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Abstract
Background: Glioblastomamultiforme (GBM) is aWHOgrade 4
glioma and themost commonmalignant primary brain tumour.
Recently, there has been outstanding progress in the treat-
ment of GBM. In addition to the newest form of GBM
removal using fluorescence, three-dimensional (3D) imag-
ing, tomoradiotherapy, moderate electro-hyperthermia,
and adjuvant temozolomide (post-operative chemother-
apy), new developments have been made in the fields of
immunology, molecular biology, and virotherapy. An un-
usual and modern treatment has been created, especially for
stage 4 GBM, using the latest therapeutic techniques, including

immunotherapy and virotherapy.Modern oncologicalmedicine
is producing extraordinary and progressive therapeutic meth-
ods. Oncological therapy includes individual analysis of the
properties of a tumour and targeted therapy using small-
molecule inhibitors. Individualised medicine covers the entire
patient (tumour and host) in the context of immunotherapy. An
example is individualised multimodal immunotherapy (IMI),
which relies on individual immunological tumour-host inter-
actions. In addition, IMI is based on the concept of oncolytic
virus-induced immunogenic tumour cell death. Summary: In
this review, we outline current knowledge of the various
available treatment options used in the therapy of GBM in-
cluding both traditional therapeutic strategy and modern
therapies, such as tomotherapy, electro-hyperthermia, and
oncolytic virotherapy, which are promising treatment strategies
with the potential to improve prognosis in patients with GBM.
KeyMessages: This newest therapy, immunotherapy combined
with virotherapy (oncolytic viruses and cancer vaccines), is
displaying encouraging signs for combating GBM. Additionally,
the latest 3D imaging is compared to conventional two-
dimensional imaging. © 2023 S. Karger AG, Basel
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Introduction

Glioblastoma multiforme (GBM) is a WHO grade 4
glioma, one of the most aggressive malignancies and also
the most common malignant primary tumour of the
central nervous system (CNS). GBM accounts for about
half of malignant CNS tumours with a 5-year survival of
7.2% [1–3]. The incidence of GBM increases with age and
is greater in men than women. Furthermore, GBM is
found more often in Caucasians than in other ethnicities
[4]. Tumour spreading beyond the CNS is rare. The most
common sites of extra-cranial metastasis are the lungs
and pleura [5, 6]. It has been established that ionising
radiation and defined genetic syndromes are the only risk
factors identified to date for GBM. No corroboration has
been found between the risk of developing GBM and
routine exposure to diagnostic radiation in either children
or adults [7–9].

Standard GBM therapy includes neurosurgery, radio-
therapy (tomoradiotherapy), and chemotherapy. This
type of therapy has not been so successful as side effects
may occur more than once, especially with chronic
temozolomide (TMZ) intake; hence, there is a new
form of GBM therapy which has been developed over
several years. The newest scheme is immunotherapy
combined with virotherapy (oncolytic viruses [OVs]
and cancer vaccines [CVs]). Also, significant progress
in tomo-, NanoTherm-, or immunotherapy is noticeable.
The last mentioned includes checkpoint inhibitors, new
antibodies, and chimeric antigen receptor T cells [10].
Personalised medicine covers the entire patient (tumour
and host) in the context of immunotherapy. An example
is individualised multimodal immunotherapy (IMI). This
is based on individual immunological tumour-host in-
teractions and the concept of immunogenic tumour cell
death (ICD) induced by an OV [11]. Ongoing challenges
to GBM treatment include insufficient resection, a high
degree of heterogeneity, and an immunosuppressive mi-
croenvironment. The tumour forms a “shield” as a form
of defence using both non-immune and immune mech-
anisms [10]. The aim of this article was to summarise the
traditional and the most recently discovered GBM ther-
apy strategies, with particular emphasis on immunolog-
ical therapy, CVs, and OV.

