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Abstract: The most common primary malignant brain tumors in adults are gliomas. Glioblastoma
is'the'most prevalent tumor stibtype. Current standards for the treatment of glioblastoma include a
combination of surgical, radiation, and drug therapy methods. The drug therapy currently includes
temozolomide (TMZ), an alkylating agent, and bevacizumab, a recombinant monoclonal IgG1 anti-
body that selectively binds to and inhibits the biological activity of vascular endothelial growth fac-
tor. Supplementation of glioblastoma radiation therapy with TMZ increased patient survival from
12.1 to 14.6 months. The specificity of TMZ effect on brain tumors is largely determined by special
aspects of its pharmacokinetics. TMZ is an orally bioavailable prodrug, which is well absorbed from
the gastrointestinal tract and is converted to its active alkylating metabolite 5-(3-methyl triazen-1-
yl)imidazole-4-carbozamide (MTIC) spontaneously in physiological condition that does not re-
quire hepatic involvement. MTIC produced in plasma is not able to cross the BBB and is formed
locally in the brain. A promising way to increase the effectiveness of TMZ chemotherapy for glio-
blastoma is to prevent its hydrolysis in peripheral tissues and thereby increase the drug concentra-
tion in the brain that nanoscale delivery systems can provide. The review discusses possible ways
to increase the efficacy of TMZ using nanocarriers.

Keywords: glioblastoma, temozolomide (TMZ), MTIC, nanocarriers, drug delivery systems, nano-
particles (NP)

1. Introduction

Primary malignant and benign tumors of the CNS (CNS PTs) account for about 2%
of all human tumors, or, according to (CBTRUS, 23.41 cases per 100,000 population.
Among the CNS PTs, meningiomas (35.6%, with only 1% of them being malignant) and
gliomas (35.5%, with 14.6% of the total number of primary brain tumors being glioblasto-
mas) predominate. Pituitary tumors account for 15%, neuromas of the eighth nerve — for
8% of the total number of brain tumors [1].

The most common primary malignant brain tumors in adults are gliomas, which ac-
count for 81% of all malignant brain tumors. They can develop anywhere in the central
nervous system, but are mainly found in the brain and glial tissue [1]. Although these
tumors are usually malignant, some types do not always behave as malignant ones. It is
the second most common form of cancer (after leukemia) in children and teenagers [2].

Gliomas originate from astrocytic, oligodendrocytic, or a mixture of these two types
of cells, and are usually classified according to the International Classification of Cancer
Version 3 (ICD-O-3) and the World Health Organization (WHO) Grade [3]. Grades I-IV
of the WHO classification are characterized by malignant behavior. The most common
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histological types of gliomas in adults include astrocytoma (grades I-1V), oligodendrogli-
oma (grades II-III), and oligoastrocytoma (grades II-1II). However, there is no consensus
on gliomas as a larger class of histology, which may complicate comparisons between
studies [1,3]. This review primarily covers the recent (2002-2013) studies of selected risk
factors in the epidemiology of glioma in adults (age 220 years), with the exception of ep-
endymomas, which are extremely rare [4].

Patient survival after diagnosis of glioma varies widely. Thus, oligodendroglioma, a
diffuse infiltrative and highly differentiated glioma built from tumor cells morphologi-
cally similar to oligodendroglia, has increased chances of patient survival when accompa-
nied by the 1p/19q deletion and absence of P53 expression [5]. Prognostic factors for pa-
tients with glioma are: age (after 40 years, the prognosis decreases with age), score on the
Karnofsky scale, tumor volume, tumor localization in vital structures, foci of contrast ac-
cumulation in the tumor according to the MRI of the brain [6,7]. According to Wanis et al.
(2021), between 1995 and 2017, 133,669 cases of primary brain tumors in adults were rec-
orded in England. Glioblastoma was the most common tumor subtype (31.8%), followed
by meningioma (27.3%). The age-standardized incidence of glioblastoma increased from
3.27 per 100,000 population per year in 1995 to 7.34 in men in 2013 and from 2.00 to 4.45
in women. The incidence of meningioma also increased from 1.89 to 3.41 per 100,000 in
men and from 3.40 to 7.46 in women. The incidence of other astrocytic and unclassified
brain tumors decreased between 1995 and 2007 and has remained stable thereafter. This
increase in the incidence of brain tumors can be attributed to several reasons. The most
probable factor is the improvement in the diagnosis of brain tumor diseases due to the use
of new diagnostic tools, molecular tests, as well as the optimization of organizational and
statistical methods of oncological service registration [8]. The increase in the incidence of
glioblastoma, the most aggressive form of malignant brain tumor, makes the task of ade-
quate effective treatment extremely urgent.

