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Gliomas are the most common type of primary malignant brain tumors. The choice of treatments for these tumors was quite limited for 
many years, and therapy results generally remain still unsatisfactory. Recently, a significant breakthrough in the treatment of many forms of 
cancer occurred when personalized targeted therapies were introduced which inhibit tumor growth by affecting a specific molecular target. 
Another trend gaining popularity in oncology is the creation of patient-derived tumor models which can be used for drug screening to select 
the optimal therapy regimen.

Molecular and genetic mechanisms of brain gliomas growth are considered, consisting of individual components which could potentially 
be exposed to targeted drugs. The results of the literature review show a higher efficacy of the personalized approach to the treatment 
of individual patients compared to the use of standard therapies. However, many unresolved issues remain in the area of predicting the 
effectiveness of a particular drug therapy regimen. The main hopes in solving this issue are set on the use of patient-derived tumor models, 
which can be used in one-stage testing of a wide range of antitumor drugs.
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Introduction

Gliomas (astrocytomas) are the most common type 
of primary malignant brain tumors accounting for 80.8% 
of all malignant brain tumors. According to CBTRUS 
(Central Brain Tumor Register of the United States), the 
incidence of primary malignant CNS tumors was 7.06 
per 100,000 people from 2014 to 2018 [1]; in Russia, 

the incidence of malignant brain tumors as of 2021 was 
5.64 per 100,000 persons [2]. Among astrocytomas, 
conventionally benign astrocytoma forms (grade 2) exist 
characterized by relatively slow growth, and malignant 
astrocytoma forms (grade 3–4). The most malignant type 
of astrocytoma is glioblastoma (grade 4).

In spite of the large number of studies conducted 
in the last 15 years, the current standard of care for 
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primary tumors is quite limited and includes maximum 
safe resection of the tumor followed by radiotherapy 
and chemotherapy applying temozolomide. Despite 
aggressive treatment regimes, the maximum median 
survival rate is two years [3–5]. Recurrence of tumor 
growth is inevitable, but no therapy standards exist 
in this case, and possible treatment options are 
limited to repeated surgery, the use of bevacizumab 
anti-angiogenic drug in combination with or without 
irinotecan, and experimental treatments in clinical trials. 
Unfortunately, the efficacy of glioblastoma recurrence 
treatment remains low, the maximum survival rate in this 
group of patients is 6 months [6].

Continued tumor growth depends on two factors: 
the impossibility of its total removal and unavailability 
of highly effective drugs. In terms of tumor biology, two 
key factors underlie this growth: 1) high heterogeneity 
within the tumor and significant differences between 
tumors of different patients [7–10]; 2) high invasiveness 
and rapid infiltrative growth into the surrounding brain 
matter [9, 10]. These properties are caused by complex 
mechanisms of tumor growth involving a large number of 
different signaling pathways, which determines the high 
aggressiveness of astrocytomas, their high adaptability, 
and resistance to most types of therapy.

Methods of molecular genetic study were actively 
introduced in oncology recently allowing to better 
understand the biological characteristics of a particular 
tumor and thus to select the most effective therapy. 
Selection of targeted drugs specifically affecting the 
mechanisms regulating a particular tumor growth 
based on tumor molecular profiling is a new strategy for 
personalized medicine in gliomas. Another promising 
area for selection of personalized drug therapy is the 
creation of patient-derived tumor models.

This paper presents a critical review of current trends 
of personalized medicine in brain astrocytomas.

To this end, literature was searched reflecting 
the widespread use of personalized medicine in 
astrocytomas based on molecular genetic profiling and 
based on drug screening using tumor models. The 
PubMed and eLIBRARY.RU databases were used in 
the course of the work. The scientific papers search 
depth was from 2004 to 2022 inclusive.

Current approaches to astrocytomas treatment
Current standards for malignant astrocytomas 

treatment include maximum safe tumor resection 
followed by radiation and chemotherapy based on 
molecular genetic profiling [11, 12]. Gross total tumor 
resection is often impossible due to infiltrative tumor 
growth, tumor location near eloquent brain areas which 
will cause neurological deficit development if damaged 
[13]. Therefore, tumor recurrence up to 2 cm from the 
primary tumor occurs in approximately 90–95% of 
patients with glioblastoma [14, 15]. As a consequence, 
effective adjuvant therapy is essential for the survival of 
patients with astrocytomas.

