Transactions of the Institute of Molecular Biology & Biotechnologies, MSE AR, vol. 9, No 1, p. 12-21 (2025)

Anti-VEGF agents in brain tumor therapy: analysis of current clinical trials
Ilgiz Gareev'?, Hongli Zhang®, Elena Zharova*, ElImar Musaev>, Ozal Beylerli'"

'Educational and Scientific Institute of Neurosurgery, Peoples' Friendship University of Russia (RUDN
University), 6 Miklukho-Maklay Str., 117198, Moscow, Russia

’Pirogov Russian National Research Medical University, Ministry of Healthcare of Russian Federation, 1
Ostrovityanov Str., 117997, Moscow, Russia

‘Department of Neurosurgery, First Affiliated Hospital of Harbin Medical University, Heilongjiang Province,
150001, Harbin, PR. China

“Moscow Hertsen Research Institute of Oncology, Branch of the National Medical Radiology Research
Center, Ministry of Health of Russian Federation, 125284, Moscow, Russia

3Sechenov First Moscow State Medical University, 2 Bol'shaya Pirogovskaya Str., 119435, Moscow, Russia

*For correspondence: obeylerli@mail.ru
Received: November 05, 2025; Received in revised form: December 13, 2025; Accepted: December 18, 2025

Brain tumor therapy with anti-vascular endothelial cell growth factor (VEGF) agents/drugs is a
therapeutic approach aimed at inhibiting the growth of new blood vessels that feed the tumor. This
method, often referred to as targeted therapy, uses drugs that block the action of VEGF, which slows
tumor growth and neovascularization. This study analyzes existing clinical trials registered on the
ClinicalTrials.gov website on the therapeutic use of anti-VEGF agents in the treatment of brain
tumors. As of December 2025, approximately 65 registered clinical trials on the use of anti-VEGF
agents in the treatment of brain tumors, including gliomas, meningiomas, schwannomas,
medulloblastomas (adult and pediatric), ependymomas, and metastatic brain tumors, were posted on
ClinicalTrials.gov. Furthermore, recurrent tumors were also studied. However, full results have been
published for only 16 clinical trials demonstrating the safety and efficacy of anti-VEGF agents. The
results of these clinical trials open new horizons for the latest methods of targeted therapy for brain
tumors.
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INTRODUCTION

Antiangiogenic agents are among the most
commonly used antitumor agents/drugs in brain
tumor therapy in clinical practice today. The most
commonly used antiangiogenic drugs are those that
target vascular endothelial cell growth factor
(VEGF) (Chekhonin et al., 2013; Beylerli et al.,
2025). The question of whether certain anti-VEGF
drugs can be used clinically largely depends on the
approval of certain regulatory authorities. It is
known that the possibility of using certain drugs in
clinical practice usually comes from approval by
regulatory agencies such as the U.S. Food and Drug
Administration (FDA) or the European Medicines
Agency (EMEA) (Kang et al., 2024). It should be
noted that rigorous regulatory review is typically
limited to large Phase 3 clinical trials. The adoption
of modern efficacy endpoints such as survival (OS),
progression-free survival (PFS), or response rate
(RR) can be complicated by many factors. These
include access to the same or similar treatment
protocol, in which case the question may not simply
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be whether a new drug should be used earlier or later
than a standard comparator. Clinical efficacy and
toxicity may also depend on the use of concomitant
chemotherapy or radiation therapy or a combination
of both the patient's tumor and non-cancerous
conditions that the patient also has, particularly in
older patients (Niazi SK., 2024; Pisarska et al., 2019;
Roda et al., 2024). Despite this complexity, anti-
VEGF therapy has established itself as one of the
most important classes of drugs for the treatment of
oncological diseases, including brain tumors. The
study aims to analyze the current possibilities of
using anti-VEGF drugs in the treatment of brain
tumors in clinical settings, as well as the possible
side effects of use.

MATERIALS AND METHODS

Search strategy: We conducted a comprehen-
sive search for clinical trials demonstrating the use of
anti-VEGF agents in the treatment of brain tumors,
alone or in combination with chemoradiation.
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Fig. 1. Main anti-vascular endothelial growth factor (VEGF) agents in brain tumor treatment. The mechanism of action
of some (e.g., bevacizumab) is based on binding to VEGF-A/B/C ligands and preventing their interaction with their
receptors (VEGFR-1/2/3) on the surface of endothelial cells (ECs) of the GBM vessels. Others (e.g., ramucirumab)

specifically bind to VEGF receptors and block the binding of the VEGF receptor to the VEGF-A/B/C ligands. Adapted

from Beylerli et al. (Beylerli et al., 2025).