2. Treatment options of glioblastoma

Currently, standards for the treatment of glioblastoma include a combination of sur-
gical, radiation, and drug therapy methods [9,10].

In surgical treatment, diffuse infiltration of invasive GBM cells, which prevents com-
plete resection of cancerous tissue, makes tumor recurrence almost inevitable. That is why
pharmacotherapy is currently a necessary component of GBM combination therapy. The
drug therapy currently includes temozolomide (TMZ), an alkylating agent, and bevaci-
zumab, a recombinant monoclonal IgG1 antibody that selectively binds to and inhibits the
biological activity of vascular endothelial growth factor. According to Stupp et al. (2005),
supplementation of glioblastoma radiation therapy with TMZ increased (patient strvival
from 12.1 to 14:6 months [11,12]. These results indicate the possibility of slowing down
glioblastoma development by means of drug therapy. However, the severity of the con-
dition and the efficacy characteristics of existing drugs indicate the need to search for fun-
damentally new methods of drug therapy for glioblastoma [13].

The main obstacle to expanding the range of anticancer drugs for the successful phar-
macological treatment of tumors of the central nervous system (CNS) is the presence of
the blood-brain barrier (BBB), which prevents the passage of most anticancer agents, both
hydrophilic and lipophilic, into the CNS [14,15]. Hydrophilic compounds leave the vas-
cular bed of the capillaries of peripheral tissues due to paracellular transport, which is not
possible in the capillaries of the cerebral vessels because of existence of tight junctions
between endothelial cells. Many lipophilic compounds that penetrate into the BBB-form-
ing endotheliocytes through luminal bilayer become a substrate for P-glycoprotein (Pgp;
MDR1; ABCB1) expressed in the apical membrane of these cells. TMZ is one of the few
anticancer drugs capable of overcoming multiple BBB obstacles [16,17,18].
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3. Temozolomide (TMZ): efficacy and metabolism 97

TMZ is a potent radiosensitizer and a key component of chemoradiation therapy for 98
patients with newly-diagnosed glioblastoma. The efficacy of TMZ for the treatment of 99
GBM is limited. This is partly due to the high level of DNA repair activity of ©@6-methyl- @100
guanine-DNA methyltransferase (MGMT) in tumor cells, which transfers the methyl 101
group to the internal cysteine acceptor residue and reduces the effect of the alkylating 102
agent. Unfortunately, other established mechanisms contribute significantly to the devel- 103
opment of TMZ resistance (overexpression of epidermal growth factor receptor (EGFR), 104
galectin-1, murine double minute 2 (Mdm?2), and p53 gene mutation [19,20,21,22]. A prom- 105
ising way to increase the TMZ efficacy is to include it in nanostructures that can protect 106
TMZ in the blood and penetrate through the BBB. As stated above, TMZ is stable in acidic =~ 107
medium, but at neutral pH or pH >7 it decomposes to active metabolite MTIC [23,24]. In 108
contrast, MTIC is stable in alkaline medium, but rapidly fragments in a methylating mode 109
at pH<7 [21,24]. Thus, TMZ, but not MTIC, is able to cross the BBB to the brain, where it 110
will be hydrolyzed to MTIC [25,26]. An increase in the half-life of TMZ in the blood under 111
physiological conditions will result in greater accumulation of TMZ in the brain, and, as 112
a consequence, in the GBM region, before its transformation to MTIC. Consequently, the 113
drug will be more efficacious, and lower doses could be used to maintain the current TMZ 114
therapeutic level. This would make chemotherapy more optimistic and reduce side effects 115

and toxicity, increasing patients’ lifespans [23,24]. 116

In order to protect the prodrug (TMZ) from degradation in peripheral tissues, poly- 117
mer complexes can be used to limit its contact with surrounding tissues. 118
4. Nanoscale delivery systems 119