However, the set of drugs for astrocytomas 
treatment is rather limited and includes temozolomide 
alkylating agent, different regimens of standard PCV 
chemotherapy (lomustine, vincristine, procarbazine), 
irinotecan, etoposide, and bevacizumab as inhibitor 
of vascular endothelial growth factor. The main drug 
choice in case of tumor recurrence is bevacizumab 
in mono-regimen or in combination with irinotecan or 
lomustine [16].

Currently, the classification of astrocytomas used 
in clinical practice is largely based on tumor molecular 
genetic profiling. Routinely defined markers include 
mutation of isocitrate dehydrogenase (IDH), methylation 
of O6-methylguanine-DNA methyltransferase (MGMT) 
promoter, amplification of epidermal growth factor 
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Figure 1. Main diagnostic and 
prognostic markers of gliomas 
and the most frequently chosen 
treatment regimens related to them
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receptor (EGFR), 1p/19q codependency, mutation of 
telomerase reverse transcriptase (TERT) gene promoter, 
mutation of ATRX gene [13, 17]. Thus, presence of 
IDH mutation and MGMT promoter methylation is 
accompanied by increased sensitivity to alkylating 
drugs and radiation therapy and determines a relatively 
favorable prognosis for patients with astrocytomas [18]. 
Accordingly, chemoradiotherapy with temozolomide 
is less effective in patients with tumors without MGMT 
promoter methylation [19]. The presence of 1p19q 
codeletion also determines a relatively favorable 
prognosis and is a predictor of a good response to 
standard therapy [20, 21]. On the contrary, the presence 
of TERT mutation and absence of IDH1/2 mutation is 
associated with worse survival rates [22].

Unfortunately, most of the isolated gliomas markers 
have primarily diagnostic and prognostic value but, 
unlike many other cancer types, do not allow to 
determine an effective treatment regimen. The first-line 
therapy is carried out with temozolomide [23] which 
showed high efficacy, or with different options of PCV 
regimen (Figure 1).

Application of targeted therapy  
in brain astrocytomas treatment

Major signaling pathways of regulation  
and proliferation of tumor cells in astrocytomas

Glioblastoma is characterized by a variety of genetic 
and epigenetic alterations; however, careful analysis 
of genetic aberrations in this tumor revealed three 
main pathogenetic mechanisms of tumor growth: 88% 
for activation of signaling pathway of tyrosine kinase 
receptor RTK/RAS/phosphoinositide 3-kinase (PI3K), 

87% for inhibition of p53 signaling pathways, and 78% 
for retinoblastoma protein (Rb) [24, 25]. Currently, the 
possibility is actively investigated of using targeted drugs 
to control astrocytoma growth.

RTK activation stimulates PI3K/Akt/PTEN/mTOR 
signaling pathway, belonging to the main pathways 
involved in the regulation of cell proliferation, growth, 
differentiation, metabolism, survival, cell apoptosis, and 
angiogenesis activation. This pathway ensures rapid 
preparation of cell protein synthesis mechanism along 
with rapid tumor growth in response to proliferative 
stimulus [26, 27]. Activation of this signaling pathway 
is often associated with aggressive growth and 
resistance to chemo- and radiation therapy and 
unfavorable prognosis. In contrast, TP53 and Rb 
genes are antitumor suppressor genes: p53 protein 
plays an important role in coordinated cellular stress 
response by regulating genes involved in apoptosis, 
DNA repair and neovascularization processes, while 
hypophosphorylated Rb protein prevents activation of 
genes responsible for tumor progression through cell 
cycle activation [26].

It is also worth mentioning RAS/RAF/MAPK kinase 
pathway found in gliomas, which is a chain of sequentially 
interacting proteins that transmit signals from the cell 
surface receptor into the nucleus. The signal transmission 
controls gene transcription, metabolism, proliferation and 
motility, cell apoptosis, and angiogenesis. Previously, 
activating mutations in RAS were considered rare, but a 
recent study [28] revealed a significant number of KRAS 
and NRAS mutations in astrocytomas.

A detailed study of these pathological pathways 
suggested a number of molecular targets for their 
inhibition, prevention of tumor growth and proliferation 
(Figure 2).