Materials and Methods

The current state of knowledge described in this review article is
based on a query of the literature available in PubMed, SINOMED,
and China National Knowledge Infrastructure, conducted from

January 2009 to December 2022. The following terms, along with
“glioblastoma multiforme,” were searched for: “fluorescence diag-
nostics”, “three-dimensional (3D)”, “gene mutation”, “cell-free
DNA (cfDNA)”, “immunotherapy”, “chemotherapy”, “temozolo-
mide”, “larotrectinib”, “tyrosine kinase inhibitors”, “cancer vac-
cines”, “oncolytic virus”, and “targeted therapy.”

Diagnosis of GBM

The standard of care for radiographic characterisation
of GBM is magnetic resonance imaging, which is a widely
used technique for the diagnosis and post-treatment
management. The tumour size at the time of diagnosis
is usually around 4 cm [12, 13]. A definitive diagnosis is
based on histopathological inspections of the intraoper-
atively removed tumour or its parts, using traditional
histological, cytologic, and histochemical methods. When
neurosurgical lesion resection is impossible, a fine-needle
aspiration biopsy is carried out [3, 12, 14].

Glial fibrillary acidic protein (GFAP) is a part of the
cytoskeletal protein family and is widely expressed in
astroglial cells as well as in GBM cells. The loss of GFAP
expression indicates significantly undifferentiated tu-
mour cells but does not determine tumour progression
and development. It may be concluded that serum GFAP
constitutes a diagnostic biomarker for GBM [15, 16].

Traditional GBM Therapy

Surgical Treatment
The term “neurosurgery” was first used in English in

1904 [17], but the first glioma resection was performed in
1884 by Rickman Godlee [18]. The aim of neurosurgical
therapy is the gross total resection of the tumour mass,
which is not always successful, especially in GBMs that do
not have a clear margin [19–21]. Oncological fluores-
cence is used in the surgical removal of GBM. Launching
this method of intraoperative diagnostics, after imple-
menting neuromonitoring, intraoperative awakening, or
tractography methods, is another step towards further
increasing the effectiveness and safety of these operations.
Before surgery (about 24 h), the patient receives oral
oncological fluorescence (5-aminolevulinic acid [5-
ALA]), which uses the unique phenomenon that the
tumour cells in the brain tumour (GBM) accumulate
contrast. As a precursor to haemoglobin synthesis, 5-ALA
leads to the accumulation of fluorescent porphyrins [22],
and oral administration of 5-ALA leads to the accumu-
lation of protoporphyrin IX in the GBM. To sum up,
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during the procedure, after illuminating the surgical
field with light of a specific colour (usually pink/red),
the areas covered by the neoplastic infiltrate automati-
cally start to glow. The more intense the staining, the
more the observed area has been infiltrated by the
tumour [23–25]. This type of therapy (using 5-ALA)
is very popular in Europe but has not been approved in
the USA [23].

TMZ as Chemotherapy
TMZ (a DNA alkylating, nitrogen mustard derivative,

dacarbazine, C6H6N6O2) was introduced in 1999 (the
first licence was obtained then) for the most malignant
grade [26] of GBM. TMZ (4-methyl-5-oxo-2,3,4,6,8-pen-
tazabicyclo [4.3.0] nona-2,7,9-triene-9-carboxamide) is a
first-line chemotherapy drug approved for the treatment
of GBM by the Food and Drug Administration (FDA)
[27] and Occupational Exposure to Hazardous Drugs
(OSHA) [28]. Currently, the standard of care after sur-
gical resection is radiotherapy (preferably image-guided
intensity modulated radiation therapy [IG-IMRT] tomo-
therapy) with adjuvant TMZ [29], that is, combination
therapy followed by monotherapy. In combination ther-
apy (tomotherapy and chemotherapy), TMZ is admin-
istered orally, usually at a dose of 75 mg/m2 of body
surface area per day for 42 days (up to 49 days) along with
targeted tomotherapy (60 Gy given in 30 doses). In the
absence of complications, TMZ monotherapy is then
administered after 4 weeks of combined therapy [30,
31]. It should be emphasised, however, that chemother-
apy is toxic to proliferating cells, which is a beneficial
effect, but by damaging healthy cells, it can cause many
complications, for example, thrombocytopaenia and neu-
tropaenia, cytomegalovirus or hepatitis B virus, fatal liver
failure, Pneumocystis jirovecii, or Stevens-Johnson syn-
drome [32, 33].

