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Glioblastoma (GBM) is a highly malignant brain tumour that arises 
from astrocytes or supportive brain tissue in adults. Although there 
are several therapeutic options, recurrence rates remain high with a 
5-year survival rate expectancy of less than 10%. This study 
investigates nanofibre meshes that allow long-term release of 
temozolomide (TMZ) over a 4-week period by controlling the fibre 
morphologies. The nanofibre meshes were fabricated by 
electrospinning of a biodegradable polymer, poly(ε-caprolactone) 
(PCL). The obtained meshes were flexible and implantable as a local 
intracranial drug delivery platform. The nanofibre meshes also carry 
magnetic nanoparticles (MNPs) that enable a combination therapy 
of hyperthermia/chemotherapy corresponding to alternating 
magnetic field (AMF). The heat generation behaviour of the 
nanofibre meshes were successfully adjusted in a hyperthermic 
temperature  range (~42.6oC). The TMZ/MNP-loaded nanofibre 
meshes showed a 76% reduction in the cell viability of GBM cancer 
(T98G) cells by the synergistic effect of hyperthermia and 
chemotherapy. These results indicated their potential applications as 
implantable intracranial drug delivery systems as an adjunct to 
surgery and radiation for GBM patients. 

 

 

 

1. Introduction 

  Glioblastoma (GBM) is the most common type of malignant tumour 
in the central nervous system (CNS), which arises from astrocytes or 
supportive brain tissue in adults. These tumours show a high 
proliferation rate and variability in histopathology and diffusely 
infiltrate adjacent brain tissue, making GBM a very challenging 
cancer to treat.1 Conventional therapeutic procedures, aiming to 
increase patient life expectancy, focus on surgical resection combined 
with adjuvant radiotherapy and/or orally delivered temozolomide 
(TMZ) chemotherapy.2 However, the efficacy of TMZ is very limited, 
mainly due to the development of resistance, allowing a prolonged 
survival time of 2 years for 10–27% of patients.3,4,5 Additionally, 
haematological toxicity often requires discontinuation of TMZ 
therapy or prevents dose escalation as dictated by the treatment 
schedule.6 Current anti-glioma therapies are not optimally efficient, 
mainly due to reduced accumulation of TMZ in tumours, systemic 
toxicity and limited diffusion through the blood–brain barrier (BBB).7 
A number of phase II clinical trials using different alternating 
scheduling of dose-dense TMZ have shown superior efficacy over the 
standard TMZ or historical controls with other alkylating agents, 
including nitrosoureas and procarbazine.8 Therefore, a need persists 
for the long-term local sustained release of TMZ, which is expected 
to reduce side effects by decreasing the systemic circulating dose. 
  Direct administration into the brain parenchyma of locally implanted 
drug delivery systems is a powerful strategy and several types of 
implantable drug delivery devices have been developed.9 Local 
delivery also preserves the drug activity and thus potency by avoiding 
degradation by the liver.10 Gliadel® wafers were implantable device 
and composed of biodegradable polymer, which can avoid a second 
surgery for the implant removal. Gliadel® wafers have been shown to 
release carmustine over a period of approximately 5 d. However, as 
much as 80% of carmustine is released within 24 h, and therefore, side 
effects frequently appear, such as seizures, brain oedema, incomplete 
wound healing, and intracranial infections.11,12 

In recent years, nanofibres have attracted much attention as 
implantable drug delivery platform owing to their large surface area 
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and high loading capacity. The use of a nanofibre meshes is a novel 
alternative method for the local delivery of chemotropic agents to treat 
GBM.13–15 Since chemotherapy is often scheduled for 4 weeks, the 
higher surface area of nanofibres can lead to the longer drug release 
compared to other drug formulations.13 Especially, electrospun 
nanofibres have many advantages compared to other polymer–drug 
combinational implants because it can achieve higher drug 
encapsulation efficiency.16–19 The drug release profiles can be easily 
designed by controlling the nanofibre diameter.20,21 Therefore, the 
optimisation of electrospinning parameters for the control of 
nanofibres’ diameter is significantly important.22 The electrospinning 
parameters usually include polymer weight, polymer concentration, 
solvent type, polymer solution viscosity, and conductivity etc. In 
addition, process variables need to be considered such as applied 
voltage, flow rate and tip-collector distance as well as ambient 
conditions such as temperature and relative humidity. 
We have been already developing nanofibre-based local drug delivery 
platform with different drugs such as methylcobalamin, paclitaxel, 
doxorubicin, and lenvatinib using biodegradable poly(ε-caprolactone) 
(PCL)-based electrospun nanofibre meshes.23–26 We have also 
successfully incorporated magnetic nanoparticles (MNPs) to generate 
localized heat which causes heat-induced cell killing as well as 
enhanced chemotherapeutic effect.25,26 Hyperthermia is an effective 
strategy for the treatment of various cancers.27,28 This strategy is also 
expected to work for GBM treatment. Therefore, we newly designed 
nanofibre meshes to achieve a sustained release of TMZ over a 4-
week period. The synergistic anticancer effect was also examined 
upon excitation of the MNP-incorporated meshes with an alternating 
magnetic field (AMF) (Scheme 1). This study presents new insights 
into an effective locally implantable system for GBM treatment. 

