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Objective: to study the effect of antiangiogenic therapy on the quality of life
and the level of headache in patients with recurrent glioblastoma who underwent
radiosurgical treatment.
Materials and methods. A prospective randomized single-center study carried
out at the Romodanov Neurosurgery Institute of National Academy of Medical
Sciences of Ukraine in 2019-2020 involving 45 patients with GB with clinical and
radiological signs of disease progression and local tumor recurrence. In this
regard, patients underwent radiosurgical treatment. In the main group (BEV+)
21 patients after stereotactic radiosurgery (SRS) underwent antiangiogenic
therapy with Bevacizumab (BEV). In the control group (BEV–), 24 patients did
not receive antiangiogenic therapy after SRS.
SRS with the use of a linear accelerator «Trilogy» (6 MeV) using intensitymodulated radiotherapy (IMRT). BEV was administered intravenously, once
every 3 weeks at a dose of 10 mg/kg body weight. Antiangiogenic therapy was
performed under the condition of preserved liver and kidney function, values
of full blood count and blood biochemistry within normal range.
Global health status and headache levels were calculated according to EORTC
QLQ-C30 v. 3.0 and QLQ-BN20 before and six weeks after radiosurgery in the
main and control groups.
Results. There was no a statistically significant difference between the studied
groups of patients’ in quality of life (p = 0.707372) and in headache level (p =
0.846660) before the SRS.
Six weeks after SRS, patients in the main group had a statistically significantly
higher quality of life (p = 0.000015) and a lower level of headache than patients
in the control group (p = 0.000035).
During the observation period in patients of both groups there were no adverse
events of III-IV degree of toxicity, in particular specific complications of
antiangiogenic therapy (hypertension, bleeding, thromboembolism, leukopenia,
proteinuria, gastrointestinal disorders, etc.).
Conclusions. Antiangiogenic therapy statistically significantly improves the
quality of life and reduces the level of headache in patients who underwent
radiosurgical treatment for glioblastoma recurrence.
Keywords: glioblastoma; angiogenesis; anti-angiogenic therapy; bevacizumab;
stereotactic radiosurgery; quality of life; headache

Introduction
Treatment of glioblastoma (GB) - the most malignant
glial tumor of the brain (IV degree of anaplasia
according to the WHO classification 2016) remains
one of the challenges of modern neuro-oncology. Over
the last two decades, due to introduction of modern
treatment standards, it has been possible to increase
the overall survival (OS) of patients with GB from 4.9
to 20.9 months [1,2]. This indicates an improvement in
therapy of patients with both newly diagnosed GB and

