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Abstract—Currently, brain tumors are becoming more common and their clinical picture is aggravated by
serious complications. According to the statistics of the World Health Organization (WHO), glioblastoma
multiforme (GBM) is the most aggressive brain tumor with high invasive capacity, which is difficult to pre-
dict, while most cases are sporadic and do not have a genetic predisposition. Since GBM cannot be simply
eliminated by operation, drug availability to penetrate the blood-brain barrier (BBB) is greatly complicated
and the accumulation of chemotherapeutics in GBM is low, the therapeutic effects are poor, and there is a
strong need to develop various approaches to deliver drugs to the CNS. The vector delivery of antitumor drugs
is becoming more relevant, as well as various drugs that change the permeability of the BBB to facilitate the
passage of antitumor drugs and their greater specific accumulation in tumor cells. The reversible short-term
opening of tight junctions in brain endothelial cells and the effect on the functioning of active outflow trans-
port systems represented by ATP-binding cassette transporters have been under serious research focus for the
last few years in order to develop the appropriate drug delivery to the brain to treat GBM. A particularly prom-
ising direction in this area is the development of drugs that do not violate the integrity of the BBB and do not
require the introduction of additional drugs to improve their activity and permeability. Active delivery
nanoparticles are more effective than passively directed nanoparticles. Drugs that induce changes in the per-
meability of the BBB for various nanoparticles and other anticancer drugs are very effective, but they have a
number of disadvantages and can cause complications. Therefore, before using these substances, all the risks
should be evaluated, the controllability of this process, and the effectiveness of the drugs that inhibit ongoing
reactions. It is considered safer and more effective to use active targeted drug delivery, which uses the attach-
ment of site-specific ligands to the surface of nanoparticles.
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INTRODUCTION

At present, the prevalence of brain tumors is
increasing, and their clinical picture is aggravated by
more and more serious complications. GBM is one of
the most common types of tumor. According to the
World Health Organization (WHO), it accounts for up
to 52% of primary brain tumors and up to 20% of all
intracranial tumors. GBM is one of the most aggres-
sive and difficult-to-predict brain tumors; most cases
are sporadic and do not have a genetic predisposition
[1]. In addition, the overwhelming majority of anti-
cancer drugs have an extremely low bioavailability,
and therefore a reduced dose of the drug gets to the
GBM cells compared to the administered dose. This
complicates the development of new drugs, reduces

Abbreviations: EPR effect, the effect of increased permeability
and retention; TIL, tumor-infiltrating lymphocytes, GBM,
glioblastoma multiforme; BBB, blood-brain barrier.
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the effectiveness of already known drugs. Therefore, in
recent years, drugs with vector delivery are becoming
more and more popular.

In this article, we will consider various options for
the delivery of anticancer drugs to glioblastoma
(GBM), and analyze their strengths and weaknesses.

METHODOLOGY FOR RESEARCHING NEW
METHODS OF TREATMENT
FOR GLIOBLASTOMA

When studying the features of targeted drug deliv-
ery to GBM cells and chemotherapeutic induction of
changes in the permeability of the blood-brain barrier
(BBB), published articles from the Elsevier, NCBI
MedLine, Scopus, Scholar.Google, Embase, Web of
Science, MedLine, the Cochrane Library, EMBASE,
Global Health, CyberLeninka and RSCI databases
were analyzed for better drug penetration. The follow-
ing keywords were used to search for English-language
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articles: “Glioblastoma,” “targeted therapy,” “tight
junctions,” “TJs,” “BBB,” “blood brain barrier,”
“case report,” “targeted drug delivery,” “EPR-effect,”
“statistics,” “ABC-transporters,” “chitosan nanopar-
ticles,” “nps,” “nanoparticles drug.” The following
keywords were used to search for Russian-language
articles: “Glioblastoma,” “clinical case.” The assess-
ment of the acceptability of the English- and Russian-
language original sources was carried out in several
stages: they looked through the headings, abstracts
and full-text articles, then carried out an additional
search for the sources indicated in the selected articles.
Papers containing original studies in small groups of
patients (or experimental animals) were excluded, as
well as articles that provided preliminary research
results or duplicated the results of previous research.

FEATURES OF VECTOR DELIVERY
OF ANTITUMOR DRUGS

Since, at present, brain tumors are very common,
and every year the clinical picture of oncological dis-
eases becomes more and more difficult [2], vector deliv-
ery of anticancer drugs is becoming much more relevant.
The advantages of using them are undeniable [3]:

(1) It becomes possible to use very aggressive drugs
with the least harm to the body, because the dose of
the drug is several times less [4].

(2) The toxicity of therapy decreases [5], therefore,
the tolerability of such therapy [6] is improved since
the drug is delivered directly to the tumor; its negative
effect on other tissues of the body is significantly
reduced.

(3) There is a high selectivity of anticancer drugs,
achieved by targeted transport to target cells using pro-
tein vectors [7, 8].

This method of drug delivery to the target is based
on the covalent attachment of a protein vector to the
drug, which helps to deliver this conjugate into the cell
via receptor-mediated endocytosis.

In this review article, we focus on the vector deliv-
ery of drugs to cells of GBM multiforme, one of the
most common brain tumors [9], undirected drug
delivery to which is significantly complicated [10, 11],
which means that targeted delivery of chemotherapy
drugs could help solve a number of problems.

