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Abstract. Glioblastoma multiforme (GBM) is a tumor with 
a high refractory rate to immunotherapy and a low tumor 
mutational burden phenotype, leading to limited immuno‑
genic neoantigens. The present study aimed to investigate the 
sequential use of immunotherapy and bevacizumab in patients 
with GBM, exploring the clinical outcomes and potential 
complications. Patients received various combinations of 
immunotherapy and bevacizumab after standard treatment, 
including surgery, radiotherapy and temozolomide. Clinical 
courses, radiological findings and treatment outcomes were 
monitored and documented during each clinical visit through 
routine physical examinations, imaging studies and review of 
medical records. The efficacy and side effects of this sequen‑
tial drug approach remained unclear. The common features 
of these patients were a marked decline in cognitive function 
and clinical deterioration, assessed clinically in the absence of 
obvious tumor progression. Radiological evaluation was also 
performed, particularly for possible cerebrovascular events. In 
these cases, the potential for sequential treatment to suppress 
tumors while inducing cerebrovascular events was also inves‑
tigated, and patients were not lost to overt tumor progression. 
Notably, further research is required to clarify the mechanisms 
of action and complications associated with the sequential use 
of immunotherapy and bevacizumab in the treatment of GBM.

Introduction

Glioblastoma multiforme (GBM), the most common primary 
brain tumor in adults, accounted for approximately one‑half 

of all central nervous system (CNS) cancers according to data 
from the Central Brain Tumor Registry of the United States 
for the period between 2012 and 2016 (1). Despite aggres‑
sive initial treatment strategies, such as complete surgical 
removal and chemoradiotherapy, adult GBM often recurs 
shortly after initial treatment, indicating its high propensity 
for relapse (2). GBM has been identified as the most common 
and malignant type of glial tumor [World Health Organization 
(WHO) grade IV astrocytoma] (3) in the United States, with 
an annual incidence rate of ~3 per 100,000 individuals (4,5). 
Several studies have demonstrated that GBM is more likely 
to be located in the frontal lobe and insula, and patients with 
GBM have a worse prognosis in terms of progression‑free 
survival (PFS) when the tumor is located on the left side of 
the brain (6‑8). Additionally, predicting the location of the 
tumor and its likelihood to spread can provide preliminary 
information about the prognosis of the disease.

Known for its aggressive behavior, GBM is characterized by 
rapid proliferation, extensive invasion of adjacent brain tissue, 
molecular variability, resistance to standard treatments and 
difficulty in delivering effective chemotherapy to the CNS (9). 
Despite the use of aggressive therapeutic approaches such as 
surgical resection followed by chemotherapy and radiotherapy, 
the prognosis of GBM remains poor, with a median survival 
of ~15 months after diagnosis and a 5‑year survival rate of 
<10% (10,11).

Cognitive decline is a well‑documented consequence of 
GBM (12,13). While the physical effects of tumor expansion, 
such as mechanical dysfunction and brain compression, are 
recognized contributors, the specific mechanisms driving 
this cognitive impairment, other than the effects of brain 
radiotherapy, chemotherapy and neuroinflammation, remain 
largely unidentified. GBM involves complex cellular and 
molecular interactions that contribute to brain dysfunction, 
since glioblastoma cells are capable of secreting neurotoxic 
and immunomodulatory factors that affect nearby neural 
tissues  (14). These factors may exert their effects directly 
through paracrine signaling or indirectly through exosomes 
released by the cancer cells, and are likely to be a major factor 
in the neurotoxic processes leading to cognitive decline in 
affected individuals (14).
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Previous research suggests a marked interplay between 
immunotherapy and anti‑angiogenic treatments across various 
cancer types, including GBM (15). Understanding this interac‑
tion could lead to the development of novel and more effective 
therapy combinations. The tumor microenvironment (TME) 
has been identified as an obstacle that diminishes the efficacy 
of immune checkpoint inhibitors (ICIs) (16‑18). Within the 
TME, the interaction between cancer‑promoting immune cells 
and tumor blood vessels creates a harmful cycle that hampers 
antitumor immunity and promotes cancer growth (19‑21).