tumor recurrence. A common strategy in primary GB
is a surgical treatment followed by radiation therapy
and chemotherapy (СT) with drugs with alkylating
mechanism of action, first of all temozolomide (TMZ),
nitrosourea derivatives (lomustine, c armustine,
fotemustine, etc.), and in case of recurrence of GB antiangiogenic therapy with Bevacizumab (BEV) [3].
Due to the fact that GB is characterized by an
extremely high degree of vascularization, this tumor
may be an ideal target for antiangiogenic therapy [4].
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However, there is an ongoing discussion about the
feasibility and effectiveness of BEV and antiangiogenic
therapy in general in neuro-oncology.
The formation of new blood vessels
(neovascularization) in mammals occurs through
vasculogenesis and angiogenesis. Vasculogenesis is the
process of spontaneous formation of blood vessels from
endothelial progenitor cells due to their differentiation
and proliferation at the stages of embryogenesis.
In the adult body, vasculogenesis occurs with the
development of tumors and restoration of damaged
circulatory system. Angiogenesis is the formation of
new blood vessels from existing ones as a result of
their further branching. Endothelial cells play a main
role in angiogenesis. They form new blood vessels
due to migration and proliferation [5]. In adults within
normal the activity of angiogenesis is very low. Its sharp
activation happens during regeneration processes, in
particular during wound healing, recovery after heart
attack and stroke.
The impor tance of angiogenesis in tumor
development was first discovered by J. Folkman
[6]. This researcher in 1971 proposed the term
«antiangiogenesis», which meant preventing the
penetration of newly formed vessels into early tumor
implants, because the most vulnerable period of life of
a solid tumor is a short period before vascularization.
At this stage of tumor formation, the microscopic
population of tumor cells does not yet have its own
capillaries and exists due to diffuse exchange of
nutrients and waste products of tumor cells with
extracellular space. Numerous studies have shown that
neovascularization provides a constant need for oxygen
and nutrients for continuous tumor growth [7]. In view
of this, inhibition of angiogenesis should lead to tumor
starvation and cell death [6,8].
The formation of new vessels in tumors, apart from
angiogenesis, can be due to other mechanisms (vascular
co-option, vascular intussusception, vasculogenesis
with the participation of bone marrow progenitor cells,
vasculogenesis due to endothelial differentiation of
stem cells, vasculogenic mimicry).
Endogenous factors that affect vascular germination,
depending on the effect, are divided into proangiogenic
(stimulants) and antiangiogenic (inhibitors). There are
more than 10 proteins that stimulate vascular growth.
These include the family of vascular endothelial growth
factors (VEGF), major fibroblast growth factor (FGF-2),
placental growth factor (PlGF-1,2), angiopoietin (ANGPT1,2), interleukin- 8 (IL-8), platelet-derived growth factor
(PDGF), transforming growth factor (TGF-α, TGF-β),
tumor necrosis factor (TNF-α), granulocyte colonystimulating factor, epidermal growth factor, etc. [12].
The key and most studied proangiogenic factor is
VEGF. The human VEGF family includes 5 members
(VEGF-A, VEGF-B, VEGF-C, VEGF-D) and PlGF [13].
VEGF-A and VEGF-B are of paramount importance
in blo o d ve s s els f or mation. V E G F-A s timulate s
proliferation, migration and ensures the survival of
endothelial cells.
All VEGF isoforms bind to related receptors of
tyrosine kinase group (VEGFR), which are predominantly
localized on the surface of vascular endothelial cells and
hematopoietic cells. There are three main subtypes of
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VEGFR: fit-1 (VEGFR-1), KDR / flk-1 (VEGFR-2) and flt-4
(VEGFR-3). The main receptor of the VEGF / VEGFR
signaling pathway is considered to be VEGFR-2. When
interacting with it endothelial cells are activated, their
proliferation, migration and ability to survive increase,
which promotes the formation of new vessels [14].
The main initiator of angiogenesis in the tumor
is hypoxia. In response to hypoxia, HIF-1α (hypoxiainducible factor-1α) is induced during tumor progression,
c ausing inc r eas e d e xpr e s sion and s e c r etion of
proangiogenic growth factors, primarily VEGF. The
interaction of VEGF with its receptors activates the
expression of proteases (matrix metalloproteinases,
type IV collagenases and plasminogen activators) in
endothelial cells, which destroy intercellular contacts
and the basement membrane. Hypoxia also activates
integrins α1β1, α2β1 and αVβ3 - transmembrane
heterodimeric cell receptors that interact with the
extracellular matrix, transmit intercellular signaling and
play an important role in the migration and proliferation
of endothelial cells [15].
In the ar ea of new c apillar y formation, the
vessel dilates, its permeability increases, activated
endotheliocytes migrate into the surrounding space
and proliferate intensively. This results in new capillary
tubes formation, which are surrounded by a newly
formed basement membrane and pericytes [16]. These
de novo tumor vessels, which are anatomically and
functionally abnormal, create insufficient blood flow,
leading to further hypoxia and acidosis.
The molecular biology development and the
focus on personalized medicine have contributed to
the introduction of a fundamentally new approach
in the treatment of patients - using a combination of
drugs that can block tumor progression by different
mechanisms of action and affect different targets.
Antiangiogenic therapy is diverse in the mechanism
of action [17]:
– blocking circulating angiogenic factors in the
intercellular space (BEV - an antibody to VEGF that
selectively binds to VEGF and inhibits its biological
activity or aflibercept, which contains extracellular
domains of VEGFR-1 and VEGFR-2 receptors, acts as a
receptor trap that binds VEGF);
– blockade of angiogenic factor receptors located
on the sur face of endothelial cells, that leads to
inhibition of two or more signaling pathways involved
in angiogenesis (inhibition of signaling from three
known VEGF receptors, platelet-derived growth factor
receptors and FGF (small molecule tyrosine kinase
inhibitors - cediranib, sunitinib);
– the use of epidermal growth factor (EGFR)
inhibitors, which are involved in cell growth regulation
a n d c e l l d i f f e r e n t i a t i o n (m o n o c l o n a l a n t i b o d y
nimotuzumab);
– simulators of inhibitors of endogenous
angiogenesis (angiostatin, endostatin, thrombospondin);
– inhibition of adhesion and migration of endothelial
cells (integrin inhibitor - cilengitide).
One of the promising antiangiogenic drugs is EMAP
II (endothelial monocyte activating polypeptide II) - a
multifunctional protein first identified in malignant
mammalian tumors. Proinflammatory cytokine EMAP
II is a product of proteolytic cleavage of its precursor
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protein proEMAP (AIMP1 / p43), an auxiliary component
of the aminocyl-tRNA synthetase complex of eukaryotes
[18]. Many studies have shown that EMAP II stimulates
apoptosis and autophagy in tumor cells, and also
has antiangiogenic properties [19,20]. One possible
antiangiogenic mechanism of action of EMAP II is the
ability to inhibit the binding of VEGF to VEGFR-1 and
VEGFR-2 receptors, which may be a new therapeutic
strategy to enhance antiangiogenic therapy [21]. In
addition, EMAP II protein has been shown to bind
to α5β1-integrin on the surface of endothelial cells,
preventing them from adhering to fibronectin, which
inhibits endothelial cell proliferation and migration, and
consequently inhibits angiogenesis [22].
The widespread use of antiangiogenic therapy in
oncology in general and neuro-oncology in particular
is associated with BEV [23]. BEV is a genetically
engineer ed r ecombinant humanized monoclonal
antibody to VEGF-A. The drug action and its efficacy
have been thoroughly studied since 1993, both in
experiment and in clinical practice in cancer. BEV has
shown high efficacy in the treatment of malignancies
such as colorectal cancer, lung cancer, ovarian cancer,
breast cancer, renal cell carcinoma, and in particular in
unresectable, recurrent and metastatic tumors [24,25].
Normal cerebral vessels consist of endothelialcells,
pericytes, and basement membrane. Together with
astrocytes, these cells are part of the brain’s unique
struc ture, the blood-brain barrier (BBB), which
selec tively restric t s the exchange of molecules
between the intracerebral and extracerebral circulatory
systems. Rapid invasion of tumor in the brain distorts
the structure and function of BBB. This leads to the
accumulation of fluid and plasma proteins peritumorally
and in the surrounding areas of the brain, which is a
limited space without the lymphatic vascular system
needed to drain excess fluid. Interstitial hypertension
develops in the tumor, fluid accumulates outside the
tumor, which leads to vasogenic cerebral edema. This
is the main reason for the deterioration of patients
with GB [26].
New vessels formed in brain tumors gain abnormal
morphological features. This is a diagnostic marker,
especially for GB, the microvascular network of which
has the form of «glomerular cells». The latter resemble
renal glomeruli, consisting of de novo vessels lined
with endothelial cells, which actively proliferate and
are surrounded by a basement membrane and an
incomplete layer of pericytes [27].
With malignancy of grade III anaplastic astrocytoma
to IV grade according to the WHO there are two main
changes in the biology of the tumor: 1) there are areas
of necrosis due to increased hypoxia of tumor tissue, 2)
microvascular hyperplasia arises as a hypoxia-induced
angiogenic response [28]. Rapid proliferation of tumor
cells leads to the fact that the tumor center becomes
hypoxic and necrotic. In fact, hypertensive dislocation
disorders that result from an increase in tumor volume
cause hypoxia and necrosis. In addition, co-option of
blood vessels and tumor cells increases the expression
of angiopoietin-2 in involved endothelial cells [29].
Tumor cells located near the degenerated vessels
begin to die, forming foci of necrosis. The latter are
surrounded by tumor cells that form pseudopalisades
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and activate VEGF expression. This leads to vascular
hyper plasia, in par tic ular glomer uloid vas c ular
proliferation [30].
In contrast to the above sequence, real-time data
indicate that tumor evolution occurs under conditions
of dynamic interaction between vascular co-option
and neoangiogenesis. Invasive glioma cells have the
ability to reconstruct nearby vessels [31]. At the sites
of physical interaction of glioma cells and capillaries,
the latter can split in two. This type of angiogenesis
is called invaginal or «stratification angiogenesis»
[32]. Moreover, tumor cells are able to attract vessels
that come in contact with the tumor, folding them
and forming vascular loops. There is the formation of
chaotic and tortuous intra-tumor vascular networks,
the appearance of which resembles the glomeruli. Thus,
for further tumor growth and dissemination, glioma
cells can reconstruct the existing vascular system in
different ways [33].
Microvascular density is an indirect indicator of
angiogenesis and correlates with the prognosis in
astroglial tumors, in particular GB is characterized by
the highest degree of microvascular density and the