Currently, medical tests are being carried out using
TMZ nano or nanomedicine. In this new type of
therapy – “promises made by the nanocarriers in glio-
blastoma therapy” – polymer nanoparticles have a poly-
mer coating to protect the drug from early degradation.
As a result, TMZ nano is released continuously. The drug
can also target the action of surface modification (attach-
ment of specific ligands, peptides, antibodies, etc.) [34].

Pembrolizumab – Humanised Monoclonal Antibody
In addition to TMZ, pembrolizumab has been recently

used in the treatment of GBM (grade 4). The goal of this
therapy is to restore the activity of T lymphocytes (using
the patient’s own immune system). Pembrolizumab
blocks the programmed cell death receptor on the

lymphocyte surface. In other words, this drug prevents
the GBM from neutralising the lymphocytes by blocking
the connection between the PD-L1 protein of GBM and
the programmed cell death receptor. This drug is admin-
istered to patients diagnosed with GBM not only in the
post-operative period but also before planned surgical
treatment. Common adverse events associated with pem-
brolizumab use may include fatigue, diarrhoea, thyroid
disorders, rash, and pruritus [35–37].

A Revolution in Targeted (Individual) Therapy
The main current trends involve the study of muta-

tions and tumour heterogeneity, which are essential in
individual therapy. In patients with GBM, so-called cell-
free DNA (cfDNA) was identified, which was extracted
from plasma and fresh tumour samples. This study was
conducted by Palande et al. [38] in a group of 180
patients, where significantly elevated cfDNA was found,
compared to patients in the control group. In addition,
these scientists detected “unique mutations” when study-
ing cfDNA along with tumour DNA, which were con-
sistent with the COSMIC database (TP53, 18.75%; epi-
dermal growth factor receptor (EGFR), 37.5%; NF1,
12.5%; LRP1B, 25%; IRS4, 25%). Additionally, these
scientists identified gene-to-gene fusions in cfDNA and
tumour DNA as PDGFRA mutations. They also proved
that PDGFRA fusion proteins play the main role in
initiating therapy with protein kinase inhibitors (imati-
nib, sunitinib, and sorafenib). Interestingly, in their fur-
ther studies, these researchers identified numerous genes
(BCR-ABL1, COL1A1-PDGFB, NIN-PDGFRB in 8% of
patients, and FGFR1-BCR in 4% of patients) in the
patients’ cfDNA that could indicate the use of imatinib
analogues. The use of other medications (such as crizo-
tinib, entrectinib, or larotrectinib) is possible thanks to
the ROS1 fusion (CEP85L-ROS1 and GOPC-ROS1),
which has been demonstrated in the cfDNA of 8% of
patients. These studies have additionally proven the
amazing benefits of targeted therapy.

Tyrosine Kinase Inhibitors (Imatinib, Sunitinib,
and Sorafenib)
Protein kinases are enzymes that phosphorylate (phos-

phorylation is a chemical reaction involving the attach-
ment of a phosphate group) other proteins in the cell and
thus regulate their activity. In normal cells, the activity of
protein kinases is strictly regulated, but in cancer cells, it
is often out of control and excessive. This causes dis-
turbances in the functioning of many cellular pathways
and the control of the cell cycle, consequently leading to
the stimulation of cell division and uncontrolled tumour
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growth. Inhibition of the excessive activity of protein
kinases is the therapeutic goal of this group of anti-cancer
drugs [39–44].
1. Imatinib is an organic chemical compound used as a drug

in the form of a salt (metal sulfonate) in the treatment of
many other cancers. Imatinib mesylate is metabolised
mainly to the N-desmethyl derivative of piperazine with
similar potency. The cytochrome P450 isoenzyme
CYP3A4 participates in the biotransformation of imati-
nib. Imatinib competitively inhibits the CYP2C9,
CYP2D6, and CYP3A4/5 isozymes. This drug is the first
inhibitor that inhibits tyrosine kinase receptors [40].