The idea of drug delivery with the help of nanocarriers originated at the beginning 120
of the 20th century, and in 1974 Professor Gregory Gregoriadis proposed inclusion of ther- 121
apeutic substances into liposomes, which paved the way for the use of liposomal nano- 122
containers. Over the past decades, there has been a breakthrough in the field of targeted 123
transportation of pharmaceutical substances via nanotechnology. At present, there are 124
many multifunctional forms of nanoparticles that can deliver a medicine, such as te- 125
mozolomide, to certain target cells. TMZ enclosed in a nanocarrier can overcome the BBB, 126
while exerting less toxicity on healthy tissues [27,28]. Nanotransporters can be divided 127
into classes that differ in their physical, chemical, and biological properties: 128

* metal nanoparticles (gold, silver, zinc oxide) 129

*polymer  carriers (polymer micelles, polymer nanoparticles—chitosan, 130
polymethylacrylate; nanospheres, nanocontainers, nanoglobules, dendrimers, nanoconju- 131

gates, polymerosomes) 132
* carbon nanotubes 133
* quantum dots 134
* lipid systems (solid lipid nanocarriers, cationic/anionic liposomes) 135
* nanoemulsions (cubosomes of 50-700 nm), etc. 136

In this review, we consider advantages and disadvantages of various nanoparticle 137
systems, the possibility of including TMZ in their structure, experimental evidence of us- 138
ing this antitumor agent as part of nanotransporters, and effectiveness of this approachas 139
compared to the free form of delivery. 140

Among all other lipid nanocarriers, liposomes have the greatest potential for clinical 141
use. They are small spherical vesicles consisting of cholesterol and a phospholipid bilayer 142
that closes on itself. Thus, a hollow shell structure with an aqueous core is formed, which 143
can encapsulate both hydrophilic and lipophilic drugs. The lipid layer prevents the deg- 144
radation of the encapsulated drug, and also protects the surrounding tissues from its ef- 145
fects [29,30,31]. Liposomes have exceptional mechanical strength and flexibility, similar to 146
lysosomes, which account for their low toxicity, good biocompatibility, and a tendency to 147
physiological decomposition. The most suitable method suggested by scientists to obtain 148
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liposomes loaded with temozolomide (TMZ-liposomes) is reverse phase evaporation 149
(REV), since TMZ is thermosensitive (decomposes above 45°C) [30]. This method allows 150
for capturing of a high dose of the substance (54.02 + 2.001%), and ensures its long-term 151
release. It is noteworthy that the ability of TMZ to cause hemolysis of red blood cells is 152
eliminated in the composition of liposomes [30]. 153
To protect liposomes from phagocytosis in the reticuloendothelial system, their sur- 154

