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a b s t r a c t 

Glioblastoma (GBM) is a highly infiltrative brain tumor. The treatment of GBM is challenging 

due to the existence of blood brain barrier, its highly invasive nature, and its heterogeneity. 

Given the limitations of conventional therapies, this Perspective explores the development 

trajectory of implantable devices, highlighting the advantages of current models. With the 

progression in research, these implantable devices certainly hold promising potential for 

GBM therapy. 

© 2025 Shenyang Pharmaceutical University. Published by Elsevier B.V. 
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Glioblastoma (GBM) is a highly diffuse and infiltrative
brain tumor. The annual incidence of primary malignant
brain tumors is approximately 7 per 100,000 individuals,
with GBM accounting for about 49% of these cases [ 1 ].
The highly invasive nature of GBM leads to a high rate
of postoperative recurrence, resulting in an overall survival
rate of only two years. The standard clinical treatment
for GBM is the surgical resection combined with the
synergistic chemoradiotherapy. However, the efficacy of GBM
treatment is challenged by the following four issues: (1) the
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intricate anatomical location of tumor limits the precision of
neurosurgical excision; (2) the invasiveness into the healthy
brain tissue and high heterogeneity lead to the resistance
against traditional therapies; (3) the pathologically abnormal
tumor microenvironments reduce the efficacy of various
innovative treatments; and (4) the blood−brain barrier (BBB)
hinders the intratumoral accumulation of bioactive agents
[ 2 ]. Implantable devices have been developed as a more
clinically applicable solution by enabling the local long-term
delivery of active agents directly within the tumor resection
rsity.
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Scheme 1 – Historical development timeline of implantable devices for resected GBM therapy. 
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avity, thereby bypassing the challenges posed by the specific 
athological features of GBM [ 3 ]. Advances in materials and 

echnology have progressively enhanced the variety and 

fficacy of implantable devices for GBM therapy ( Scheme 1 and 

upplementary Tables S1 and S2). 
Gliadel®, initially reported in 1991 as a carmustine implant,

as approved for market in 1996 as a chemotherapeutic 
ormulation with an excipient of 1,3-bis(p-carboxyphenoxy) 
ropane−sebacic acid poly(anhydride) copolymer for the 
reatment of brain tumors, particularly GBM. Gliadel® is 
 biodegradable wafer implanted directly into the GBM 

esection cavity, designed to release carmustine over 3 
eeks continuously. During surgery, up to eight wafers can 

e placed within the resection cavity to bypass the BBB 

nd maintain a high local drug concentration [ 4 ]. Patients 
reated with Gliadel® experienced lower systemic toxicity and 

ore prolonged overall survival than those receiving placebo 
afers. However, due to its rigid composition, Gliadel® does 
ot conform well to the postoperative anatomical cavity,
otentially leading to severe complications, such as cerebral 
dema, meningitis, cerebrospinal fluid leakage, intracranial 
ypertension, and epileptic seizures. The displacement of 
liadel® wafers also causes brain scarring and inflammation. 

f the wafers obstruct the ventricular system, obstructive 
ydrocephalus may occur. Moreover, a small resection cavity 

imits the quantity of Gliadel®, preventing the accumulation 

f an effective drug concentration. As a result, the use 
f Gliadel® has been progressively abandoned in clinical 
ractice. Similarly, other products entering clinical trials, such 

s OncoGelTM and CuboSphereTM , were terminated due to 
 lack of improvement in overall survival or insufficient 
ecruitment of volunteers. 

To overcome the drawbacks of Gliadel® and other 
mplantable products, the next generation of implantable 
evices has focused on applying advanced biomaterials and 

icrofabrication techniques. These biomaterials offer an 

xcellent capacity for sustained drug release and superior 
iocompatibility, biodegradability, and mechanical stability.
n GBM therapy, implantable biomaterials can be designed 

o encapsulate various therapeutic agents, particularly 
hose that face challenges in crossing the BBB, including 
hemotherapy drugs, proteins, peptides, nucleic acids,
mmunotherapy agents, and so forth, based on distinct 
reatment requirements, as listed in Supplementary Table 
1. The smart biomaterials-based implantable devices 
chieve stimuli-responsiveness and targeting capabilities 
y incorporating various components. The microfabrication 