2. Sunitinib inhibits multiple receptor tyrosine kinases
that are involved in tumour growth, neoangiogenesis,
and metastatic disease dissemination. Sunitinib has
been identified as an inhibitor of platelet growth factor
receptors, vascular endothelial growth factor receptors
(VEGFR1, VEGFR2, and VEGFR3), stem cell factor
receptors (KIT), FMS-like tyrosine kinase-3 (FLT3),
colony-stimulating factor 1 receptors (CSF-1R), and
glial-derived neurotrophic factor receptors (RET). In
biochemical and cell tests, the basic metabolite of
sunitinib exhibits sunitinib-like activity [41].

3. Sorafenib is a multi-kinase inhibitor. This drug in-
hibits the Raf kinase and thus blocks the Raf signalling
cascade. Additionally, cell division and proliferation
are reduced. It also inhibits several tyrosine kinases,
including those of the VEGF signalling pathway.
Signalling cascades are blocked, and tumour angio-
genesis is reduced [42, 43].

Other Medications
Other medications include crizotinib, entrectinib, and

larotrectinib. Recent research by König et al. [44] has
shown a remarkable response to the treatment of GBM
with larotrectinib. This case allows regular testing of
NTRK fusion proteins. This drug inhibits tropomyosin
kinase receptors TrkA, TrkB, and TrkC. Larotrectinib is
the first (specially developed) drug in its class to be used
to treat any cancer containing certain mutations [44, 45].
Several earlier drugs, including pembrolizumab, have
been eventually approved by the FDA to treat cancer-
specific mutations, but these drugs were initially devel-
oped for particular cancer types [36, 37].

Modern GBM Therapies

Tomoradiotherapy instead of Classic Radiotherapy
Until recently, classical radiotherapy was used [46, 47].

Currently, tomotherapy is used, that is, a technologically

advanced accelerator for irradiation using the IG-IMRT
method. This method enables the delivery of a specific
and planned dose of radiation to the neoplastic tumour,
sparing healthy tissue. IG-IMRT additionally enables the
treatment to be adapted, that is, changing the treatment
plan depending on changing conditions (tissue swelling,
tumour volume reduction, patient weight loss) [48].

Modern 3D Imaging Compared to Conventional
Two-Dimensional Imaging and Proton Therapy
GBM is a malignancy with an exceptionally poor

prognosis. It is not always possible to determine how
this tumour will respond to various types of therapy.
Moreover, so far, there is no precise information about
the effect of protons on GBM at the cellular level [49].
Conventional X-ray radiation therapy is known to dam-
age both neoplastic cells and the surrounding healthy
brain tissue. Proton beam therapy is a newer technique to
combat GBM that improves on the shortcomings of
conventional radiation therapy. This therapy uses pro-
tons instead of X-rays. Compared to X-rays, protons
theoretically focus only on neoplastic tissue, and damage
to healthy tissue is rare [50]. Unfortunately, due to the
high cost of proton radiotherapy, there is no clinical
information on the effectiveness of GBM proton irradi-
ation, particularly at the cellular level [49, 50]. Akolawala
et al. [51] have recently shown the current effectiveness of
medications and radiation. These scientists used the latest
3D imaging, comparing it to typical 2D imaging. In their
study, a 3D “engineering scaffold” was designed depend-
ing on the so-called blood vessel geometry. These vessels
play an essential role in the mechanisms of colonising
GBM cells. Gamma H2A.X was used as a fluorescent
biomarker to detect DNA damage caused by proton
beams in neoplastic cells. In this study, the superiority
of 3D (engineered cellular microenvironments) over 2D
(monolayer cell culture) has been proven, providing a
better in vivo model.