face is modified with hydrophilic polymers, such as polyethylene glycol — the process 155
called pegylation. Pegylated liposomes accumulate in the blood and brain, and the drug 156
concentration increases by 1.6 and 4.2 times, respectively [31] (figure 1). 157
158
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Figure 1. PEG-liposomes. 181
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M. Gabay et al. reported that conjugation of a TMZ liposome with a brain-specific 183
peptide (1,2-dioleoyl-sn-glycero-3-succinate-Cys-His-Leu-Asp-Ile-Ile-Trp-COOH) pro- 184
vides a greater passage of the transport system through the BBB than a free drug. Liposo- 185
mal targeted therapy with temozolomide demonstrated a significant increase in survival 186
in'mice, life'expectancy increased by 62%: This approach makes it possible to reduce the 187
dose of the drug and suppress the development of drug resistance [32]. 188
Despite the increased effectiveness in comparison with traditional methods of drug 189
delivery, and the promising properties of liposomes, there is still no FDA-approved clin- 190
ical liposomal product for the treatment of CNS pathologies. This is due to spontaneous 191
factors that cannot be embraced by studies [29]. 192
It is worth mentioning the method of direct infusion of a medicinal substance under 193
controlled pressure by placing a microscopic catheter in the area of the brain tumor — Con- 194
vection-Enhanced Delivery (CED). TMZ encapsulated in liposomes is purposefully in- 195
jected into the interstitial fluid of the brain, leading to increased TMZ accumulation in the 196
tumor focus and decreased systemic toxicity of the drug. This strategy gives a 100-fold 197
increase in the intraparenchymal concentration of drugs, as compared to the intranasal 198
and intravenous methods of administration [33]. The physico-chemical characteristics of =~ 199
liposomes affect the degree of absorption of drugs and the nature of their release. The 200
pharmacological activity of these nanotransporters also depends on their surface charge: 201
the cationic surfaces of liposomes easily interact with anionic charged cell membranes due 202
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to greater affinity [34,35]. This leads to the accumulation of the drug and positive protons 203
in the lysosomes of cells, their acidification and further lysis with the release of lysosomal 204
content [36]. Thus, pegylated liposomes are the most effective ones, since they are better 205
protected from endogenous degradation thanks to polyethylene glycol. The most prom- 206
ising administration method is invasive direct infusion, enhanced by convection. It should 207
be added, that the ability of liposomes to aggregate and hydrolyze can be eliminated by 208
creating proliposomes that differ in their smaller size, greater stability and solubility 209
[37,38,39,40]. However, this class of nanotransporters has not been sufficiently studied yet, 210
and further research is required in this field for their full-fledged internationally approved 211
clinical use. Other types of nanotransporters are solid lipid nanoparticles (SLNs) and 212
nanostructured lipid carriers (NLCs). SLNs are aqueous colloidal dispersed particles con- 213
sisting of a solid lipid core stabilized by surfactants. They are non-toxic, biodegradable, 214
but are inferior to NLCs in terms of drug encapsulation efficiency and stability. NLCs are 215
a new generation of SLNs, in which the solid core is replaced by the liquid one. Given the = 216
high lipophilicity of TMZ, the researchers suggested that NLCs would be a more accepta- 217
ble system for transporting the drug due to its expected greater solubility in the liquid 218
core. The described advantages made it possible to significantly increase the amount of 219
substance encapsulated by NLC transporters [40]. According to experimental data, te- 220
mozolomide contained in solid lipid nanoparticles (TMZ-SLN) is less effective than that 221
enclosed in the structure of nanolipid carriers (TMZ-NLC) [41,42]. SLNs included stearic =~ 222
acid and soy lecithin (stearic acid and soya lecithin), NLCs were made by modifying SLNs 223
using polyoxyl castor oil and soy phosphatidylcholine (Cremophor ELP and SPC). NLCs 224
outperformed SLNs in all parameters: NLC size was only 120 nm, compared to larger 225
SLNs (180 nm); TMZ capture reached 90% in the case of NLCs and only 80% in SLNs; the 226
IC50 value was less in NLCs — 0.55 microns (compared to 5.26 microns in SLNs); in addi- 227
tion, an exceptionally long TMZ release of 48 hours was observed in the NLC system. 228
Based on the data obtained, the scientists concluded that TMZ-NLC was the preferred 229
option in the treatment of glioblastoma. Furthermore, the addition of chitosan to nano- 230
lipid carriers increased the diffusion of the drug through the mucous membranes during 231
intranasal administration, because of interaction between the positive charge of the chi- 232
tosan amino group and the negative charge due to salicylic acid of epithelial cell mem- 233
branes [43,44]. This makes it possible to increase TMZ accumulation in the required region = 234
and, therefore, to reduce the dose of the loaded drug and, consequently, its toxicity [29,45]. 235

Polymeric nanoparticles (PNPs) and copolymer based nanocarriers have proven to 236
be promising methods of TMZ delivery. These are solid colloidal particles ranging in size =~ 237
from 100 to 200 nm, capable of targeted transportation of the captured drug into the tu- 238
mor. These systems can be obtained naturally and synthetically, and one of them —a pol- 239
ymer based on lactic-co-glycolic acid (PLGA)eis approved by the USFDA. Temozolomide 240
was loaded into a PLGA-NP, then the resulting prefabricated particles were placed in a 241
thermoreversive hydrogel system, which contributed to the manifestation of thixotropic 242
properties of nanoparticles. The sol-gel transition is aimed at a well-controlled release of 243
the drug by increasing TMZ half-life. The action of PNPs has also been demonstrated in 244
the work by Tian et al. by noninvasive enhanced delivery of TMZ to the brain [11]. The 245
researchers used a biodegradable, minimally toxic polymer polybutyl cyanoacrylate 246
(PBCA) due to its biocompatibility. When modified with polysorbate 80 surfactant by 247
emulsion polymerization, more “mobile” PBCA-TMZ NPs with a size of 135+ 11 nm were 248
obtained. The authors compared the release of NPs without the drug and NPs loaded with 249
TMZ. The following results were received: the effective encapsulation (EE) was 44.23 + 250
2.04%, drug loading was 2.80 + 0.05%. Despite the release of 80% of TMZ an hour after 251
intravenous administration, the overall decapsulation was delayed. In the next 24 hours, 252
it averaged only about 63% for PBCA-TMZ and PBCA-polysorbate-80 encapsulated TMZ 253
[46] (figure 2). 254