worst prognosis [34]. Thus, the necessary criteria for
morphological diagnosis of GB, apart from necrosis
area, is the presence of microvascular proliferation.
The hypothesis of ac tion mechanism of
antiangiogenic therapy due to the decrease of vascular
density in the tumor under conditions of «distorted»
angiogenesis was replaced by the hypothesis of influence
on angiogenesis due to normalization of the vascular
network of tumor under antiangiogenic medications.
Functioning vessels remain intact, and the formation
of immature vessels is limited by blocking VEGF, which
results in a decrease of intratumoral interstitial pressure
and improvement of vascular perfusion function. This
enhances the permeability of chemotherapeutic agents
to tumor tissue [35,36].
Angiogenesis in malignant gliomas is an extremely
complex process, which is one of the factors that
determine the extremely aggressive biological behavior
of these tumors. Some aspects of angiogenesis of
malignant gliomas have been carefully studied. However,
this issue needs to be studied more thoroughly.
Antiangiogenic therapy in clinical trials in
neuro-oncology patients
Numerous preclinical studies have shown that
a logical approach to the treatment of malignant
brain tumors may be the impact on angiogenesis.
Antiangiogenic drugs have been developed and tested
in clinical trials [37]. However, only BEV has shown the
greatest efficacy in controlled clinical trials in patients
with GB [38].
In 2009, in the United States and some countries,
BEV was approved by the FDA for monotherapy of GB
recurrence in accordance with promising results of
radiological response to antiangiogenic treatment in
phase II clinical trials [39,40].
In a randomized phase II trial of BELOB, the
effect on the survival of BEV or lomustine treatment
in mono-regime and in combination was studied [41].
The median OS in both types of mono-therapy was 8
months, and in combination treatment - 12 months.
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However, the benefits of combination therapy have not
been confirmed in phase III trial EORTC 26101 [42].
In 2017, the European Medicines Agency rejected
the use of BEV for glioma therapy due to negative
results of studies RTOG 0825 and AVAglio [33,43].
In 2018, the Cochrane Library published an updated
systemic meta-analysis, which analyzed the results
of large-scale controlled studies on antiangiogenic
therapy for GB [17]. Eleven randomized clinical trials
(3743 patients) were selected for analysis, of which 7
studies (2987 patients) were included in the first review
(2014). The design of these studies was characterized
by significant heterogeneity, especially in relation to the
criteria for assessing treatment response. In all trials,
only cases of GB were evaluated, without any other
types of malignant gliomas involvement.
According to the results of 11 studies involved in
the analysis, there was no improvement in OS with
the introduction of antiangiogenic therapy (hazard
ratio (HR) - 0.95 (95% confidence interval (CI) - 0.881.02), p = 0.16; 11 studies, 3743 patients; high level of
evidence). However, in a pooled analysis of 10 studies
(3595 patients) it was proved that antiangiogenic
therapy statistically significantly increases the level of
progression free survival (PFS) (HR - 0.73 (95% CI 0.68-0.79), p <0, 00001; high level of evidence).
The authors performed an additional analysis of
OS and PFS depending on the stage of the disease and
compared the results of combination of antiangiogenic
therapy + CT and only CT. Both in adjuvant treatment
and in the treatment of recurrent GB, there was no
statistically significant increase in OS when using
the combination of antiangiogenic therapy + C T
(respectively HR - 0.93 (95% CI - 0.86-1.02), p = 0.12,
8 studies, 2833 patients; high level of evidence and
HR - 0.99 (95% CI - 0.85-1.16), p = 0.90, 3 studies,
910 patients; medium level of evidence).
The use of antiangiogenic therapy contributed to an
increase of PFS in the subgroups. Combined analysis in
both adjuvant treatment and treatment of recurrence
of GB, showed a statistically significant increase in
PFS respectively HR - 0.75 (95% CI - 0.69-0.82),
p <0.00001; 8 studies, 2833 patients, high degree
of evidence and HR - 0.64 (95% CI - 0.54-0.76), p
<0.00001; 2 studies, 762 patients; medium degree of
evidence). Analysis of PFS in antiangiogenic therapy
in combination with CT compared with CT showed
improvement in this indicator (HR - 0.72 (95% CI 0.66-0.77), p <0.00001; 10 studies, 3464 patients).
As in studies of antiangiogenic therapy in other
solid tumors, adverse events included hypertension
and proteinuria, poor wound healing, increased risk
of thrombosis, although overall class 3 and 4 adverse
events were low (<14.1%) and corresponded to that
described in literature.
In some studies, the impact of antiangiogenic
therapy on the quality of life of patients with malignant
brain tumors has been carefully analyzed [17]. Thus,
one of the parameters studied in the AVAglio study
was quality of life, assessed by EORTCQLQ-C30 scale
and its concomitant module for brain tumors BN20.
It was found that the deterioration of quality of life in
patients treated with BEV occurred later than in the
control group [44].
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Based on a systemic analysis, it was found that
BEV (as an antiangiogenic drug) increases PFS in firstdiagnosed GB and has benefits in terms of survival
in patients with recurrent GB. However, there is no
statistically significant evidence that combination of
antiangiogenic therapy and CT has an advantage in
survival of patients with recurrent GB, but there is
evidence that combination of antiangiogenic therapy
with a particular CT compared with the treatment of
the same CT in a single regimen can improve OS. The
effect of antiangiogenic therapy on quality of life and
clinical symptoms needs further study [17,45].
The question remains unresolved, which subtypes of
GB, depending on their molecular genetic characteristics,
are influenced by antiangiogenic therapy and whether
such therapy is advisable for other types of malignant
gliomas. In this aspect, an interesting study published
in 2019 by K.E. Hovinga et al., who conducted a
retrospective analysis of the results of BEV use in
80 patients with recurrent GB [4]. The obtained data
indicate that the response to BEV was significantly
worse in patients with the classic type of GB than in
those with mesenchymal and proneural type of GB (2.7,
5.1 and 6.4 months, respectively, p = 0.011). It has been
proven that the classic type of GB and amplification of
the EGFR gene are associated with a negative course
and a shorter period to progression both by univariate
analysis (p <0.001 and p = 0.007, respectively) and by
multivariate analysis (for both indicators, p = 0.010).
R.A. Manneh Kopp et al. studied the correlation
bet ween radiologic al and immunohis toc hemic al
parameters and the clinical course in patients with the
first relapse of GB treated with BEV [46]. The following
histological parameters were analyzed: vascular
proliferation, mitotic index Ki-67, molecular factors
(MGMT promoter methylation, EGFR amplification
and EGFRvIII), immunohistochemical parameters
(MET, Midkine, HIF1, VEGF-A, VEGF-R2, CD44, Olig2,
microvascular areas and microvascular densit y),
radiological (per fusion) parameter s (r CBV). The
investigators found no statistically significant correlation
between the response to anti-angiogenic therapy and
the histological, molecular, immunohistochemical, and
radiological parameters. The search for predictive
biomarkers of response to antiangiogenic therapy is
continued. A detailed study of the issue of patients
stratification in order to increase the effectiveness of
antiangiogenic therapy is required.
In many countries, BEV continues to be used to
treat patients with GB. Clinicians note the positive
effect of the drug in prolonging survival without signs
of progress and some palliative effects, in particular
neurological improvement, despite the fact that in
general population of patients there was no noticeable
effect on OS. In particular, the use of BEV may be
promising for neuro-oncology patients, since the drug
has a positive effect on consequences of radiation
therapy (radiation edema, radiation necrosis, and
neurological dysfunction) [47].
In recent decades, approaches to the treatment of
neuro-oncology patients have been acquiring patientoriented features. This is evidenced by the fact that
prolonging survival of patients without maintaining the
quality of life is not considered a satisfactory result of
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treatment, therefore, approaches for a comprehensive
assessment of therapeutic effect using quantitative
indicators of survival and an assessment of the quality
of life are widely introduced. According to the decision
of the American Society of Clinical Oncology (ASCO), the
quality of life is more important than the level of PFS for
evaluating the results of treatment of cancer patients [48].
Headache is the most common form of pain in
patients with malignant gliomas. Headache is an
integrated indicator of manifestations of hypertensive
and dislocation syndromes, depending on the degree, it
can significantly affect the quality of life and treatment
strategy of patients. So, it is natural that there is a clear
relationship between the headache and the quality of life
of patients with GB [49].
There is no consensus on the optimal treatment
strategy for patients with recurrent GB. Although in
most cases GB recurrence occurs in the area of the
primary tumor, re-irradiation, in particular stereotactic
radiosurgery (SRS), is considered as a method that
increases patient survival and associated with an
acceptable level of toxicity [50].
The advantages of SRS, in addition to achieving
local control of tumor growth, include the possibility
of precision supply a high dose of radiation to the
pathological focus and minimization of radiation exposure
to tissues adjacent to the radiation target. However, due
to the fact that SRS is associated with the development
of radiation edema, which is usually exacerbated by
vasogenic peritumoral edema, steroid antiedema therapy
in patients with recurrent GB is long-term and associated
with serious side effects.
Objective: to study the effect of antiangiogenic
therapy on the quality of life and the level of headache
in patients with recurrent glioblastoma who underwent
radiosurgical treatment.
Materials and methods
A prospective randomized single-center study
carried out at the Romodanov Neurosurgery Institute
of National Academy of Medical Sciences of Ukraine in
2019-2020 involving 45 patients with GB with clinical
and radiological signs of disease progression and local
tumor recurrence. In this regard, patients underwent
radiosurgical treatment.
Patient acquisition criteria:
- men and women aged 18 to 76;
- pathomorphological confirmed diagnosis of GB;
- clinical and radiological signs of disease progression
and local recurrence of GB;
- performance status according to the ECOG scale
≤2; Karnofsky scale ≥70;
- life expectancy >3 months;
- voluntary and informed consent of the patient to
participate in the study.
The study was approved by the Commission on Ethics
and Bioethics of the Romodanov Neurosurgery Institute of
National Academy of Medical Sciences of Ukraine (Meeting
Minutes No 3 of June 6, 2016).
Study design
In the main group (BEV+) 21 patients after SRS
underwent antiangiogenic therapy BEV. In the control