Modulated Electro-Hyperthermia
Hyperthermia therapy can lead to intra-/extracellular

heat-regulated modifications that may promote cell ne-
crosis and/or apoptosis. What is more, hyperthermia
therapy can improve the effect of chemotherapy through
enhanced substrate delivery, and it also increases the
sensitivity of malignant cells to chemo- and radiation
therapy [52, 53].

Fiorentini and Szasz [54] worked out the biophysics of
modulated electro-hyperthermia (mEHT) in detail.
mEHT aims to combine heat with the action of electric
fields to completely damage the tumour (cancerous
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tissue). The differences (electrical properties) between
diseased (cancerous) and healthy tissue should be taken
into account [54–58]. According to conventional hyper-
thermia, the dose is measured by the temperature reached
in 90% of the tumour. This requires monitoring with
intra-tumour thermometers or MR [59] technology. Sci-
entific research by Fiorentini and Szasz [54] has shown
that doses of mEHT are not measured by the temperature
in the tumour, but rather by the amount of energy that
needs to be deposited in the tumour to produce sensitis-
ing and cell-killing effects.

NanoTherm Therapy: A Promising Method of Treating
Recurrent GBM
NanoTherm® therapy is a method used in patients with

GBM when classical methods of treatment have been ex-
hausted. This innovation is based on the combination of
thermal ablation and nanotechnology. A specially developed
and patented ferrofluid, containing magnetic nanoparticles
(1.7 × 1017/mL) of iron oxidewith a size of about 15 nm each,
is introduced directly into the tumour or thewall of the cavity
created after tumour resection. These nanoparticles are
surrounded by a special coating and attack the neoplastic
tissue, sparing the adjacent healthy tissue. However, before
they attack the neoplastic tissue, they are subjected to an
alternating magnetic field, which is produced by a special
generator – NanoActivator®. This magnetic field has a fast-
changing effect, and the temperature of the nanoparticles
increases, destroying neoplastic cells [60].

IMI Based on CVs and OVs
Effective immunotherapy can be achieved through two

strategic approaches: (1) CVs and (2) virotherapy. In the
emerging field of immuno-oncology, CVs and OVs are
promising treatments. The anti-cancer effect of this type
of immunotherapy contains initiating a new immune
response or strengthening the existing immune response
against cancer cells [10].

Cancer Vaccines
CVs are anti-cancer vaccines used in cancer patients for

active specific immunisation. The resulting immunisation
causes T cells to respond to the tumour. The following
lymphocytes are distinguished among T cells: (1) CD4 + T
lymphocytes with Th1 polarisation; (2) cytotoxic CD8 +
T cells with T1 polarisation (CTL); and (3) tumour antigen
(TA)-reactive memory T lymphocytes (MTC) [1]. CVs
activate a specific immunisation that tells the patient’s
immune system about tumour-associated antigens [61].
TA-presenting vaccines can be based on peptides, DNA,
and dendritic cells (DCs), as antigen presenting cells

(APCs) [10, 11]. It should be emphasised that, for example,
DC cells (professional APCs) as CVs may be loaded with
specific peptides [62–65], autologous tumour lysate [11,
66], nucleotides (DNA [67] or RNA [68]) obtained from a
tumour or, for example, from viruses [69].

Virotherapy
OVs, by replicating selectively, play an indispensable

role – they “kill” tumour cells, not through direct viral
oncolysis but through ICD inducers. The ICD enables the
recruitment of APCs, which results in the promotion of
APC maturation, and there is also an interaction between
APCs and dying cells. ICD promotes the phagocytosis of
dying cells and the maturation of APCs. Moreover, ICD
leads to the migration of APCs and the related interaction
with T cells (cross-priming) [10]. However, the blood-
brain barrier may limit the delivery of viral vectors,
considerably compromising their oncolytic efficacy
[70]. Another pitfall may be resistance to virotherapy
generated by glioma stem cells and glioma-associated
mesenchymal stem cells [71, 72].