2. Materials and Methods 
2.1. Materials 
PCL (Mw=45k and 80k) (>99.0%), 
1,1,1,3,3,3-hexafluoro-2-propanol (HFIP) 
(>99.0%), and TMZ were purchased from 
Tokyo Chemical Industry Co., Ltd. (Tokyo, 
Japan). Iron (III) oxide nanoparticles 
(MNPs; less than 50 nm particle size) was 
obtained from Sigma-Aldrich Japan (Tokyo, 
Japan). Phosphate-buffered saline (PBS) 
was purchased from Nakalai Tesuque 
(Kyoto, Japan) (pH 7.4, 0.1% w/v). Roswell 
Park Memorial Institute (RPMI) 1640 
Media was obtained from Thermo Fisher 
Scientific (Massachusetts, USA). Trypsin, 
penicillin, and 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) 
assay reagent were obtained from Nacalai 
Tesque, Inc. (Kyoto, Japan). Foetal bovine 
serum (FBS) was purchased from Tocris 
Bioscience Inc. (Minneapolis, MN, USA). 
T98G human brain cancer cells were 
purchased from RIKEN BRC CELL BANK 
(RIKEN BRC) (Ibaraki, Japan). 
 
2.2. Fabrication and Characterisation of 
Nanofibre Meshes 

The PCL nanofibre meshes were fabricated according to our 
previously published procedure.25,26 Briefly, electrospinning 
solutions were prepared by dissolving PCL in HFIP at 
concentrations of 2.8, 4.2 and 8.0% (w/w(HFIP)) (Mw= 80k) or 8.4 
(w/w(HFIP)) (Mw= 45k), respectively. The MNPs and TMZ were 
dissolved in the PCL solution at concentrations of 10-30% and 
10% (w/w(PCL)), respectively. The nonwoven nanofibre meshes 
were produced through an electrospinning system (Nanon-01A, 
MECC Co., Ltd., Fukuoka, Japan). A positive voltage of 25 kV 
was applied to the polymer solution to overcome the liquid 
surface tension and enable the formation of a polymer jet. The 
nanofibres were collected on a collector plate 15 cm from the 
syringe needle. The flow rate was set at 1.0 mL/h, and the 
experiment was performed at room temperature. The 
morphology of the nanofibres was observed by scanning electron 
microscopy (SEM (S-4800), Hitachi High-Technologies 
Corporation, Tokyo, Japan, field emission scanning electron 
microscopy (FE-SEM) (S-8000) + energy dispersive X-ray 
spectroscopy (EDX), Hitachi High-Technologies Corporation, 
Tokyo, Japan) using secondary electrons after platinum (Pt) 
coating the surface of the nanofibres. The diameter of the 
nanofibres was determined using image analysis software 
(Image J). The chemical characteristic of the prepared nanofiber 
meshes were processed by the Fourier transform infrared 
spectroscopy (FT-IR, IRAffinity-1S, Shimadzu Corporation, 
Kyoto, Japan) (4000~400 cm -1). The loaded amounts of MNPs 
within the nanofibre meshes were determined by 
thermogravimetric analysis (TGA) in a temperature range of 25 
to 600°C at 10°C/min (TG/DTA6200, Hitachi High-

Scheme 1. Schematic illustration of smart nanofibre mesh loaded with MNPs and TMZ 
to treat GBM. The loaded MNPs generate heat in response to an alternating magnetic 
field, while the nanofibre allows for the sustained release of TMZ. Both the generated 
heat and released drug induce cancer cell death by the combination therapy. 
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Technologies Corporation, Tokyo, Japan,). The thermal 
properties of the PCL nanofibre meshes were characterised using 
differential scanning calorimetry (DSC) (7000X, Hitachi High-
Technologies Corporation, Tokyo, Japan,). All samples were 
heated to 200°C and cooled to 0°C. The DSC curves were 
obtained at a rate of 10°C/min.  
 