Figure 2. Schematic of RTK/PI3K/Akt/PTEN/
mTOR and RAS/RAF/MAPK signaling pathways 
that play a key role in glial brain tumor growth 
with indication of main possible target therapy 
options
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RTK/PI3K/Akt/PTEN/mTOR signaling pathway

Inhibitors of epidermal growth factor receptor 
(EGFR). EGFR in glioblastomas plays important role in 
the RTK/PI3K/Akt/PTEN/mTOR signaling pathway, and 
its amplification, rearrangement, or point mutations 
are observed in more than 40% of cases [29]. Given 
the relatively frequent occurrence, the use of EGFR 
inhibitors seemed quite promising, especially since 
these drugs showed excellent results in patients with 
non-small cell lung cancer. However, in the case of 
glioblastoma, the first (erlotinib and gefetinib) and 
second-generation drugs (afatinib, dacomitinib, 
neratinib) demonstrated no significant effect on 
survival [30–33]. Possible reasons for ineffectiveness 
are poor penetration of active molecules through the 
blood–brain barrier (BBB), high tumor heterogeneity, a 
variety of possible EGFR mutations, and compensatory 
opportunities due to other mechanisms of tumor 
growth.

According to recent data, osimertinib, a third-generation 
inhibitor used to treat non-small cell lung cancer, including 
those with brain metastases, has a better ability to 
penetrate through the BBB [34]. A recent study on 
xenografts from patients with glioblastoma [35] showed 
the efficacy of osimertinib in controlling cell growth even 
with no EGFR expression. This, together with data on 
ability to effectively overcome the BBB, makes osimertinib 
a promising drug for treatment. Cases were described of 
its successful use in patients with malignant astrocytomas 
[36, 37].

In spite of inconclusive results of studies evaluating 
the efficacy of EGFR inhibitors in the treatment of 
high-grade astrocytomas, reports appeared recently 
on the necessity to revise approaches to the use 
of this group of drugs based on more profound 
molecular-genetic tumor typing and selection of a group 
of patients in whom control of tumor growth can be 
achieved [38, 39].

Inhibitors of vascular endothelial growth factor 
receptor tyrosine kinase (VEGFR). VEGFR is a key 
regulator of angiogenesis in glioblastoma [40]. Initial 
studies in patients with recurrent glioblastoma showed 
efficacy of bevacizumab inhibitor in mono-regimen 
or in combination with irinotecan, compared to the 
retrospective group [41, 42]. However, phase III clinical 
trials for patients with primary glioblastoma demonstrated 
no higher survival rates in the bevacizumab group 
compared to controls [43]. Positive clinical and 
radiological dynamics observed in patients following 
bevacizumab use are associated with suppression of 
angiogenesis and reduction of cerebral edema, but this 
has no sufficient antitumor effect to suppress tumor 
progression [26]. Other drugs from VEGFR inhibitor 
group (vatalanib, tivozanib, cediranib, aflibercept, 
sorafenib) neither showed effectiveness in glioblastoma 
treatment [26, 44–46].

Further researches are currently underway with drugs 

that demonstrated relative efficacy in phase II studies 
(regorafenib, lenvatinib) [47, 48].

A number of studies indicate relative efficacy of 
apatinib, a low-molecular-weight tyrosine kinase inhibitor, 
in the treatment of continued growth of glioblastoma 
targeting VEGFR-2 [49–56].

Inhibitors of phosphoinositide 3-kinase (PI3K) and 
target of mammalian rapamycin (mTOR). Mutations 
of key genes in RTK/PI3K/Akt/PTEN/mTOR signaling 
pathway are observed in almost 90% of glioblastoma 
studies [57], this making them one of the most promising 
objects for targeted therapy. However, phase II studies 
showed low efficacy of both irreversible PI3K inhibitors 
(sonolysib [58], buparlysib [59]) and mTOR inhibitors 
(temsirolimus [60], sirolimus [61], everolimus [62]). 
A recent phase II study [63] showed that use of paxalisib 
at the maximum tolerated dose leads to increased 
time to progression and overall survival in patients with 
primary glioblastoma.

Everolimus mTOR inhibitor showed no efficacy in 
patients with primary MGMT-nonmethylated glioblastoma 
both in monotherapy [64] and in combination with 
radiotherapy or temozolomide [62]. The authors of 
another phase II study reported the relative efficacy 
of adding bevacizumab and everolimus to standard 
glioblastoma therapy [65]. However, phase III studies 
are needed to clarify the role of this combination.

RAS/RAF/MAPK signaling pathway

BRAF gene inhibitors. Activating mutation of 
BRAF V600E gene occurs in 60–80% of pleomorphic 
xanthroastrocytomas (grade 2–3), in 30% of 
disembryoblastic neuroepithelial tumors, in 20% 
of gangliogliomas (grade 1), in 5% of pilocytic 
astrocytomas (grade 1) [66–68], and also in 
other astrocytomas [69]. A systematic review [70] 
demonstrated that the presence of BRAF V600E 
in astrocytoma is associated with a more favorable 
prognosis. It was established that testing for the 
presence of BRAF V600E can be implemented in 
patients with astrocytomas [71].