The clinicaltrials.gov database was used to
retrieve all relevant information on ongoing clinical
trials (Guelfi et al., 2024). The search was based on
key words, specifically, in the Condition/disease

search section, we used “brain tumors,” “glioma,”
“glioblastoma,” “meningioma,” “medulloblastoma,”
“schwannoma,”  “ependymoma,” and “brain

metastasis,” and in the Intervention/treatment search
section, we used ‘“vascular endothelial growth
factor” and “VEGF.” The following inclusion and
exclusion criteria were used to select studies, divided
into two stages (Figure 2).

Statistical Analysis: The t-test, ANOVA, chi-
square analysis, or Mann-Whitney test were used. A
p-value of < 0.05 (*), < 0.01 (**), or < 0.001 (**)
was considered statistically significant. Statistical
analysis was performed using IBM SPSS 22.0

software, and graphs were generated using
Graphpad Prism 8.0.
RESULTS AND DISCUSSION

The use of anti-VEGF agents is a relatively
new area with great potential to address many
serious problems in neurosurgery and oncology

(Beylerli et al., 2025; Pellerino et al., 2023; Pan et
al., 2024). While further research may be required
to fully exploit this potential, significant progress
has already been made in studying the efficacy of
anti-VEGF agents (Figure 3).

At the time of this study (December 2025), 65
clinical trials using anti-VEGF agents in the
treatment of brain tumors were registered
worldwide (note: some studies examined two or
more tumor types) (Figure 4).

The number of registered clinical trials has
increased significantly since the first official use of
the anti-VEGF agent bevacizumab (recombinant
hyperchimeric monoclonal IgGl antibody) in the
treatment of recurrent glioblastoma was reported on
Clinicaltrials.gov on January 2, 2006 (Figure 5).
After applying the inclusion and exclusion criteria
in Stage 1 of our study, a total of 23 clinical trials
were excluded because they were either in early
Phase 1, had no Phase specified, had an
inapplicable Phase, or had been withdrawn (Figure
6A). We analyzed the remaining 42 clinical trials by
their field of study, Phase, status, and location
(Figures 6B-C).
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Fig. 2. Flow chart of study design.
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Fig. 4. Distribution of the number of clinical trials in descending order.
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Fig. 5. Statistics of registered clinical trials for testing clinical potential in accordance with the dynamics
of temporary (annual) registrations from the start and registration of the first clinical trial, based on data
from the Clinicaltrials.gov website.

One clinical trial, NCT00985036, included a
study of gliomas and meningiomas that did not
specify a Phase and had a withdrawn status. The 42
clinical trials using anti-VEGF agents in our
analysis are currently ongoing in 18 countries (note:
some studies included treatment or research
centers/institutions in two or more countries)
(Figure 7). The United States, Canada, China,
Germany, Israel, and Australia led the number of
clinical trials.

Only 19 clinical trials using anti-VEGF agents

alone or in combination with chemoradiation were
selected for Phase 2 because they met the stated
criteria for this study, namely, having a
"Completed" status and published results. All of
these clinical trials were primarily in Phase 2,
primarily using bevacizumab alone or in
combination with chemoradiation. Furthermore,
glioma studies accounted for the largest number of
clinical trials. The clinical trials showed positive
results without serious side effects (Table 1).

15



Gareev et al.

B P st specifiod (Uboou; ghoous and memangions |
B Nt apphcabde Phane |Glasva )
0 M | (Ohoou)

| B Tty Prase (Glioe)
B Ml
B Wadawn Kiloms gloma el sexmgpons)
B M 13

B M 30

B M)

BB Complaod
B3 Acove wilout rocrutmont

B Docomad

B Larwaey

Fig. 6. Distribution of clinical trials. (A) Proportion of excluded clinical trials by Phase and Status. (B) Proportion of
included clinical trials by Phase and (C) Proportion of included clinical trials by Status.

0 ush ———— o
Q Canath p—————

Q Chim e
9 Germany 2

9 Australia IR 2

N Number of clinical trials

Fig. 7. Geographical distribution.

16



Anti-VEGF agents in brain tumor therapy. analysis of current clinical trials

Table 1. Distribution of the most effective clinical trials (with a status of “Completed” and with results) registered
on Clinicaltrial.gov as of December 2025 using vascular endothelial growth factor (VEGF) blocking drugs for the

treatment of brain tumors.