2.3. Heating Profiles for Nanofibre Meshes 
The heat generation behaviour of the nanofibre meshes was 
explored by AMF irradiation. Nanofibre meshes were placed in 
a customised copper coil that generated AMF (480 A, amplitude 
281 kHz frequency) with HOTSHOT 2 (Alonics Co., Ltd., 
Tokyo, Japan). The temperature of the nanofibre meshes was 
measured at a predetermined time interval by a forward-looking 
infrared (FL-IR) thermal camera (CPA-E6, FLIR Systems Japan 
K.K., Tokyo, Japan). Infrared thermal images were obtained for 
the nanofibre meshes loaded with 12.0 mg of MNPs under AMF 
irradiation for 15 min. Additionally, the time-dependent 
temperature changes of the the MNP-PCL nanofibre meshes with 
different amounts of MNPs during AMF irradiation were 
analysed.  
 
2.4. Drug Release Kinetics 
The release behaviour of TMZ from the nanofibres was assessed 
in phosphate buffered saline (PBS) solution with or without 
AMF irradiation. Nanofibre meshes (0.3 mg TMZ and 30 mg 
meshes for each piece) were immersed in 5 mL of PBS solution 
by shaking (at 100 rpm) at 37℃ for 28 d. The samples were 
exposed to AMF for 15 min every 3 d. At predetermined time 
intervals, 5 mL of PBS was withdrawn, and the same volume of 
fresh PBS was added. Subsequently, the absorbance (270 nm) of 
TMZ was measured using a Nanodrop (NanoDrop One C, 
Thermo Fisher Scientific, Wisconsin, USA). The accumulative 
releases of TMZ from the nanofibres were calculated according 
to their standard curves under PBS conditions. Known 
pharmacokinetic models, including zero order (Eq. (1)),29 
Higuchi (Eq. (2))30 and Korsmeyer–Peppas (Eq. (3)) 31 were used 
to analyse the release mechanism of TMZ from PCL nanofibres. 
The kinetic parameters were obtained by nonlinear regression 
using MATLAB software (The MathWorks Inc., MA, USA). 
Q = Q0 − K0t                                                                          (1)  

Q = KHt1/2                                                                              (2) 

Mt/M∞ = KKPtn                                                                       (3) 
where Q0 and Q are the initial TMZ content in nanofibres and 
TMZ released from nanofibres after time t, respectively. K0, KH 
and KKP are the constant parameters of the zero-order, Higuchi 
and Korsmeyer–Peppas equations, respectively. When n < 0.5, 
Fickian diffusion-controlled release is implied, while 0.5 < n < 
1.0 indicates non-Fickian release and 1 stands for zero order 
(case II transport). When the n value exceeds 1.0, it indicates 
super case II transport.  
 
2.5. Antitumour Efficacy  
T98G (human brain cancer cell line) was cultured in RPMI 
supplemented with 10% (v/v) FBS and 1% penicillin-
streptomycin under 5% CO2 at 37℃. T98G cells were plated in 

a 96-well plate at 1.0 ×105 cells per well and incubated for 24 h. 
Thereafter, the medium was replaced with fresh culture medium 
heated to 37℃ and supplemented with TMZ at the desired 
concentration. The cells were incubated for another 48 h. For the 
synergistic anticancer experiment, T98G cells were plated in a 
35-mm plate at 106 cells per well for 24 h. Subsequently, a piece 
of nanofibre mesh (40 mg weight, 30% MNPs, 10% TMZ, 1×1 
cm) was introduced to the 1 mL medium, which was exposed to 
AMF (480 A, amplitude 281 kHz frequency) for 15 min. The 
nanofibre mesh was immersed in the medium during treatment 
and  removed by sterilized tweezer from each plate after 48h.The 
culture medium was then removed and incubated in a medium 
containing 10% (v/v) MTT assay reagent for 4 h at 37℃ 
according to a protocol. Finally, the cell number was calculated 
according to the fluorescence intensity measured by a fluorescent 
plate reader (Infinite M Nano+, TECAN, Männedorf, 
Switzerland), and the average value was obtained from six 
measurements. Cell viability was expressed as a percentage of 
the control culture value. Untreated cells in the growth medium 
were used as controls. 
 