echniques enable the direct production of various micron- 
ized implantable devices with superior precision, excellent 
ontrollability, and on-demand configuration capabilities,
aking them an ideal choice for orthotopic GBM therapy. For 

xample, implantable pumps sustain real-time drug delivery 
ithin the postoperative cavity through convection-enhanced 

elivery. 
The implantable device facilitates the delivery of 

rugs with shorter half-lives, such as proteins, peptides,
nd nucleic acids, significantly broadening the range of 
vailable treatment options. Microchips utilize an array of 
eservoirs to load various drugs and employ a pump to 

odulate the release curve of distinct medications. Those 
quipped with penetrating microelectrode arrays ascertain 

rug release conditions by recording neural signals in 

he brain. Microcapsules encapsulate drugs directly and 

egulate their release rates by adjusting the dimensions 
f release orifices. Additionally, the binding mode—
hether physical or chemical—between the microcapsules 

nd drugs further affects the release rate and control 
f drug delivery. Furthermore, various combinations of 
icrocapsules adjust the release of distinct drugs at 

ifferent stages of disease progression, reducing dosing 
requency. Microneedles adhere closely to the postoperative 
lioma cavity, preventing the rebound effect of implants 
n the brain tissue and substantially enhancing drug 
oncentration near the wound, facilitating the elimination 

f residual glioma cells. The comparison of advantages and 

imitations of various implantable devices are discussed 

n Supplementary materials and shown in Supplementary 
able S2. 

The advanced biomaterials-based implantable devices 
or postoperative GBM therapy offer unique advantages but 
ose challenges in the clinical applications. These challenges 
ay stem from a lack of comprehensive consideration 

f the physical, chemical, and biological properties of 
he implants during their design. (1) The stiffness of 
mplantable biomaterials influences the behaviors of 
lioma cells. Recent studies have indicated that when 
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the implantable devices are stiffer than normal brain tissue,
this enhances the proliferative and migratory capabilities
of glioma cells [ 5 ]. Conversely, softer devices failed to
provide sufficient adhesiveness, resulting in a lack of
tumor-targeted drug accumulation. (2) Non-injection and
non-deformable biomaterials may induce inflammation
and brain scarring due to the physical damage incurred
during the implantable operation and device dislodgement.
Insufficient adhesive properties also result in drugs being
unable to penetrate to the expected depth, as glioma cells
tend to infiltrate into normal brain tissue up to 2−3 cm. (3)
The long-term presence or non-degradability of materials
also leads to neuronal death and loss of brain function. For
biodegradable biomaterials, the accurate characterizations
of the behavior of various biomaterials in vivo are crucial
for controlling degradation rates, ensuring therapeutic
efficacy, and minimizing inflammatory responses during
the breakdown process. (4) Most materials cannot regulate
the immune microenvironments in GBM. Within glioma
masses, 70% comprise non-functional macrophages and
microglial cells, severely impeding the effectiveness of
drugs. Hence, activating the dynamic balance of immune
microenvironments may be crucial in preventing recurrence.
Subsequent designs of implantable devices for glioma must
consider the abovementioned parameters to enhance the
therapeutic efficacy. 

Innovative implantable devices have been explored for the
treatment of GBM. For example, a self-powered and wirelessly
controlled gas therapy device was developed to deliver nitric
oxide and inhibit GBM growth and recurrence. In addition, a
near-infrared activatable up-conversion nanoparticle implant
enhanced the efficacy of photodynamic therapy. The role
of implantable devices extended beyond direct therapeutic
purposes in GBM. Using implantable ultrasound devices
to control the opening of BBB represents a unique drug
delivery strategy [ 6 ]. In brain capillaries, microbubbles
oscillate in response to ultrasound stimulation, generating
mechanical stress on the endothelial wall that facilitates
BBB opening. Furthermore, implantable devices encapsulating
contrast agents and chemotherapeutic drugs enabled real-
time monitoring of therapeutic effectiveness. Guided by these
principles, implantable devices are expected to emerge as
promising weapons in treating GBM. 
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