VECTOR MEDICINE DELIVERY
FOR GBM CELLS

Indeed, one of the most pressing problems in the
treatment of glioblastoma multiforme is the relatively
poor bioavailability and high doses of the drug used
[12, 13]. Therefore, nanoparticles with active or pas-
sive targeted delivery are considered one of the most
effective drug delivery systems [14, 15]. Passively tar-
geted drugs are delivered through the EPR effect, an
increased permeability and retention effect in which
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molecules of a certain size (usually liposomes,
nanoparticles, and macromolecular drugs) accumu-
late in tumor tissue more than in normal tissues. Thus,
this method takes into account and uses such features
of the tumor as high vascular density, a well-developed
vascular network, ineffective lymphatic drainage, as well
as the unique properties of the nanoparticles themselves:
their size and shape, characteristics of their surface since
they influence the EPR effect [16, 17].

However, passive directional action has significant
drawbacks [18]: The EPR effect depends on the diffu-
sion of the drugs, however, only a few drugs can effec-
tively diffuse across cell membranes. Diffusion of
drugs in brain tumors is often impaired because they
have a relatively weak EPR effect due to the dense
matrix of the brain; an increase in the pressure of the
interstitial (intercellular) fluid in the tumor due to
ineffective lymphatic drainage leads to the accumula-
tion of larger particles in the tumor and the diffusion
of smaller ones. Therefore, when injected intrave-
nously, ~95% of nanoparticles with a passive targeted
delivery system accumulate nonspecifically in other
organs and do not reach the tumor [14, 16].

There is at least one more neuroprotective barrier
for the penetration of such drugs to brain tumor cells —
the BBB [17]. Therefore, passively directed drugs can-
not reach invasive tumor cells in sufficient quantities,
and the EPR effect is too weak near infiltrating tumor
cells [19—21]. In addition, the blood-brain tumor bar-
rier also prevents drugs from entering the tumor mass,
especially with the high activity of TIL cells (tumor-
infiltrating lymphocytes; lymphocytes infiltrating the
tumor), thereby promoting resistance to chemother-
apy and disease recurrence [22, 23].

DIFFERENT METHODS OF DELIVERY
OF ANTITUMOR DRUGS TO OVERCOME
THE BBB

Relatively recently, a new method of delivering
chemotherapy drugs to tumor cells to overcome the
BBB was developed. It consists in the reversible and
short-term opening of tight junctions in the endothe-
lial cells of the brain. The stimuli of this process can be
different: chemical (mannitol), biological (histamine
and bradykinin), physical (ultrasound and electro-
magnetic waves). The principle of their action,
accordingly, is also different [24, 25]. For example,
mannitol reduces the volume of endothelial cells in the
brain, dehydrating them, thereby changing their shape
and opening tight junctions for several hours. And bra-
dykinin acts on B2-receptors of endothelial cells of the
brain, which leads to disruption of the integrity of tight
junctions and, accordingly, an increase in the BBB
permeability for drugs [15]. In addition, surfactants,
polysorbate 80 and sodium dodecyl sulfate, can also
destroy dense compounds [14, 15].
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However, the application of this method is limited
by a number of factors:

(1) high toxicity;

(2) violation of the neuroprotective function of the
BBB;

(3) violation of the BBB integrity is not enough to
achieve a significant result in patients with glioblas-
toma multiforme, because drugs still need to overcome
other physiological barriers (e.g., brain parenchyma)
to reach target cells [14];

(4) lack of direction of action [15].

Active outflow transport systems, represented by
ATP-binding cassette transporters (ABC-transport-
ers), play an important role in protecting the BBB
from the penetration of anticancer drugs through it
[26]. Anticancer drugs are substrates for efflux trans-
porters, which limit the penetration of drugs to tumor
cells. Therefore, new methods are being developed to
increase the amount of the drug that penetrates the
brain cells (without violating the integrity of the BBB),
which include blocking outflow and blocking outflow
transporters [15].

However, specific inhibitors of efflux transporters
also have a number of disadvantages: insufficient
degree of inhibition, uncontrolled degree of inhibi-
tion, and increased BBB permeability after inhibition,
which increases the penetration of toxic elements into
the brain. So far, no statistically significant results
have been found in clinical trials of efflux transporter
inhibitors.

Therefore, before use, it is necessary to take into
account the required level of inhibition and the overall
safety of this therapeutic strategy; it is necessary to
find the most suitable “drug-inhibitor” combination
in accordance with the target tissue [27, 28].

To increase the selectivity of absorption and accu-
mulation, active targeted drug delivery is used, in
which the attachment of site-specific ligands to the
surface of nanoparticles is used. Affinity ligands (anti-
bodies, peptides, or aptamers) bind on the surface of
target cells with antigens or receptors that are overex-
pressed by tumor cells and not expressed by healthy
cells. Site-specific binding of ligands leads to internal-
ization of nanoparticles through receptor-mediated
endocytosis and thereby enhances therapeutic effects.
However, the main group of nanoparticles is devel-
oped without directly changing the characteristics of
the receptor binding site [12, 14, 17]. It is interesting to
note that upon systematic administration, nanoparti-
cles usually form a “crown” layer. This is due to the
circulation in biological fluids of the body of proteins,
peptides and other cellular substances that are
adsorbed on the surface of nanoparticles, usually
changing their initial physicochemical properties and
giving them a new biological identity, affecting the
absorption of nanoparticles by cells, circulation time
and bioavailability [29, 30].
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CONCLUSIONS

Thus, various methods of delivering chemotherapy
drugs to GBM cells are used. Active delivery nanopar-
ticles are more efficient than passively targeted
nanoparticles. Drugs that induce changes in the BBB
permeability for various nanoparticles and other anti-
cancer drugs are very effective, but they have a number
of drawbacks and can lead to the development of com-
plications, therefore, before using these drugs, one
should first assess all the risks, the controllability of
this process, and the effectiveness of drug-inhibitors of
ongoing reactions. Active targeted drug delivery is
considered safer and more effective when the attach-
ment of site-specific ligands to the surface of nanopar-
ticles is used.
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