NCT number Tumor type Therapy

NCT00369590 (Phase 2) Glioma Ziv-aflibercept

NCT00271609 (Phase 2) Glioma Bevacizumab

NCT00381797 (Phase 2) Glioma Bevacizumab + Fludeoxyglucose F-18 + Irinotecan hydrochloride
NCT01648348 (Phase 1-2) Glioma Anti-endoglin chimeric monoclonal antibody TRC105 +

Bevacizumab

NCT01067469 (Phase 2) Glioma Bevacizumab (standard dose and low dose) + Lomustine
NCT00329719 (Phase 1-2) Glioma Sorafenib tosylate + Temsirolimus + Traditional surgery

NCT00433381 (Phase 2) Glioma Bevacizumab + Irinotecan hydrochloride + Temozolomide
NCT01236560 (Phase 2-3) Glioma Bevacizumab + Temozolomide + Vorinostat

NCT01730950 (Phase 2) Glioma Bevacizumab + Radiation Therapy

NCT01609790 (Phase 2) Glioma Bevacizumab + Trebananib

NCT00884741 (Phase 3) Glioma 3-dimensional conformal radiation therapy + Bevacizumab +

Intensity-modulated radiation therapy + Temozolomide

NCT00492089 (Phase 2) | Glioma, ependymoma and Bevacizumab
meningioma

NCT01753713 (Phase 2) Glioma Dovitinib

NCT01125046 (Phase 2) | Meningioma, schwannoma Bevacizumab

and ependymoma

NCT00883688 (Phase 2) Ependymoma Bevacizumab + Lapatinib

NCT01217437 (Phase 2) Medulloblastoma Bevacizumab + Irinotecan hydrochloride + Temozolomide
NCT01898130 (Phase 2) Metastases Bevacizumab

NCT01767792 (Phase 2) Schwannoma Bevacizumab

NCT01125046 (Phase 2) Schwannoma Bevacizumab

Anti-VEGF agents are widely used in the
treatment of tumors but are associated with a
characteristic set of complications due to the
blockade of angiogenesis. The most common and
clinically significant side effect is hypertension,

which develops due to decreased nitric oxide
production and increased vascular resistance. Anti-
VEGF agents also damage the renal glomeruli,
which is manifested by proteinuria and, in rare
cases, nephrotic syndrome.
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Fig. 8. Schematic illustration of the mechanism of development of arterial hypertension after
the use of anti-vascular endothelial growth factor (VEGF) therapy in brain tumors. Adapted
from Beylerli et al. (Beylerli et al., 2025).
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Fig. 9. Mechanism of influence of anti-vascular endothelial growth factor (VEGF) agents on

hemostasis. Adapted from Beylerli et al. (Beylerli et al., 2025).

Table 2. The presence of

the most serious adverse events that were detected as a result of anti- vascular endothelial

growth factor (VEGF) therapy.

NCT number Serious adverse events
NCT00369590 (Phase 2) Oral hemorrhage and brain ischemia
NCT00271609 (Phase 2) brain ischemia and hemorrhage, seizure proteinuria and thrombosis/thrombus/embolism
NCT00381797 (Phase 2) Alanine aminotransferase increased, neutrophil and platelet count decreased, hypoalbuminemia,

hypocalcemia, hyponatremia, hydrocephalus, seizure, hypertension and intracranial hemorrhage

NCTO01648348 (Phase 1-2)

Thrombosis

NCT01067469 (Phase 2)

Fracture, muscle weakness — generalized, brain ischemia, confusion and headache

NCT00329719 (Phase 1-2)

Lymphocyte count, neutrophil and platelet decreased, serum triglycerides increased,
leukoencephalopathy, peripheral motor neuropathy and seizure

NCT00433381 (Phase 2)

Hemoglobin, hemorrhagic stroke, leukopenia, lymphopenia, neutrophil and platelet count
decreased, abdominal pain, colonic perforation, constipation, chest pain, fatigue, aspartate
aminotransferase increased, convulsions and thrombosis

NCT01236560 (Phase 2-3)

Hydrocephalus

NCT01730950 (Phase 2)

Encephalopathy, seizure, hematoma and thromboembolic event

NCT01609790 (Phase 2)

Cognitive disturbance, seizure and stroke

NCT00884741 (Phase 3)

Lymphopenia, leukopenia, retinal detachment, blurred vision, abdominal pain, constipation, nausea,
fever, neutrophil and platelet count decreased, hyperglycemia, muscle weakness, cognitive
disturbance, intracranial hemorrhage, ischemic cerebrovascular, peripheral motor neuropathy, seizure

NCT00492089 (Phase 2) Thrombosis
NCTO01753713 (Phase 2) Confusion and thrombosis
NCT01125046 (Phase 2) Seizure

NCT00883688 (Phase 2)

Increase serum glutamic pyruvic transaminase (ALT, SGPT), cranial neuropathy CN IX, motor
apnea and dyspnea

NCT01217437 (Phase 2) Sepsis and hypotension
NCTO01898130 (Phase 2) Seizure
NCT01767792 (Phase 2) Headache
NCT01125046 (Phase 2) Seizure

VEGF inhibitors

increased risk of wvascular

ischemic
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(Figure 8 and Figure 9) (Beylerli et al., 2025; Katsi
et al., 2014; Tonooka et al., 2022; Soffietti et al.,
2012; Ferroni et al., 2010). Hemorrhagic strokes are
less common, but the risk increases with the
combination of anticoagulants or coagulation
disorders (Zaborowska-Szmit et al., 2020). The risk
of complications is highest in patients with pre-
existing cardiovascular disease, uncontrolled
hypertension, older age, or diabetes, so regular
monitoring of blood pressure and risk factors is
necessary.