http://theunj.org

Ukrainian Neurosurgical Journal. Vol. 27, N1, 2021

group (BEV–), 24 patients did not receive antiangiogenic
therapy after SRS.
Among 45 (100%) patients there were 27 (60.0%)
men and 18 (40.0%) women: in the main group - 61.9%
men (13/21) and 38.1% (8/21) women, in the control
- 41.7% (10/24) women and 58.3% (14/24) men. The
average age of patients was 56.6 years (34-67 years): in
the main group - 57.9 years, in the control - 54.3 years.
Both groups were comparable in terms of sex ratio,
mean age, radiation regime and performance status.
The diagnosis of GB (IV degree of anaplasia) in all
cases was verified pathomorphologically after surgical
treatment of primary tumor. Molecular data on the
presence of mutations of isocitrate dehydrogenase (IDH)
gene in primary tumor are available in 13 (28.9%) of 45
patients (5 in the main group and 8 in the control group).
In all these cases, the IDH mutation was absent (IDH-wildtype). Data on the methylation status of MGMT gene
promoter are available in 17 (37.8%) of 45 patients (7 from
the main group and 10 from the control group). Among
patients of the main group in 5 out of 7 cases and in the
control group in 7 out of 10 cases MGMT gene promoter
was unmethylated. Adjuvant treatment of patients after
surgical treatment of primary tumor included adjuvant
radiation therapy in standard fractionation: 60.0 Gy total
dose in 2.0-Gy fractions - 60.0 Gy against the background
of concomitant СT TMZ (at a dose of 75 mg / m2 of body
surface). Patients received maintenance CT for 5 days with
a 23-day interval (28-day cycle) at a dose of 150–200 mg
/ m2 of body surface area (6 cycles of TMZ), which was
started 4 weeks after the end of RT.
Radiosurgical treatment was performed in the
presence of clinical and radiological signs of disease
progression and local tumor recurrence a linear
accelerator «Trilogy» with bremsstrahlung energy of 6
MeV using intensity-modulated radiotherapy (IMRT). The
application of this irradiation technique makes it possible
to achieve maximum uniformity of dose distribution in
the irradiation target and minimum load on the tissues
adjacent to the target. The following dose regimens and
fractionation were used: at single- fractional irradiation
the prescribed dose per target was 12.0–15.0 Gy, at
irradiation for 3 fractions the dose per fraction - 7.0–9.0
Gy, total dose - 21.0–27.0 Gy , when irradiated for 5
fractions the dose per fraction - 5.0–6.0 Gy, total dose
- 25.0–30.0 Gy.
The average volume of the target radiation was:
Gross Tumor Volume (GTV) - 24.6 cm3 (2.5-78.9 cm3),
Planning Target Volume (PTV) - 78.5 cm3 (6.8-145.4
cm3) ).
BEV was administered intravenously, once every 3
weeks at a dose of 10 mg / kg body weight. Antiangiogenic
therapy was performed under the condition of preserved
liver, kidney function, values of full blood count and blood
biochemistry within normal limits.
Steroid therapy was used as anti-edema therapy after
SRS: dexamethasone intramuscularly (4.0 mg twice a day
in the first week, 4.0 mg once a day in the second week).
Quality of Life and Headache Studies were conducted
using the European Organization for the Research and
Treatment of Cancer (EORTC) QLQ-C30 (Quality of
Life Questionnaire) version 3.0 questionnaire and its
associated module specific for brain tumors QLQ-BN20,
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informational content of which has been demonstrated
in studies [45,51,52].
Patients were interviewed twice: the first time before
SRS, the second time - 6 weeks after SRS. The results
of the questionnaire were summarized according to the
EORTC guidelines QLQ-C30 and QLQ-BN20.
Statistical analysis
Statistical data processing was performed using the
statistical software package Statistica 10.0. Because
the survey scales are discrete, the obtained rank values
for the headache and global health (QoL) domains were
compared in groups using the nonparametric Mann –
Whitney test. The results were considered statistically
significant at p-value of the criterion <0.05.
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Results and discussion
During the observation period (6 weeks) no fatalities
were noted in both groups of patients, therefore the
number of respondents did not change.
The study of patients’ quality of life according to the
global health level determined by the EORTC QLQ-C30
questionnaire before initiation of treatment did not reveal
a statistically significant difference between the studied
groups (p = 0.707372) (Fig. 1). Prior to SRS between
the groups there was also no statistically significant
difference in headache level calculated by QLQ-BN20 (p
= 0.846660) (Fig. 2).
Statistical analysis showed that 6 weeks after SRS,
patients in the main group had a statistically significantly

