 
Additionally, agents are needed that reversibly disrupt vascular permeability, enhancing 
pharmacological penetration, increasing the concentration gradient, membrane diffusion 
coefficient, and transfer coefficient, thus facilitating chemotherapeutic distribution across the 
BBB (25). The key characteristics of IA pharmacological administration encompass the 
molecular size of drugs and the infusion rate; therefore, greater advantages have been reported 
with pulsatile and slow infusion of therapeutic agents related to laminar arterial flow toward the 
tumor lesion, maximizing tissue distribution and minimizing toxicity (24). 

Osmotic agents: Rapport et al. (1972) documented for the first time the administration of 
hypertonic solutions as a disruptor method of the BBB through their administration into cerebral 
arteries, highlighting the use of mannitol primarily due to its favorable clinical outcomes (26,27). 
Between 1979 and 1981, clinical trials were conducted that demonstrated the physiological 
effects of its administration. Mannitol independently elevates the osmotic gradient, inducing 
endothelial dehydration and cell size reduction, facilitating openings between intercellular tight 
junction spaces, and transiently disrupting BBB permeability (28). Safe and effective therapeutic 
effects have been demonstrated in human studies with limited neurotoxic results (29–31). 
Therefore, the use of mannitol in patients with CNS-origin neoplasms successfully increases the 
permeability of chemotherapeutic agents up to 90 times (24,32). 

Focused Ultrasound: Focused ultrasound guided by magnetic resonance imaging (MRI) is a 
non-invasive technique used in brain tumors and neurodegenerative disorders to enhance the 
administration of biological therapies and intra-arterial chemotherapeutic agents (33). It employs 
intravenous injection of perfluorocarbon microbubbles, low-frequency sound waves, and 
electrical energy transduction that generates changes in the acoustic cavitation of microbubbles, 
causing a mechanical disruption of the BBB through vascular stretching, physical alteration of 
tight junctions, tension, and endothelial porosities that temporarily and reversibly facilitate 
molecular passage into the neural parenchyma without secondary damage. This technique is 
used in conjunction with MRI-type imaging studies to confirm therapy effects and the 
dimensions of BBB disruption (24,34,35). 

Thermal interstitial therapy with laser: This emerging minimally invasive technique involves 
the thermal ablation of tumor tissue and is used in clinical trials as a treatment for patients with 
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recurrent gliomas and lesions that are not amenable to standard open surgery. It employs YAG 
laser to induce tumor tissue necrosis through real-time thermotherapy and thermometry using 
MRI, leading to the destruction of the endothelial cell membrane and secondary disruption of 
the blood-brain barrier (BBB) for the administration of intra-arterial (IA) chemotherapeutic 
agents (23,36). 

IA Treatment for Gliomas: Recent studies have documented the use of drugs for the treatment 
of brain tumors with reduced efficacy in malignant gliomas due to their diminished sensitivity 
to chemotherapy (23). Table 1 summarizes the main chemotherapeutic agents administered via 
IA for the treatment of gliomas, highlighting their key characteristics and dosages. 

 

Medication Description 

 

 

 

Bevacizumab  

Monoclonal antibody inhibitor of vascular endothelial growth factor, 
approved by the Food and Drug Administration (FDA) for intravenous 
(IV) treatment in patients with primary and recurrent glioblastoma 
multiforme (GBM), demonstrated safety and efficacy either alone or 
in combination with chemotherapeutic agents. Systemic toxic effects 
are described, including gastrointestinal perforation, infections, 
venous thrombosis, and skin lesions. The average dose is 2-15 mg/kg 
(23). 

 

 

Carboplatine 

Platinum analog agent that binds to the N-7 position of guanine in 
DNA. It crosses the blood-brain barrier, exerting its action on recurrent 
malignant gliomas with moderate efficacy in monotherapy. The main 
documented side effect/toxicity is myelosuppression. Dosage varies 
across clinical studies and the target area, ranging between 100 - 1400 
mg/hemisphere (37). 

 

 

Cetuximab 

Recombinant human chimeric antibody that competitively inhibits the 
epidermal growth factor, FDA-approved for IA treatment of GBM. 
The main identified side effects are seizures and cerebral edema. The 
average dosage ranges from 100, 200, to 250 mg/m² (23). 

 

Nimustine 

Water-soluble nitrosourea compound used in high-grade malignant 
gliomas with limited effectiveness due to toxic effects on the 
hematopoietic system, leading to high rates of myelosuppression and 
neuropathies (38). 

 

Temozolomide 

DNA alkylating agent with potential to induce apoptosis in tumor cells, 
used in standard or adjuvant treatment for patients with malignant 
gliomas, showing benefits in survival rates for anaplastic tumors 
without 1p/19q codeletion, at doses of 75-250 mg/m² (39,40). 

 

 

Vincristine 

Alkaloid chemotherapeutic adjuvant agent for patients with low-grade 
gliomas. It induces cell death by binding to the mitotic spindle on the 
beta tubulin chain, leading to metaphase blockage. Dosages of 1.4 mg 
for 8 days followed by 2 mg until day 28 are described (37,41). 

Table 1. Chemotherapeutic Agents 

Early learning of these treatment alternatives could be facilitated through simulated training 
environments for postgraduate students in the field of neuroscience and minimally invasive 
procedures. This approach would enable safe practice in controlled settings, improving patient 



1226 Selective Intracranial Endovascular Chemotherapy 

Journal of Posthumanism 

 

 

safety standards and, in the medium and long term, enhancing the quality of life for individuals 
with these diagnoses (42). 

Conclusions 

The administration of intra-arterial chemotherapeutic agents constitutes a novel treatment 
modality for patients diagnosed with brain tumor lesions, among which glioblastoma multiforme 
stands out. The progress of modern medicine allows for minimally invasive management of this 
group of aggressively characterized tumor lesions, aiming to improve efficiency and reduce 
complication rates in recurrent or hard-to-reach cases, thus positively impacting survival and the 
quality of life of affected individuals. 
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