2.6. Statistical Analysis 
All experiments were performed three times, and the data are 
presented as means and standard deviations (SDs). Statistical 
analysis was conducted using Student’s t-test. The difference 
between the results was statistically significant for p < 0.05 (*), 
p < 0.01 (**) and 0.001 (***). 

3. Results and Discussion 
3.1. Fabrication of Nanofibre Meshes 

PCL is commonly used in biomedical applications as a 
biodegradable material and is approved by the U.S. Food and 
Drug Administration. Because of its biocompatibility, high 
hydrolytic activity and desirable processability, PCL is widely 
used for drug delivery and tissue engineering.32 Electrospinning 
is a simple and versatile technique used to fabricate nanoscale-
diameter nanofibres from various polymeric materials.33,34 We 
have previously reported several PCL nanofibre meshes loaded 
with therapeutic agents such as anticancer drugs24–26 and 
inactivated viruses.35 In this study, we fabricated the TMZ and 
MNPs loaded PCL nanofibre meshes by electrospinning. All of 
sample were sterilized by ethylene oxide gas (EOG) after 
electrospinning. 

Figure 1A(a–c) shows SEM images of various electrospun 
TMZ-loaded nanofibres of different diameters prepared by 
adjusting the concentration of PCL to 2.8, 4.2 and 8.0% (w/w) in 
HFIP. As shown in Figure 2A, the nanofibre diameters increased 
as the PCL concentration increased, and the average diameters 
of the various PCL-based nanofibres ranged from 280 nm to 
1800 nm. It has been reported that the increase in the viscoelastic 
force against axial elongation during electrospinning injection 
can increase the fibre diameter.36,37 From TGA measurement 
(Figure S1B), successful incorporation of MNPs were observed 
and the fibre diameters of MNPs-loaded nanofibre were almost 
constant (Figure S1A,C). Figure 1A(d,e) shows SEM images of 
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nanofibre meshes fabricated from PCLs with different molecular 
weights. Figure 1B shows the energy-dispersive X-ray 
spectroscopy (EDX) mapping of MNP/TMZ-PCL nanofibres. 
These images show the homogeneous distribution of MNPs 
(iron (Fe) element) and TMZ (nitrogen (N) element) in the entire 
meshes and show that TMZ and MNPs are encapsulated in the 
nanofibres. Figure 2B summarises the average diameter of the 
nanofibres of PCL with different molecular weights ranged from 
400 nm to 812 nm.  

The ultimate tensile strength (UTS) of 80k-PCL nanofiber mesh 
was around 2.67 MPa, in the samples of thickness 0.5mm, and 
width 50 mm. This result indicates that the mechanical stability 
of our meshes is flexible and tough enough to be manipulated 
and implanted by surgical tools. 

From the Figure 3, PCL-derived peaks C-O (2950 cm-1) and 
C=O (1730 cm-1) were observed in PCL nanofibre mesh. In 
addition, MNPs-derived peaks (Fe-O, 561 cm-1) and TMZ-
derived peaks (N-H, 3380, 3100 cm-1) were also observed in the 
PCL-MNPs-TMZ mesh. Therefore, we consider that MNPs and 

TMZ were present in PCL nanofibres while maintaining their 
chemical structures. 
 

3.2. TMZ Release Profiles and Kinetic Studies 
  Long-term release is difficult to achieve with nanoparticle-
based CNS drugs because the penetration efficiency of most 
CNS drugs into the brain parenchyma is rather limited due to the 
existence of the BBB.38 Compared to such nanoparticle-based 

Figure 1. (A). SEM images of PCL-based nanofibre meshes with different concentrations (a: 2.3 wt%, b: 4.2 wt%, c: 8.0 wt% of PCL 80k) and 
molecular weights (d: 45k, e: mixed 45k–80k). (B). SEM-EDX elemental mapping images of MNP/TMZ-PCL nanofibre. (FE-SEM (S-8000) + 
EDX, 10 kV, 10 eV). 