Fig. 1. The results of calculation
of Global health status /
QoL according to the EORTC
QLQ-C30 questionnaire before
ra d i o s u r g i c a l t r e a t m e n t i n
patients of main and control
groups according to the graphical
model box-and-whiskers diagram

Fig. 2. The results of calculation
the level of headache according
to the QLQ-BN20 questionnaire
before radiosurgical treatment
in patients of main and control
groups according to the graphical
model box-and-whiskers diagram
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higher quality of life (p = 0.000015) and a lower level
of headache than patients in the control group (p =
0.000035) (Fig. 3 and Fig. 4).
Scores representing Global health status and
headache of the interviewed patients before and after
SRS were calculated according to the EORTC QLQ-C30
and QLQ-BN20 calculation recommendations (Table 1).
During the obser vation period in patients
o f b o t h gr o up s t h e r e we r e n o a d ve r s e eve nt s
of III-IV degree of toxicity, in par ticular specific
complications of antiangiogenic therapy (hypertension,
bleeding, thromboembolism, leukopenia, proteinuria,
gastrointestinal disorders, etc.).
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According to the results of our study, it was found
that antiangiogenic therapy statistically significantly
improves the quality of life and reduces the level of
headache in patients who underwent radiosurgical
treatment for recurrence of GB.
The disadvantages of the study include a
relatively small number of observations. The effect of
antiangiogenic therapy on patient survival and quality
of life over a longer follow-up period requires further
analysis.
Quality of life is an important criterion for the
treatment efficcacy of neuro-oncology patients at
all therapeutic stages, both in newly diagnosed and
recurrent tumors. Many studies have shown a positive

Fig. 3. The results of calculation
of Global health status according
to the EORTC QLQ-C30
questionnaire 6 weeks after
ra d i o s u r g i c a l t r e a t m e n t i n
patients of main and control
groups according to the graphical
model box-and-whiskers diagram

Fig. 4. The results of calculation
the level of headache according
to the QLQ-BN20 questionnaire
6 weeks after radiosurgical
treatment in patients of main
and control groups according to
the graphical model box-andwhiskers diagram
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Table 1. Global health status (QoL) and headache according to EORTC QLQ-C30 version 3.0 and QLQ-BN20
before SRS and 6 weeks after SRS in main and control groups
Number
of the
patient in
the group

Headache level on the EORTC QLQ-BN20 scale,
score
Main group, n=21

Control group, n=24

Global health status/QoL on EORTC QLQ-C30
scale version 3,0, score
Main group, n=21

Control group, n=24

Before
SRS

6 weeks
after SRS

Before
SRS

6 weeks
after SRS

Before
SRS

6 weeks
after SRS

Before
SRS

6 weeks
after SRS

16,7

0

100

50,0

66,7

100,0

8,3

50,0

2

100

50,0

100

50,0

8,3

66,7

8,3

41,7

3

50,0

0

83,3

33,3

58,3

91,7

16,7

50,0

4

66,7

16,7

83,3

50,0

33,3

83,3

33,3

41,7

1

5

66,7

0

50

66,7

33,3

100,0

66,7

75,0

6

50,0

33,3

83,3

83,3

66,7

91,7

16,7

16,7

7

100,0

33,3

83,3

67,7

8,3

100,0

25,0

41,7

8

50,0

16,7

100,0

83,3

58,3

91,7

8,3

16,7

9

33,3

0

50,0

50,0

75,0

83,3

66,7

75,0

10

33,3

0

33,3

16,7

75,0

100,0

75,0

83,3

11

83,3

50,0

16,7

0

8,3

58,3

83,3

91,7

12

33,3

16,7

50,0

50,0

75,0

91,7

66,7

41,7

13

50,0

33,3

33,3

33,3

41,7

75,0

41,7

33,3

14

100,0

66,7

66,7

66,7

8,3

50,0

16,7

25,0

15

100,0

50,0

66,7

83,3

8,3

41,7

16,7

33,3

16

83,3

33,3

83,3

100,0

16,7

75,0

16,7

33,3

17

50,0

16,7

66,7

66,7

58,3

91,7

33,3

50,0

18

33,3

0

100,0

83,3

66,7

91,7

16,7

16,7

19

66,7

16,7

50,0

50,0

25,0

83,3

41,7

66,7

20

100,0

16,7

66,7

50,0

8,3

41,7

33,3

41,7

21

50,0

33,3

100,0

66,7

41,7

83,3

8,3

25,0

33,3

33,3

66,7

75,0

23

66,7

83,3

25,0

16,7

24

50,0

66,7

58,3

58,3

22

effect of antiangiogenic therapy on the quality of life
of patients with malignant gliomas, primarily due to
the regression of clinical symptoms caused by brain
edema with tumor progression or radionecrosis, when
steroids have too many side effects [17,47]. However,
one of the biggest obstacles for more extensive
clinical use of antiangiogenic therapy is considered to
be the economic component, namely the high cost of
such therapy. Recently, the staff of Mayo Clinic (USA)
made an analysis of clinical and cost-effectiveness of
antiangiogenic therapy [52]. A survey of 105 members
of Neurooncologists Society (67% of neurooncologists
and 16% of neurosurgeons from 10 countries, 82% of
whom are academic staff) showed that the majority
of respondents (69%) associated the use of BEV in
inpatient neuro-oncology patients with a positive clinical
effect namely, improving the quality of life, neurological
status, reducing the length of hospital stay and faster
recovery. Thus, with the timely use of antiangiogenic
therapy the total cost of medical insurance payments is
decreased, primarily by reducing the period of inpatient
treatment and outpatient medical care.

