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High-grade glioma (HGG)'s treatment development is hampered by (1) the blood–brain barrier (BBB), (2) an

infiltrative growth pattern, (3) rapid development of therapeutic resistance, and, in many cases, (4) dose-limiting

toxicity due to systemic exposure. Convection-enhanced delivery (CED) has the potential to significantly limit

systemic toxicity and increase therapeutic index by directly delivering homogenous drug concentrations to the site

of disease.

glioblastoma  high-grade glioma  refractory glioma  convection enhanced delivery

neuro-oncology  refractory glioblastoma

1. Introduction

Glioblastoma (GBM) is the commonest malignant brain tumor of primary origin. Despite an annual incidence of less

than 10 per 100,000 people worldwide, this aggressive and invasive glioma has a devastating prognosis with a

current 1-year survival rate of 42.8% and 5-year survival rate at an abysmal 7.2% . Often characterized as

molecularly heterogenous tumors, the recent c-IMPACT-now consensus classified GBM as isocitrate

dehydrogenase (IDH)-wild type WHO grade IV glioma with microvascular proliferation, necrotic lesions, or

possessing > 1 of the following genetic alterations: TERT promoter mutation, EGFR gene amplification, +7/−10

chromosome copy number changes . The current standard of care consists of maximally safe surgical

resection with concurrent radiochemotherapy followed by at least 6 months of chemotherapy . Complete

resection of malignant tissue is limited by the highly invasive nature of this malignancy, thereby creating a reliance

to chemotherapeutic options such as temozolomide, which have traditionally been delivered systemically. The

restrictive blood–brain barrier (BBB) and toxicities from systemic delivery have limited therapeutic options.

2. Convection Enhanced Delivery

Developed in the 1990s by Bobo et al., CED is a unique infusion technique whereby pressure-driven catheters are

utilized to drive infusate directly into a localized area of parenchymal tissue within the central nervous system

(CNS) . This approach focuses on establishing a pressure rather than concentration gradient to enhance

therapeutic delivery. Traditional infusion techniques rely on diffusion primarily, necessitating large concentration

gradients to maximize molar flow as per Fick’s law. Alternatively, generating a pressure gradient allows infusate to

be distributed via bulk flow, where molar velocity is directly proportional to the pressure gradient as per Darcy’s law.

Clinical application involves stereotactically siting catheters via burr holes into malignant CNS tissues under
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magnetic resonance imaging (MRI) guidance. Catheters are then connected to extra-cranial infusion pumps to

establish a pressure gradient at the tips, distributing infusate into the tumor bulk by convective transport regardless

of molecular size. Thus, therapeutic agents can penetrate tissues in the order of centimeters within a pseudo-

spherical distribution from the catheter tip as opposed to only a few millimeters in diffusion-dependent infusion

modalities . Due to the steep pressure gradient generated, CED also increases peri-tumoral interstitial fluid flow

(IFF), which has been associated with altered molecular transport and extracellular matrix (ECM) rearrangement.

Computational modeling of IFF has thus been explored with varying success in light of its notable implications in

predicting molecular transport and maximizing therapeutic delivery .

By avoiding systemic exposure, the maximum tolerated dose is greater if delivered by CED compared to systemic

delivery . In spite of this, CED usually does not require as high a concentration as stereotactic injection to

attain therapeutic levels in affected parenchyma . However, this procedure is not without its caveats. The most

common limitations undermining previous CED trials consist of infusate reflux around the perimeter of catheters,

suboptimal catheter placement, use of non-specialized catheters, an inability to trace drug substances, and risks

relating to placing catheters (~1% risk of hemorrhage/catheter placed; ~5% risk of infection). Recent modifications

have addressed these issues and led to considerable improvements in pharmacokinetic and infusion parameters.

Notable adaptations involve co-administering drug products with contrast-enhancing agents, utilizing computer

software to optimize catheter placement, and design of specialized CED catheters to prevent infusate reflux and

leakage. An example of an infusion performed by CED visualized on MRI with co-convected contrast is shown in

Figure 1.

Figure 1. An example of an infusion performed by convection-enhanced delivery (CED) visualized on magnetic

resonance imaging (MRI) with co-convected contrast. Images were obtained with permission from Dr. Michael

Vogelbaum and Moffitt Cancer Center.

CED trial results have provided further insight into the efficacy and adverse effects possibly associated with this

delivery method.
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