Figure 2. Average diameters of nanofibre mesh by (A) PCL 
concentration and (B) PCL molecular weight obtained using Image J. 
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drug delivery platforms, nanofibre meshes are characterised by a 
high drug-loading capacity and long-term sustained localised 
release. Therefore, this study focused on the sustained release of 
TMZ from nanofibre meshes. As shown in Figure 4A, PCL 45k 

nanofibre meshes showed an initial burst release of TMZ. On the 
other hand, PCL 80k nanofibre meshes achieved the sustained 
release over 2 weeks. This is because the number of OH-terminal 
groups inside the nanofibre increases as the PCL molecular 
weight decreases, which makes the nanofibre more hydrophilic 
allowing rapid TMZ release. This result indicates that drug 
release rate can be controlled by the molecular weight of PCL 
without incorporating any other additives. The PCL 80k 
nanofibre was used for the following experiments.  
As shown in Figure 4B, the release profiles of TMZ from 

nanofibre meshes with PCL of different fibre diameters showed 
that the TMZ release rate decreased as the fibre diameter 
increased. The results of fitted TMZ release data with kinetic 
models are summarised in Table 1. The Korsmeyer–Peppas 
model (R2 > 0.988) best described the TMZ release data from 
1800 nm PCL fibres (Figure 5A). In addition, the value of n 
increased with the nanofibre diameter, and TMZ was released 
following Fickian diffusion because n < 0.5. These results 
suggest that when the fibre diameter is small, the diffusion is the 
rate-limiting factor due to the increase in the specific surface area. 
In contrast, the rate-limiting factor is determined by the water 
molecules entering the nanofibre as the nanofibre diameter 
increases; thus, the TMZ release profile changes. The TMZ 
release data from the 1800 nm TMZ-loaded nanofibres showed 
good agreement with the Higuchi equation and reasonable 

Figure 4. TMZ release profiles from PCL nanofibre meshes with (A) different PCL molecular weights (45k, 80k), (B) different nanofibre 
diameters and (C) with or without AMF application. 

Figure 3. Chemical characteristics of the prepared nanofibers 
mesh by measuring FT-IR. 
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agreement with the zero-order equation (Figure 5B). These 
results indicate that the precise control of fibre diameter is 
important for the drug release profile from nanofibres. As shown 
in Figure 4C, MNP/TMZ-PCL nanofibres showed sustained 
release of TMZ. More than 30% of the content was released from 
MNP/TMZ-PCL in 7 d with or without AMF irradiation. It 
indicates that both MNPs and AMF irradiation did not affect the 
release of TMZ. Indeed, the melting temperature of PCL 
nanofibre meshes (59.6°C) is higher than the temperature 
increase by AMF application (42.6°C) as shown in Figure S2. 
Therefore, AMF application did not change the fibre 
morphology. 
 
3.3. Heat Generation Behaviours of Nanofibre Meshes 
 Magnetic hyperthermia is a type of hyperthermia that uses the 
heat generated by MNPs when applying AMF to treat 
tumours.27,28 The excellent tissue permeability of AMF makes it 
possible to respond precisely to tumours deep within organs. 
Therefore, it is important to measure the heating behaviours of 
MNPs in nanofibre meshes when AMF is applied. Figure 6A 
shows infrared thermal images of MNP-PCL nanofibre meshes 
with different MNP concentrations (10, 20 and 30 wt%) 
irradiated with AMF for 15 min. The temperature of the AMF-
irradiated MNP-PCL (30 wt%) mesh increased from 27.2℃ to 
42.6℃. Furthermore, the time-dependent temperature changes of 
PCL and MNP-PCL nanofibre meshes during AMF irradiation 
were analysed. Figure 6B shows that the temperature of the 
nanofibre meshes reached equilibrium after a rapid increase 

Figure 6. (A) Infrared thermal images of MNP-PCL nanofibre 
meshes with different MNPs concentrations during AMF 
application. (B) Heating profiles of MNP-PCL nanofibre meshes 
with different MNP concentrations during AMF irradiation at 
different times. 

Figure 5. TMZ release profiles from 1800 nm PCL/TMZ nanofibres and fitting data with (A) Korsmeyer–Peppas kinetic model and (B) 
Higuchi equation. 