Thus, the issues of both clinical impac t and
economic toxicity of antiangiogenic therapy remain
controversial and need to be carefully assessed in terms
of both individualization of treatment and the health
care system as a whole.
Conclusions
Angiogenesis of malignant gliomas has unique
properties that are likely to differ significantly from those
of angiogenesis of tumors that have resulted from outside
the central nervous system. Angiogenesis of malignant
gliomas is an extremely complex, multicomponent
cascade of various interactions, the study of which is
continued. Malignant gliomas are able not only to form
their own vessels de novo, but also to reconstruct the
existing vascular network.
With the improvement of understanding of peculiarities
of biological behavior of glioblastoma, the belief in the
expediency of complex treatment of neuro-oncology
patients with simultaneous blocking of various signaling
pathways, in particular those that affect the angiogenesis
of the tumor, increases.
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Numerous clinical studies indicate a positive effect
of antiangiogenic therapy on increased survival without
signs of progression in patients with malignant gliomas
and certain palliative effects, including neurological
improvement, despite the fact that in general patient
population there was no significant effect on overall
survival.
The use of antiangiogenic therapy of bevacizumab
may be promising for neuro-oncology patients, as
this drug has a positive effect on the consequences
of radiation therapy, including radiation edema and
radiation necrosis.
Antiangiogenic therapy may be associated with a
reduction in inpatient treatment, outpatient care, and
faster recovery of neuro-oncology patients.
Analysis of the results of our own research showed
that antiangiogenic therapy improves the quality of life
(p = 0.000015) and reduces the level of headache (p
= 0.000035) in patients who underwent radiosurgical
treatment for glioblastoma recurrence.
Disclosure
Conflict of interest
The authors declare no conflict of interest.
Ethical norms
All procedures performed on the patient during the
study meet the ethical standards of the Romodanov
Neurosurgery Institute of National Academy of Medical
Sciences of Ukraine, National Ethics Committee and
Helsinki Declaration of 1964 and its later amendments or
similar ethical standards. The study was approved by the
Commission on Ethics and Bioethics of the Romodanov
Neurosurgery Institute of National Academy of Medical
Sciences of Ukraine (Meeting Minutes No 3 of June 6, 2016).
Informed consent
Conscious and informed voluntary written consent to
participate in the study was obtained from each patient.
Financing
The study was performed without sponsorship.
References
1. Ohgaki H, Dessen P, Jourde B, Horstmann S, Nishikawa T, Di
Patre PL, Burkhard C, Schüler D, Probst-Hensch NM, Maiorka
PC, Baeza N, Pisani P, Yonekawa Y, Yasargil MG, Lütolf UM,
Kleihues P. Genetic pathways to glioblastoma: a populationbased study. Cancer Res. 2004 Oct 1;64(19):6892-9. doi:
10.1158/0008-5472.CAN-04-1337.
2. Stupp R, Taillibert S, Kanner A, Read W, Steinberg D, Lhermitte
B, Toms S, Idbaih A, Ahluwalia MS, Fink K, Di Meco F, Lieberman
F, Zhu JJ, Stragliotto G, Tran D, Brem S, Hottinger A, Kirson
ED, Lavy-Shahaf G, Weinberg U, Kim CY, Paek SH, Nicholas
G, Bruna J, Hirte H, Weller M, Palti Y, Hegi ME, Ram Z. Effect
of Tumor-Treating Fields Plus Maintenance Temozolomide vs
Maintenance Temozolomide Alone on Survival in Patients
With Glioblastoma: A Randomized Clinical Trial. JAMA. 2017
Dec 19;318(23):2306-2316. doi: 10.1001/jama.2017.18718.
Erratum in: JAMA. 2018 May 1;319(17):1824.
3. Seystahl K, Hentschel B, Loew S, Gramatzki D, Felsberg J,
Herrlinger U, Westphal M, Schackert G, Thon N, Schlegel
U, Tatagiba M, Pietsch T, Reifenberger G, Löffler M, Wick
W, Weller M. P14.108 Bevacizumab versus alkylating
chemotherapy in recurrent glioblastoma. Neuro Oncol. 2019
Sep;21(Suppl 3):iii93–4. doi: 10.1093/neuonc/noz126.343.
PMCID: PMC6795773.
4. Hovinga KE, McCrea HJ, Brennan C, Huse J, Zheng J, Esquenazi
Y, Panageas KS, Tabar V. EGFR amplification and classical
subtype are associated with a poor response to bevacizumab
in recurrent glioblastoma. J Neurooncol. 2019 Apr;142(2):337345. doi: 10.1007/s11060-019-03102-5.