The Immune-Oncological Centre Cologne (IOZK) in
Germany (Köln) has developed IMI [11, 63, 67], which
aims to stimulate the strong specific immune responses
mediated by T lymphocytes against tumour-associated
antigens in cancer patients (with unique neoplastic neo-
antigens) [73]. These scientists developed an anti-cancer
vaccine called IO-VACR, which is produced individually
for each patient. In addition to DCs, IO-VACR also
contains avian OV, or Newcastle disease virus (NDV),
which enhances the immunogenicity of the vaccine. The
virus was first produced by IOZK in 2015 [74].

The Role of Small Non-Coding RNAs in HSV-G47Δ OV
Infection Therapy in Stem Cells in GBM
Cancer cells called glioblastoma cancer stem cells (GBM-

CSCs) have been proven to be inherently quite resistant to
chemo-radiotherapy, chemotherapy (e.g., TMZ), and radio-
therapy, which causes frequent recurrences of this very
malignant disease [75–77]. It should be emphasised that
GBM is a very invasive tumour [78, 79] containing very
aggressive self-renewing cells. These neoplastic cells (GBM-
CSCs) are characterised by a very strong carcinogenicity
[80] and, therefore, the importance of this viral therapy
should be emphasised. Experimental studies have shown
that hypoxia increases the aggressiveness of cancer cells,
which leads to the induction of angiogenesis, autophagy,
and the inhibition of apoptosis [81–84].

Recent research by Vazifehmand et al. [85] has shown
the important role of small non-coding RNAs, which
consist of microRNAs (miRNAs; 17–22 nucleotides) and
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long non-coding RNAs (lncRNAs; ˃ 200 nucleotides).
Lee and Dutt [86] have shown that non-coding RNAs
play an important role in various GBM processes, such
as tumour initiation, apoptosis, proliferation, and angio-
genesis. The same scientists were the first to show
resistance to chemotherapy (e.g., TMZ) and radiother-
apy. It should be added that Vazifehmand et al. [85] have
shown that non-coding RNAs, that is, miRNA and
lncRNA, are the main target for the oncological virus
(HSV-G47Δ) affecting GBM-CSC in both microenvir-
onments (hypoxic and normoxic conditions). miRNAs
are short, single-stranded RNAs that regulate gene ex-
pression during the post-transcriptional process [86,
87]. lncRNAs are non-coding proteins performing their
biological function at the transcriptional, post-
transcriptional, and epigenetic levels [88]. Dysregulation
of specific lncRNAs plays a major role in the progression
of glioblastoma, intensifying its malignancy [89]. Recent
research by Vazifehmand et al. [85] has shown that non-
coding RNAs (miRNA and lncRNA) are nothing more
than a potential target for the HSV-G47Δ OV in the
microenvironments of hypoxia and normoxia. Their
research has revealed that lncRNA can be targeted by
HSV-G47Δ (in GBM-CSC) in these two microenviron-
ments (normoxia and hypoxia).

Targeting non-coding RNAs in GBM therapy is a very
serious and promising strategy. Until recently, despite
various types of multimodal targeted therapies, GBM has
been considered a deadly disease with limited treatment
efficacy. On the other hand, the studies show that a
therapy including non-coding RNAs and the IOZK vac-
cines presented above (these vaccines have been used for
many years) will be effective in the future [11].

Selective Sodium Iodide Symporter Gene Therapy
The sodium iodide symporter (NIS) gene is a promis-

ing, efficient, and safe therapy gene for systemic admin-
istration. The application of 131-I or 188Re and their
NIS-mediated collection in the tumour environment
allow therapeutic cytoreduction through the β emission
of these radionuclides. This therapeutic concept is estab-
lished, safe, and used for the treatment of thyroid cancer
[90, 91]. In a preclinical study into prostate cancer,
Spitzweg et al. [92] took the first step towards human
NIS gene transfer in non-thyroidal cancer. Spellerberg
et al. [93] used EGFR-targeted polyplexes (GE11). Due
to EGFR overexpression in GBM cells, EGFR is an
attractive candidate for GBM-targeting therapy. Mice
bearing an orthotopic glioblastoma were treated with
mono-dibenzocyclooctyne (DBCO)-PEG24-GE11/NIS
or bisDBCO-PEG24-GE11/NIS, and then 124I uptake

was estimated by positron emission tomography imaging. In
the therapy group, a considerable decrease in tumour growth
and an extension of survival were observed. Further inves-
tigations may reveal the use of radioisotope 131-I in effective
therapy for GBM.