                   
    

  

Table 1. 
Pharmacokinetic parameters for TMZ release from prepared nanofibres. 

Formulation Zero order Higuchi  Korsmeyer–Peppas 
 K0 (h−1) R2 KH (h−0.5) R2 n KKP R2 
280 nm 0.8202 0.5756 15.44 - 0.1312 42.32 0.8996 
680 nm 1.949 0.7547 13.17 0.9130 0.4129 16.78 0.9316 
1800 nm 1.385 0.9447 9.325 0.9827 0.4300 11.35 0.9950 
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during the first 90 s of AMF irradiation. The temperature of the 
PCL mesh did not change significantly within 300 s. On the other 
hand, the temperature of the mesh loaded with 30 wt% MNPs 
increased to over 43℃ in 300 s. Thus, the temperature of the 
MNP-loaded nanofibre meshes varied with concentration. Since 
the melting temperature of PCL nanofibre meshes is 59.6°C 
(Figure S3), their fibre morphology can be maintained at 
approximately 45°C. Therefore, we can apply AMF repeatedly 
to raise the temperature of the nanofibre meshes to treat localised 
hyperthermia. Although eddy currents caused by magnetic fields 
are known to have some effect on tissues and organ systems such 
as carbonisation and necrosis, we used only 281 kHz which is 
much lower than the safe frequency threshold for AMF (100–
300 kHz).40  
 
3.4. Anticancer Effects of Nanofibre Meshes 

  The viabilities of the T98G cells via TMZ concentrations are 
shown in Figure S4. The 50% inhibiting concentration (IC50) of 
TMZ to T98G cells was determined to be 613 μg/mL. The 
different release profiles of TMZ depending on nanofibre 
diameter and PCL molecular weight were evaluated by T98G 
cell viability. As shown in Figure S5, cell viability decreased 
with increasing nanofibre diameter and with decreasing PCL 
molecular weight, consistent with the TMZ release amounts 
shown in Figure 4A, B. 

It is known that the combination of chemotherapy and 
hyperthermia enhances the therapeutic effect because the 
anticancer drug is more easily taken up by cancer cells due to the 
heat. 27,28 Here, we evaluated the synergistic anticancer effect of 
hyperthermia using TMZ by the survival rate of T98G cells. As 

shown in Figure 7, the PCL nanofibre meshes without drugs as 
controls maintained nearly 100% cell viability, indicating that it 
is non-toxic to T98G cells. The TMZ-loaded nanofibre meshes 
and MNP-loaded nanofibre meshes each showed a 36% 
reduction in cell viability, indicating anticancer effects, while 
nanofibres loaded with both TMZ and MNPs showed a 76% 
reduction in cell viability and a higher anticancer effect 
compared to MNP-loaded nanofibre meshes and TMZ alone. 
Thus, MNP/TMZ nanofibre meshes killed more T98G cells 
compared to the control by the combined effect of TMZ and 
heating. Thus, these nanofibre meshes are expected to be an 
implantable therapeutic material that enables combined 
hyperthermia/chemotherapy to treat GBM. 

4. Conclusions 
In this study, we fabricated novel PCL-based nanofibre meshes 
with MNPs and TMZ to achieve a combination therapy of 
hyperthermia and chemotherapy for the treatment of GBM. The 
nanofibre meshes were fabricated using an electrospinning 
method, and MNPs and TMZ were successfully incorporated in 
PCL nanofibres. The sustained release profiles of TMZ from the 
nanofibres for 4 weeks were favourable for the long-term 
maintenance of an effective drug concentration in the tumour site. 
We confirmed that the TMZ release profiles were successfully 
controlled by adjusting the fibre diameters, and the release rate of 
TMZ decreased with increasing the fibre diameter, achieving long-
term sustained release. In in vitro experiments, the MNP/TMZ 
nanofibre meshes efficiently induced cell death through the 
synergistic anticancer effect arising from hyperthermia and TMZ 

chemotherapy. Given the lack of reports on 
brain tumour treatment materials containing 
the anticancer drug TMZ and MNPs in 
nanofibre meshes, we believe that this 
nanofibre mesh, which can be used in 
combination with chemotherapy and 
thermotherapy, fills this gap as a potential 
breakthrough treatment material that could 
replace the existing Gliadel® wafers. 
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