http://theunj.org

5. Egginton S. Physiological factors influencing capillary
growth. Acta Physiol (Oxf). 2011 Jul;202(3):225-39. doi:
10.1111/j.1748-1716.2010.02194.x.
6. Folkman J. Tumor angiogenesis: therapeutic implications.
N Engl J Med. 1971 Nov 18;285(21):1182-6. doi: 10.1056/
NEJM197111182852108.
7. Jo J, Wen PY. Antiangiogenic Therapy of High-Grade
G lio ma s. P r o g N e ur o l Sur g. 2018;31:18 0 -19 9. d oi:
10.1159/000467379.
8. Harper J, Moses MA. Molecular regulation of tumor
angiogenesis: mechanisms and therapeutic implications.
EXS. 2006;(96):223-68. doi: 10.1007/3-7643-7378-4_10.
9. Jain RK, di Tomaso E, Duda DG, Loeffler JS, Sorensen AG,
Batchelor T T. Angiogenesis in brain tumours. Nat Rev
Neurosci. 2007 Aug;8(8):610-22. doi: 10.1038/nrn2175.
10. Ricci-Vitiani L, Pallini R, Biffoni M, Todaro M, Invernici G,
Cenci T, Maira G, Parati EA, Stassi G, Larocca LM, De Maria
R. Tumour vascularization via endothelial differentiation
o f gli o b l a s t o ma s t e m-like c e ll s. N at ur e. 2010 D e c
9;468(7325):824-8. doi: 10.1038/nature09557. Erratum in:
Nature. 2011 Jan 20;469(7330):432. Erratum in: Nature.
2011 Sep 8;477(7363):238.
11. Yue WY, Chen ZP. Does vasculogenic mimicry exist in
astrocytoma? J Histochem Cytochem. 2005 Aug;53(8):9971002. doi: 10.1369/jhc.4A6521.2005.
12. Nishida N, Yano H, Nishida T, Kamura T, Kojiro M. Angiogenesis
in cancer. Vasc Health Risk Manag. 2006;2(3):213-9. doi:
10.2147/vhrm.2006.2.3.213.
13. Ferrara N, Gerber HP, LeCouter J. The biology of VEGF and
its receptors. Nat Med. 2003 Jun;9(6):669-76. doi: 10.1038/
nm0603-669.
14. Ferrara N. Vascular endothelial growth factor as a target
for anticancer therapy. Oncologist. 2004;9 Suppl 1:2-10. doi:
10.1634/theoncologist.9-suppl_1-2.
15. Takada Y, Ye X, Simon S. The integrins. Genome Biol.
2007;8(5):215. doi: 10.1186/gb-2007-8-5-215.
16. Chekhonin VP, Shein SA, Korchagina AA, Gurina OI. [VEGF
in neoplastic angiogenesis]. Vestn Ross Akad Med Nauk.
2012;(2):23-33. Russian. doi: 10.15690/vramn.v67i2.119.
17. Ameratunga M, Pavlakis N, Wheeler H, Grant R, Simes J,
Khasraw M. Anti-angiogenic therapy for high-grade glioma.
Cochrane Database Syst Rev. 2018 Nov 22;11(11):CD008218.
doi: 10.1002/14651858.CD008218.pub4.
18. Schwarz MA, Kandel J, Brett J, Li J, Hayward J, Schwarz
RE, Chappey O, Wautier JL, Chabot J, Lo Gerfo P, Stern D.
Endothelial-monocyte activating polypeptide II, a novel
antitumor cytokine that suppresses primary and metastatic
tumor growth and induces apoptosis in growing endothelial
cells. J Exp Med. 1999 Aug 2;190(3):341-54. doi: 10.1084/
jem.190.3.341.
19. Reznikov AG, Kornelyuk AI. [Aminoacyl-tRNA synthetases:
a new perspective for immunomodulation, regeneration
and antitumor therapy]. Visnyk farmakolohiyi ta farmatsiyi.
2008;(9):2-8.
20. Zhang FR, Schwarz MA. Pro-EMAP II is not primarily cleaved
by caspase-3 and -7. Am J Physiol Lung Cell Mol Physiol. 2002
Jun;282(6):L1239-44. doi: 10.1152/ajplung.00141.2001.
21. Awasthi N, Schwarz MA, Verma V, Cappiello C, Schwarz RE.
Endothelial monocyte activating polypeptide II interferes
with VEGF-induced proangiogenic signaling. Lab Invest. 2009
Jan;89(1):38-46. doi: 10.1038/labinvest.2008.106.
22. Schwarz MA, Zheng H, Liu J, Corbett S, Schwarz RE.
Endothelial-monocyte activating polypeptide II alters
fibronectin based endothelial cell adhesion and matrix
assembly via alpha5 beta1 integrin. Exp Cell Res. 2005
Dec 10;311(2):229-39. doi: 10.1016/j.yexcr.2005.09.008.
23. Poulsen HS, Urup T, Michaelsen SR, Staberg M, Villingshøj M,
Lassen U. The impact of bevacizumab treatment on survival
and quality of life in newly diagnosed glioblastoma patients.
Cancer Manag Res. 2014 Sep 26;6:373-87. doi: 10.2147/
CMAR.S39306.
24. Kim KJ, Li B, Winer J, Armanini M, Gillett N, Phillips HS, Ferrara
N. Inhibition of vascular endothelial growth factor-induced
angiogenesis suppresses tumour growth in vivo. Nature. 1993
Apr 29;362(6423):841-4. doi: 10.1038/362841a0.
25. Ferrara N, Adamis AP. Ten years of anti-vascular endothelial
gr ow th f ac tor ther apy. Nat Rev Dr ug Dis c ov. 2016
Jun;15(6):385-403. doi: 10.1038/nrd.2015.17.

Ukrainian Neurosurgical Journal. Vol. 27, N1, 2021

26. Jain RK, di Tomaso E, Duda DG, Loeffler JS, Sorensen
AG, Batchelor TT. Angiogenesis in brain tumours. Nat Rev
Neurosci. 2007 Aug;8(8):610-22. doi: 10.1038/nrn2175.
27. Brat DJ, Van Meir EG. Glomeruloid microvascular proliferation
orchestrated by VPF/VEGF: a new world of angiogenesis
research. Am J Pathol. 2001 Mar;158(3):789-96. doi: 10.1016/
S0002-9440(10)64025-4.
28. Kaur B, Tan C, Brat DJ, Post DE, Van Meir EG. Genetic and
hypoxic regulation of angiogenesis in gliomas. J Neurooncol.
2004 Nov;70(2):229-43. doi: 10.1007/s11060-004-2752-5.
29. Holash J, Maisonpierre PC, Compton D, Boland P, Alexander
CR, Zagzag D, Yancopoulos GD, Wiegand SJ. Vessel cooption,
regression, and growth in tumors mediated by angiopoietins
and VEGF. Science. 1999 Jun 18;284(5422):1994-8. doi:
10.1126/science.284.5422.1994.
30. Döme B, Tímár J, Paku S. A novel concept of glomeruloid
body formation in experimental cerebral metastases. J
Neuropathol Exp Neurol. 2003 Jun;62(6):655-61. doi: 10.1093/
jnen/62.6.655.
31. Winkler F, Kienast Y, Fuhrmann M, Von Baumgarten L, Burgold
S, Mitteregger G, Kretzschmar H, Herms J. Imaging glioma
cell invasion in vivo reveals mechanisms of dissemination and
peritumoral angiogenesis. Glia. 2009 Sep;57(12):1306-15. doi:
10.1002/glia.20850.
32. Döme B, Hendrix MJ, Paku S, Tóvári J, Tímár J. Alternative
vascularization mechanisms in cancer: Pathology and
therapeutic implications. Am J Pathol. 2007 Jan;170(1):1-15.
doi: 10.2353/ajpath.2007.060302.
33. Delgado-Martín B, Medina MÁ. Advances in the Knowledge of
the Molecular Biology of Glioblastoma and Its Impact in Patient
Diagnosis, Stratification, and Treatment. Adv Sci (Weinh). 2020
Mar 12;7(9):1902971. doi: 10.1002/advs.201902971.
34. Leon SP, Folkerth RD, Black PM. Microvessel density is a
prognostic indicator for patients with astroglial brain tumors.
Cancer. 1996 Jan 15;77(2):362-72. doi: 10.1002/(SICI)10970142(19960115)77:2<362::AID-CNCR20>3.0.CO;2-Z.
35. Inai T, Mancuso M, Hashizume H, Baffert F, Haskell A, Baluk
P, Hu-Lowe DD, Shalinsky DR, Thurston G, Yancopoulos
GD, McDonald DM. Inhibition of vascular endothelial growth
factor (VEGF) signaling in cancer causes loss of endothelial
fenestrations, regression of tumor vessels, and appearance of
basement membrane ghosts. Am J Pathol. 2004 Jul;165(1):3552. doi: 10.1016/S0002-9440(10)63273-7.
36. Kargiotis O, Rao JS, Kyritsis AP. Mechanisms of angiogenesis
in gliomas. J Neurooncol. 2006 Jul;78(3):281-93. doi: 10.1007/
s11060-005-9097-6.
37. Mukherjee A, Madamsetty VS, Paul MK, Mukherjee S. Recent
Advancements of Nanomedicine towards Antiangiogenic
Therapy in Cancer. Int J Mol Sci. 2020 Jan 10;21(2):455. doi:
10.3390/ijms21020455.
38. Winkler F, Osswald M, Wick W. Anti-Angiogenics: Their
Role in the Treatment of Glioblastoma. Oncol Res Treat.
2018;41(4):181-186. doi: 10.1159/000488258.
39. Friedman HS, Prados MD, Wen PY, Mikkelsen T, Schiff D,
Abrey LE, Yung WK, Paleologos N, Nicholas MK, Jensen R,
Vredenburgh J, Huang J, Zheng M, Cloughesy T. Bevacizumab
alone and in combination with irinotecan in recurrent
glioblastoma. J Clin Oncol. 2009 Oct 1;27(28):4733-40. doi:
10.1200/JCO.2008.19.8721.
40. Kreisl TN, Kim L, Moore K, Duic P, Royce C, Stroud I, Garren
N, Mackey M, Butman JA, Camphausen K, Park J, Albert PS,
Fine HA. Phase II trial of single-agent bevacizumab followed by
bevacizumab plus irinotecan at tumor progression in recurrent
glioblastoma. J Clin Oncol. 2009 Feb 10;27(5):740-5. doi:
10.1200/JCO.2008.16.3055.