Summary

Currently, neurosurgical treatment is still the standard
for the treatment of GBM with adjuvant therapy in the
form of radio- and chemotherapy. The use of 5-ALA
increases the effectiveness of neurosurgical intervention
as it allows healthy tissues to be distinguished from the
remaining small fragments of the tumour, which in
normal daylight are indistinguishable from healthy tissue.
The scope of resection is therefore more complete. At the
same time, even though, as a result of the operation, a
larger area of the pathological lesion is excised, this
surgical method is less risky for the patient [23–25].

After tumour removal, tomoradiotherapy is now used
instead of classic radiotherapy, which contributes to
better protection of healthy tissues. At the same time,
adjuvant TMZ is used. The use of TMZ nano, or nano-
medicine, is being tested as a new type of therapy.
Unfortunately, due to the infiltrating nature of tumour
growth and its location, there are times when it is not
possible to perform surgery on a tumour. As a result, IMI
comes to the fore. This is based on the individuality of
immunological tumour-host interactions and the concept
of ICD induced by an OV [10]. The same author in
another publication has shown that PAMP, DAMP, and
the endoplasmic reticulum play an important role in OV-
induced ICD. As previously mentioned, an example of an
OV would be an attenuated avian RNA virus, or onco-
logical NDV, which is an essential, life-saving virus [94].

OVs refer to non-pathogenic viruses that specifically
infect cancer cells and cause oncolysis, thereby initiating
post-oncolytic anti-tumour immunity. Like other agents
(e.g., some cytostatic, ionising radiation), OVs can be
classified as ICD inducers. OVs are viruses that can replicate
in neoplastic cells at the same time as lysing them, that is,
breaking them down. Galluzzi et al. [95] show that ICD
causes immunogenic apoptosis, necrosis/necroptosis, prop-
tosis, and autophagic (cancerous) cell death. In summary,
ICD facilitates APC recruitment, directs the interaction
between APCs and dying cells, promotes the phagocytosis
of dying cells, and promotes APC maturation, migration,
and the related interaction with T cells (cross-priming).

Treatment with OVs turns out to be much more
beneficial and safer, with few side effects. It seems,
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however, that OVs “have problems” with infecting cancer
cells. Why? Well, before the OV reaches the infected cell,
natural mechanisms get in the way to prevent it from
spreading throughout the body. But in such a situation it
has additionally been proven that oncolytic NDV can
overcome resistance to treatment [66, 94]. It has addi-
tionally been proven that small non-coding RNAs, that is,
miRNA and lncRNA, are the main targets for the HSV-
G47Δ OV in both microenvironments, and this is a very
promising approach to GBM therapy [85].

This is how the immune system works; after recognis-
ing a virus, it defends itself and tries to destroy the
intruder. This means that OVs must reach the infected
cell before they can be recognised and destroyed by the
immune system. Despite these difficulties, scientists are
still conducting research on other cancers, including
melanoma, pancreatic cancer, and breast cancer. There-
fore, the current trends in GBM therapy involve primarily
the study of mutations and tumour heterogeneity, which
are essential in individual therapy.

Conclusion

At present, due to new advances in medicine, includ-
ing virology, molecular biology, and immunology ther-
apy, there must be a transformation in clinical trials,

requiring changes in both the approach to clinical trials
and the individual approach to the patient. This paper is
a summary of the current therapy strategies for GBM,
for which there were previously only a few therapeutic
options. Cross-sectional knowledge about modern
methods of treatment can be an important guide in
treatment selection, with particular emphasis on its
individualisation.
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