Vemurafenib demonstrated good results in patients 
with highly malignant astrocytomas at BRAF V600E 
presence [72–74]. Moreover, in glioblastoma with BRAF 
mutation, examples were described of good response 
to targeted therapy in case of leptomeningeal spread 
(usually accompanied by rapid tumor progression) [73].

A study of dabrafenib + trametinib combination in 
patients with high-grade astrocytoma [75] showed that 
the response rate was 22% in astrocytoma (grade 3) 
and 29% in glioblastoma (grade 4). Subsequent studies 
demonstrated the efficacy of this regimen in patients 
with relapsed or treatment-resistant astrocytomas in 
the presence of positive BRAF V600E mutation [71]. 
Currently, clinical guidelines allow targeted therapy with 
BRAF gene inhibitors by tumor boarddecision if BRAF 
V600E mutation is present [16].
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Limitations of targeted therapy

Targeted therapy was recognized as a promising 
trend in oncology due to the attractiveness of the 
very idea of its targeted effect on tumor growth 
specific mechanism. Currently, this approach really 
demonstrated significant efficacy for variety of cancer 
types. However, no new drugs were proposed to 
fundamentally improve therapy results in the treatment 
of brain astrocytomas despite the large number of 
clinical trials. Moreover, no dependence is often found 
between the efficacy of various drugs and the presence 
or absence of a molecular target in the tumor; on the 
contrary, the relevant drug proves to be effective in 
cases with no marker in the tumor.

The observed ineffectiveness of targeted drugs is 
caused by the following factors: 1) inadequate drug 
penetration into tissues, including overcoming BBB 
[46, 76]; 2) inadequate inhibition of the target [77]; 
3) insufficient suppression of the signal cascade [33]; 
4) tumor heterogeneity [78–80], and compensatory 
activation of other pathogenetic mechanisms [81].

It is a challenge to get over these complexities. For 
example, the problem of glioblastoma heterogeneity 
consisting in growth of a subpopulation of non-molecular 
target cells [82] can be solved by prescribing several 
drugs simultaneously. However, in this case, the risks 
increase significantly associated with drug interactions 
and increased toxicity of drug therapy [83].

Application of patient-derived tumor models

Patient-derived tumor models

Tumor models, which are created by culturing tumor 
cells isolated directly from biopsy material of glioblastoma 
patients, are important tools for studying tumor biology 
and are widely used in basic neuro-oncological studies. 
Another area of application of patient-derived models 
is the selection of effective therapy based on testing 
different treatment protocols [84–86]. The greatest 
importance is given here to the direct selection of the 
most effective therapy for a particular patient. For this 
purpose, isolated glioblastoma 
cells are treated with drugs (or their 
combinations), radiation therapy, or 
experimental methods of treatment 
are used.

The main problem of using tumor 
models to select personalized 
therapy is that the model inaccurately 
reproduces the tumor individual 
biological behavior in the patient’s 
body [87]. The need to increase the 
precision of the model to accurately 
predict the response to the ongoing 
therapy is an important milestone of 
translational neuro-oncology [88].

There are three main groups among patient-derived 
models: 1) in vitro models; 2) in vivo models; 3) organoid 
models. Certain types of models have advantages and 
disadvantages depending on the purpose of their use 
(see the Table).

Traditional two-dimensional (2D) monolayer cell 
cultures found wide application in solving problems 
of drug testing, primarily due to the ease of creation, 
high cost-effectiveness, and the possibility to test drugs 
at high speeds [84, 89]. However, these models have 
significant limitations in the accuracy of replicating the 
original tumor due to the formation of monoclonal cell 
populations, high degree of genetic and morphological 
homogeneity, absence of intercellular interactions and 
formation of tumor microenvironment [86, 89–91].

Most genetic and morphological differences between 
the model and the original tumor material were overcome 
at in vivo orthotopic models in immunodeficient mice. 
Along with histological features of glioblastoma like 
infiltrative growth, microvascular proliferation and 
areas of necrosis presence, orthotopic models are 
characterized by the presence of other key mutations: 
TERT, EGFR, PTEN, TP53, BRAF, and IDH1 [92]. 
The application of these models is significantly limited 
by the impossibility to study the interaction between 
the host immune system and the tumor. In addition, 
widespread implementation of these models is hindered 
by high cost along with complexity and duration of 
their cultivation involving specialists in animals with 
microsurgical manipulation skills [86, 91, 93]. Therefore, 
in vivo models are of interest for basic research of 
gliomas rather than for patient treatment selection.