43

41. Taal W, Oosterkamp HM, Walenkamp AM, Dubbink HJ,
Beerepoot LV, Hanse MC, Buter J, Honkoop AH, Boerman
D, de Vos FY, Dinjens WN, Enting RH, Taphoorn MJ, van den
Berkmortel FW, Jansen RL, Brandsma D, Bromberg JE, van
Heuvel I, Vernhout RM, van der Holt B, van den Bent MJ.
Single-agent bevacizumab or lomustine versus a combination
of bevacizumab plus lomustine in patients with recurrent
glioblastoma (BELOB trial): a randomised controlled phase
2 trial. Lancet Oncol. 2014 Aug;15(9):943-53. doi: 10.1016/
S1470-2045(14)70314-6.
42. Wick W, Gorlia T, Bendszus M, Taphoorn M, Sahm F, Harting I,
Brandes AA, Taal W, Domont J, Idbaih A, Campone M, Clement
PM, Stupp R, Fabbro M, Le Rhun E, Dubois F, Weller M, von
Deimling A, Golfinopoulos V, Bromberg JC, Platten M, Klein M,
van den Bent MJ. Lomustine and Bevacizumab in Progressive
Glioblastoma. N Engl J Med. 2017 Nov 16;377(20):1954-1963.
doi: 10.1056/NEJMoa1707358.
43. Fleischmann DF, Jenn J, Corradini S, Ruf V, Herms J, Forbrig
R, Unterrainer M, Thon N, Kreth FW, Belka C, Niyazi M.
Bevacizumab reduces toxicity of reirradiation in recurrent
high-grade glioma. Radiother Oncol. 2019 Sep;138:99-105.
doi: 10.1016/j.radonc.2019.06.009.
44. Chinot OL, Wick W, Mason W, Henriksson R, Saran F, Nishikawa
R, Carpentier AF, Hoang-Xuan K, Kavan P, Cernea D, Brandes
AA, Hilton M, Abrey L, Cloughesy T. Bevacizumab plus
radiotherapy-temozolomide for newly diagnosed glioblastoma.
N Engl J Med. 2014 Feb 20;370(8):709-22. doi: 10.1056/
NEJMoa1308345.
45. Byrne K, Waller J, Piercy J, Shaw J, Dastani H. P18.10 Impact
of glioblastoma multiforme (GBM) on patients’ quality of life
(QoL). Neuro Oncol. 2017 May;19(Suppl 3):iii123. doi: 10.1093/
neuonc/nox036.474. PMCID: PMC5464091.
46. Manneh Kopp RA, Sepúlveda-Sánchez JM, Ruano Y, Toldos
O, Pérez Núñez A, Cantero D, Hilario A, Ramos A, de Velasco
G, Sánchez-Gómez P, Hernández-Laín A. Correlation of
radiological and immunochemical parameters with clinical
outcome in patients with recurrent glioblastoma treated with
Bevacizumab. Clin Transl Oncol. 2019 Oct;21(10):1413-1423.
doi: 10.1007/s12094-019-02070-6.
47. Wick W, Osswald M, Wick A, Winkler F. Treatment of
glioblastoma in adults. Ther Adv Neurol Disord. 2018 Jul
25;11:1756286418790452. doi: 10.1177/1756286418790452.
48. Wood ME, Vogel V, Ng A, Foxhall L, Goodwin P, Travis LB.
Second malignant neoplasms: assessment and strategies for
risk reduction. J Clin Oncol. 2012 Oct 20;30(30):3734-45. doi:
10.1200/JCO.2012.41.8681.
49. Bennett SR, Cruickshank G, Lindenmeyer A, Morris SR.
Investigating the impact of headaches on the quality of
life of patients with glioblastoma multiforme: a qualitative
study. BMJ Open. 2016 Nov 16;6(11):e011616. doi: 10.1136/
bmjopen-2016-011616.
50. Zwirner K, Paulsen F, Schittenhelm J, Borchers C, Skardelly
M, Zips D, Eckert F. Prognostic parameters and outcome after
re-irradiation for progressive glioblastoma. Acta Neurol Scand.
2017 Sep;136(3):239-245. doi: 10.1111/ane.12719.
51. Kumar N, Kumar R, Sharma SC, Mukherjee A, Khandelwal N,
Tripathi M, Miriyala R, Oinam AS, Madan R, Yadav BS, Khosla
D, Kapoor R. Impact of volume of irradiation on survival
and quality of life in glioblastoma: a prospective, phase 2,
randomized comparison of RTOG and MDACC protocols.
Neurooncol Pract. 2020 Jan;7(1):86-93. doi: 10.1093/nop/
npz024.
52. Sharma A, Low J, Mrugala MM. Neuro-oncologists have spoken
- the role of bevacizumab in the inpatient setting. A clinical and
economic conundrum. Neurooncol Pract. 2019 Jan;6(1):30-36.
doi: 10.1093/nop/npy011.

http://theunj.org