One of the serious, albeit relatively rare,
complications is gastrointestinal perforation and
fistula development, especially in tumors that
invade the intestinal wall. Anti-VEGF agents
significantly delay wound healing, so they are often
discontinued well before surgery and resumed only
after complete healing (Min et al, 2021;
Schiffmann et al.,, 2019). The frequency and
severity of complications depend on the specific
drug, dose, concomitant therapy, and the patient's
comorbidities. Their prevention and management
require regular blood pressure monitoring, urine
protein testing, cardiac function assessment, and
close monitoring for bleeding symptoms and
abdominal pain. Early discontinuation or dose
adjustment if serious toxicities occur, a
multidisciplinary approach, and patient education
about signs requiring immediate medical attention
are essential (Table 2).

Clinical trials of anti-VEGF therapies for brain
tumors are actively underway. The leading drug in
this field is Bevacizumab, which blocks VEGF-A
and prevents the formation of new blood vessels. It
has demonstrated efficacy in reducing tumor
volume and improving symptoms in patients with
recurrent  gliomas. In  randomized trials,
Bevacizumab improves short-term survival rates
and quality of life. However, the long-term benefits
of this treatment remain debated, as the effect is
often short-lived. Many patients receive a
combination of anti-VEGF  agents and
chemotherapy to enhance the effectiveness of the
therapy. Studies are currently underway to combine
anti-VEGF therapies with immunotherapy and
other new treatments. The use of such combinations
helps reduce the risk of brain tumor resistance to
monotherapy, a significant advantage. The
combined use of anti-VEGF agents with
chemotherapy or immunotherapy enhances the
antitumor effect and promotes longer-term
stabilization of the patient's condition. This
approach not only improves quality of life but also
increases overall survival. Combination regimens
allow for more precise tailoring of treatment to the
individual patient and tumor characteristics.
Furthermore, appropriately selected combination

agents can reduce dosages and reduce side effects,
improving treatment safety. Research shows that
combinations of anti-VEGF agents with newer
drugs can promote more effective destruction of
cancer cells and prevent their recurrence. However,
additional clinical trials are needed to identify
optimal regimens, doses, and timing of such
combinations. In the future, the combination of
anti-VEGF agents with other drugs may become a
standard in brain tumor therapy, providing longer-
term disease control. It is important to continue to
study and improve these methods to improve their
effectiveness and safety.

Despite the significant advantages of anti-
VEGF drugs in the treatment of brain tumors, they
also have a number of limitations. One of the main
ones is the development of therapy resistance, when
the tumor adapts to anti-VEGF agents and
continues to grow. Other disadvantages include a
short period of effectiveness, followed by disease
progression. Many patients experience side effects
such as hypertension, bleeding, thrombosis, and
vascular damage. Treatment sometimes causes a
deterioration in general condition or complications
associated with impaired wound healing and
vascular problems. Furthermore, anti-VEGF agents
can reduce quality of life due to their side effects
and the need for long-term treatment. Another
limitation is their cost, which often makes them
unaffordable for some patients. There are also
limitations in their effectiveness for certain tumor
types or in certain patient groups. Finally, the use of
anti-VEGF agents in combination with other
treatments may increase the risk of adverse
reactions and complications.

Overall, anti-VEGF agents are an important
part of the treatment of brain tumors, but they are
not intended to be curative. Research is ongoing to
develop more effective drugs and improve
treatment outcomes. New combinations and
personalized approaches to treating brain tumors
are expected in the future.

CONCLUSION

Angiogenesis is a complex molecular process
that remains incompletely understood. These
clinical studies have demonstrated that anti-VEGF
agents, both alone and in combination with
chemoradiation therapy, may be effective in the
treatment of malignant brain tumors. Based on the
results of 19 completed clinical trials, anti-VEGF
agents are associated with prolonged PFS and a
reduction in vasogenic cerebral edema. Larger
multicenter prospective studies are underway to
confirm these results and assess their impact on
patient survival. These studies are being conducted
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in more than ten countries, including Russia
(NCT03797326). Unfortunately, treatment failure
inevitably occurs in the majority of patients.
Further research is needed to identify other pro-
angiogenic signaling pathways. Furthermore,
combining anti-VEGF agents with immunotherapy
may prevent the development of treatment
resistance  and  maximize survival. New
neuroimaging methods are needed to accurately
assess tumor response to anti-VEGF therapy.
However, inhibition of angiogenesis is a promising
therapeutic approach that may have a significant
impact on the treatment of both primary and
metastatic brain tumors.
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