255
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However, surfactants are rapidly degraded even before the BBB is reached with in- 268
travenous administration. Kudarha et al. worked on this problem by modifying albumin 269
nanoparticles with TMZ by conjugating them with hyaluronic acid (HA-TMZ-NPs). The 270
researchers achieved a significant accumulation of TMZ due to receptor interaction and 271
caveol-mediated endocytosis through BBB tissues [47]. According to the available data, 272
there is a successful experience in using TMZ as part of supermagnetic nanoparticles, 273
which showed a high degree of drug setting and encapsulation, as well as a long release 274
period (90% of temozolomide was released for about 21 days). PLGA was used as the basis 275
for supermagnetic nanoparticles with temozolomide. In addition, there are data that sug- 276
gest a good potential of supermagnetic iron oxide particles [48,49,50]. 277
Targeted transportation can be improved by attaching transferrin receptor (TF) lig- 278
ands to TMZ-NPs located on the surface of the endothelial membranes of the brain capil- 279
laries. Receptor-mediated endocytosis makes it possible to transport temozolomide to a 280
specific focus of interest to clinicians. CD44 receptors, which are actively expressed in gli- 281
oblastoma tumor cells, belong to a similar “auxiliary tool”. Therefore, albumin nanopar- 282
ticles connected to chondroitin sulfate (CD44 receptor ligand) have proved to be no less 283
effective as TMZ transporters. A comparative study of TMZ release from nanoparticles 284
and nanoparticles conjugated with chondroitin sulfate showed a longer period of drug 285
release from nanotransporters with CD44 receptor ligands, which amounted to 26%, 32%, 286
and 42% at 2 h, 24 h, and 48 h respectively [51]. Another example is a magnetic nanopar- 287
ticle made of three polymers: Poly (ethylene Glycol)-Poly (Butylene Adipate)-Poly (eth- 288
ylene Glycol) combined with folic acid. The three-component polymer confirmed the as- 289
sumption of high efficiency in terms of high and specific accumulation of TMZ in glio- 290
blastoma C6 cells, mainly due to the folic acid ligand, whose receptors appear in increased 291
quantities on the surface of tumor cells. The modification of nanoparticles with folic acid =~ 292
increases cellular uptake of drug transport systems by 2.5 times (P < 0.0001) [52]. 293
In physiological conditions, TMZ undergoes rapid degradation due to its hydrolytic 294
instability. This leads to the reduction of its half-life (1.8 h), and, consequently, to a de- 295
crease in the therapeutic effect and a subsequent higher frequency of drug administration. 296
There are many strategies for TMZ stabilization, including its co-crystallization with or- 297
ganic acids, biocompatible polymer frameworks, and encapsulation in nanotransport sys- 298
tems. Di Martino et al. created a transport system of amphiphilic nanoparticles based on 299
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chitosan and carboxy-enriched polylactic acid, which demonstrated stability both in acidic ~ 300
(pH 5.5) and neutral (pH 7.4) environment [53]. 301

According to another research, metal nanoparticles have the necessary properties to 302
perform the role of transporters of therapeutic agents. Liang et al. developed a complex 303
of silver and temozolomide nanoparticles (AgNPs-TMZ). Even at very low concentrations 304
(46 mmol/L) AgNPs showed high cytotoxic activity against glioma tumor cells [54]. 305

Interestingly, zinc oxide nanoparticles with temozolomide synthesized from an aque- 306
ous extract of Glycyrrhiza glabra seeds demonstrated an IC50 of only 30 micrograms/mL. 307
This is important for the mortality rate in glioblastoma cell lines [55]. 308