The greatest interest in the application of tumor 
models for personalized therapy is in vitro cultivation 
of three-dimensional models, the so-called organoids. 
Tumor organoids based on the material obtained from 
glioblastoma patients sufficiently reflect genotypic and 
phenotypic features of the original tumor, inter-tumor 
heterogeneity, ensure preservation of interaction 
between tumor cells and tumor microenvironment cells, 
and require less resources and time as compared 
to existing xenogeneic models of immunodeficient 
mice [84, 86]. Thus, the presence of major signaling 

Brief characterization of main types of patient-derived tumor models

Characteristics Cell (in vivo)  
cultures 

Xenogenic  
(in vitro) models 

Organoid  
models

Difficulty of creation Low High High
Low cost Yes No No
Cost-effectiveness High Low Low
Time expenditure Low High High
Preservation of original tumor biological features No Yes Yes
Modeling of tumor microenvironment No Yes Yes
Allows to assess immune response No No Yes
Allows to rapidly test drugs Yes No Yes
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cascades of tumor progression like EGFR expression 
and its characteristic intratumor heterogeneity in the 
case of glioblastoma was established for organoids 
[94]. The presence of immune system cells, i.e. 
T-killer and macrophages, was also established in 
organoids [95, 96]. However, the degree of compliance 
of immune interactions within the model in a patient 
with glioblastoma is apparently insufficient to reflect all 
features of the immune system functions [96, 97].

Other significant limitations of organoids are the 
difficulty of modeling IDH-mutant astrocytomas [96], 
reproducing the mechanisms of malignant transformation 
and the ability of tumor migration along tumor vessels 
[86, 98].

Application of organoids for personalized therapy 
in neuro-oncology

Organoids can be used to assess the expression of 
various molecular targets and to test appropriate drugs 
in predicting the response to treatment in patients [99]. 
A number of studies showed that the results of drug 
efficacy screening on patient-derived organoids correlate 
with the response to treatment in a patient [96, 100]. 
Thus, glioblastoma organoids were found to be sensitive 
to gefitinib in EGFR mutation presence; to trametinib, 
in tumors with NF1 mutation, to everolimus, in tumors 
with PI3K mutation [96]. Moreover, comparative 
studies on results of drug therapy on organoids and 
clinical outcomes demonstrated that organoids are 
characterized by appropriate drug resistance even in the 
presence of target mutations [87, 96]. Thus, the use of 
tumor models for therapy selection can be considered 
a more accurate method in terms of predicting tumor 
response to treatment compared to specific molecular 
targets identification [87, 96].

A recently published study by Loong et al. [101] 
presented an attempt to test a fundamentally new concept 
consisting in sequential determination of the fullest 
possible genetic and epigenetic profiles of glioblastoma 
followed by drugs testing in a patient-derived model. The 
result was the prescription of everolimus, which is not part 
of standard care, but showed good results in this patient.

An important aspect of the use of patient-derived 
models is time expenditure. For example, most drug 
therapy efficacy screening protocols are designed for a 
period of 1–4 weeks [100]. A number of authors [86, 96, 
102] believe that this time frame is optimal for patients 
with aggressive forms of gliomas as they need to recover 
from tumor resection and undergo a standard radiation 
protocol in combination with temodal.

Conclusion
Despite a large number of translational studies in 

neuro-oncology, the treatment of brain gliomas remained 
for many years the most limited in terms of treatment 
options and is usually limited to the prescription of 
standard chemoradiotherapy combined with temodal. 

Attempts to use targeted therapy, which demonstrated 
significant results in the treatment of many forms 
of cancer, showed to be ineffective in patients with 
brain astrocytomas. However, the described clinical 
observations of positive results in individual cases when 
these drugs are used indicate that further research is 
needed of the possibilities to use targeted therapy, to 
find ways to influence the compensatory mechanisms of 
the tumor, to open the blood–brain barrier and to identify 
new molecular targets.

A wide use of patient-derived tumor models allowing 
one-step testing of a wide range of antitumor drugs 
will significantly expand the possibilities of individual 
therapy of gliomas. Currently, we are searching for 
optimal protocols allowing to create tumor models that 
genotypically and phenotypically match the patient’s 
tumor with drug screening results as close as possible to 
the observed clinical outcomes.

The introduction of individually tailored targeted 
therapies based on broad tumor profiling and the use of 
patient-derived tumor models will provide a significant 
increase in patient life expectancy and reduce treatment 
costs.
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