A new treatment for brain tumors currently under development uses temozolomide 309
incorporated into the structure of carbon quantum dots (CQDs), which are nanoscale clus- 310
ters of 10 to 1000 atoms (<10nm) of inorganic semiconductor crystals [56]. The productis 311
based on a polymer biodegradable implant with chitosan-poly ethylene oxi-de-carbon 312
quantum dots/carboxymethyl cellulose-polyvinyl alcohol (CS-PEO-CQDs/CMC-PVA). 313
However, scientists faced the problem of early uncontrolled release of a large dose of the 314
drug and the subsequent neurotoxicity. The problem was solved by coaxial electrospin- 315
ning, which helped to create a transport system with a shell of carboxymethyl cellulose 316
and polyvinyl alcohol, and chitosan and polyethylene oxide in its core. This increased the 317
strength of the nanofibers and subsequently provided a more controlled and prolonged 318
TMZ release [57,58]. 319

Gene therapy is beginning to take an active leading position, offering to include nu- 320
cleic acid genes in drug delivery systems [59]. Glioblastoma cells are able to develop drug 321
resistance to temozolomide due to the O6-methylguanine-DNA-methyltransferase 322
(MGMT) gene [60]. Zhu et al. constructed hybrid nanoparticles based on a lipid polymer 323
with encapsulated clusters of short palindromic repeats associated with protein 9 324
(CRISPR/cas9) — LPHNs-cRGD. The surface of the transporters was paired with cRGD to 325
bind to the avi3 integrin receptors in the MGMT gene of tumor cells. Exposure to the 326
MGMT gene leads to a decrease in the precipitation of the MGMT protein, and subse- 327
quently glioblastoma cells restore sensitivity to temozolomide. For the successful delivery 328
of the developed nanosystem through the BBB, the noninvasive focused ultrasound 329
method was used (microvesicles acted as molecules that locally violate the permeability 330
of the BBB) [59,60,61,62]. Finally, the results were obtained demonstrating the effective- 331
ness of transfection of 30 — 40%, especially in the case of a drug-resistant brain tumor. The 332
LPHNSs-cRGD system increased the survival rate of experimental mice with glioblastoma, 333
which gives hope for the effective use of these transporters in clinical practice [63]. Tetra- 334
hedral nucleic acid (NP-TFNA) nanoparticles also demonstrated good results due to their =~ 335
ability to capture MGMT, and the modification of nanotransporters with G524 aptamer 336
made it possible to overcome the tight junctions of the BBB of mice [64]. Gene therapy is 337
of high scientific interest and gives great hope in the treatment of brain tumors, but due 338
to the complexity and high cost of its implementation in routine clinical practice, it isnot 339
yet quoted. 340

In an effort to reduce the side effects of the antitumor drug, researchers have im- 341
proved nanotransport systems in every possible way, creating multifunctional nanocom- 342
posites containing TMZ in a hydrazide form and conjugated with a polymer (3-L-malic 343
acid), with a transferrin receptor adsorbed on the surface by a monoclonal antibody. pH- 344
sensitive trileucine was added to overcome the endosomal destruction block in TMZ-re- 345
sistant tumor cell lines. This modification caused a decrease in the viability of human gli- 346
oma and human breast cancer cell lines (U87MG cells, MDA MB-468), and increased the 347
half-life of TMZ by 3 — 4 times [65]. 348

Hybrids of drugs such as TMZ in combination with gemcitabine (GEM) and decita- 349
bine (DAC) encased in gold nanoparticles have demonstrated cytotoxicity synergism 350
against malignant glial cells U87. They stop the cell cycle in the G2/M phase by subjecting 351
DNA to alkylation. According to research data, TMZ had a greater effect in combination 352
with GEM [66,67,68]. 353
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It is worth mentioning carbon nanotubes consisting of hundreds of carbon concentric
shells. These nanomaterials have good biocompatibility and a high surface area for load-
ing the drug substance. At the moment, only physicochemical and biopharmaceutical
properties of carbon nanotubes with TMZ included in their structure have been studied
[69,70,71].

5. Conclusions

The use of nanotransporters for the targeted delivery of temozolomide to glioblas-
toma cells appears to be an impressive and promising opportunity to optimize the therapy
of this malignant brain tumor. The size of nanoparticles and their modification by various
ligands specific to receptors expressed on the endothelium of the brain capillaries makes
it possible to successfully overcome the BBB. Encapsulation of an antitumor drug with
subsequent controlled release and an extended half-life helps to reduce the toxic effect of
TMZ on healthy tissues, protects temozolomide from premature physiological degrada-
tion due to MGMT, and deliver it directly to tumor cells. All this will eventually lead to
the introduction of nanomedicine into clinical practice and a breakthrough in the treat-
ment of glioblastoma.
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