During tumor‑induced angiogenesis, the newly formed 
vasculature has an abnormal structure that lacks the specific 
barrier function of normal blood vessels of the blood‑brain 
barrier (BBB)  (22). This effect is stronger in high‑grade 
gliomas, which almost completely lack the BBB barrier func‑
tion, and weaker in diffuse and low‑grade gliomas (23). All 
gliomas, including glioblastomas, have areas of intact BBB, 
especially in the tumor periphery, which is one of the main 
obstacles to their response to drug therapies (22). The forma‑
tion of abnormal tumor vessels enables tumor‑associated 
macrophages (TAMs) and myeloid‑derived suppressor cells 
(MDSCs) to evade detection by adopting an immune‑suppres‑
sive phenotype within the TME. TAMs release factors like 
VEGF, IL‑10, and TGF‑β to suppress antitumor immune 
responses and promote angiogenesis, while MDSCs inhibit 
T‑cell activation and recruit additional suppressive immune 
cells (22,24).

This interaction between the immune system and vascula‑
ture not only establishes a barrier preventing T cell infiltration 
into the tumor but also impairs T cell function and may lead 
to T cell death within the TME (25‑27). Therefore, targeting 
the tumor vasculature is emerging as a promising strategy to 
enhance antitumor immunity and overcome ICI resistance. 
The present review examines the interaction between immune 
and anti‑angiogenic therapies in the treatment of GBM. It 
demonstrates how the sequential use of immunotherapy 
and bevacizumab therapy could induce marked changes in 
the tumor vasculature, highlighting the reciprocal regula‑
tion of blood vessels and immune cells within the TME 
and supporting a combined immunotherapy approach that 
simultaneously targets the tumor vasculature and immune 
defenses.

Case report

Case 1. A 45‑year‑old female patient with a hypervascular 
mass lesion (Fig. 1A), located close to the right parietal vertex, 
underwent surgery at The Department of Neurosurgery, 
Hacettepe University Faculty of Medicine (Ankara, Turkey), 
in September 2018 (Fig. 1A and B), and the pathology indi‑
cated glioblastoma, isocitrate dehydrogenase (IDH) wild‑type 
(GBM). Immunohistochemical analysis was performed on 
paraffin‑embedded tissue samples using primary antibodies 
against ATRX, IDH1, glial fibrillary acidic protein (GFAP), 
Ki67 and p53. The Ki‑67 proliferation index was 30‑35%, 
ATRX expression was preserved, GFAP staining was positive 
and p53 was overexpressed in 80% of the tumor cells. The 
patient received 60  Gy intensity‑modulated radiotherapy 
simultaneously with temozolomide, and then adjuvant temo‑
zolomide treatment was initiated. The patient completed the 

first course of temozolomide treatment in December 2018. 
Progression was detected on the magnetic resonance imaging 
(MRI) captured afterwards (Fig. 1C), and the patient under‑
went surgery again in January 2019 (Fig. 1D). The pathology 
was compatible with GBM, and postoperative changes and 
a residual mass were revealed on the postoperative MRI. 
The first course of treatment with nivolumab (200 mg every 
2  weeks) was started in January 2019. After the second 
course of nivolumab, spinal MRI was performed because 
the patients' lower back pain was severe. After a collapse 
fracture was detected in multiple‑level vertebrae, in February 
2019, L2‑L4 vertebroplasty surgery was performed. The third 
cycle of nivolumab began in April 2019. The treatment of the 
patient was discontinued after the third cycle due to severe 
pneumonitis. In June 2019, a cranial MRI (Fig. 1E) showed 
an increase in the size of the right parietal lesion, perilesional 
edema with heterogeneous contrast enhancement and a lack of 
increased perfusion on the cerebral blood volume map, indica‑
tive of pseudoprogression. These findings extended to the right 
parietal periventricular area and involved the corpus callosum 
splenium.

The treatment of the patient was switched to bevaci‑
zumab‑irinotecan (10  mg/kg bevacizumab, 125  mg/m2 

irinotecan, every 2 weeks) in July 2019; however, after the 
second dose of bevacizumab, the patient was admitted with 
gastrointestinal bleeding, and based on colonoscopy, colitis 
was detected. In December 2019, an MRI (Fig. 1F) showed no 
evidence of tumor progression, but rather pseudoprogression 
due to radiation necrosis. The patient died in October 2020.

Case 2. In October 2019 (Fig.  2A), a 42‑year‑old male 
patient underwent surgery for an intracranial mass at The 
Department of Neurosurgery, Hacettepe University Faculty 
of Medicine, and was diagnosed with glioblastoma, IDH 
wild‑type, WHO grade IV. Immunohistochemical analysis 
was performed on paraffin‑embedded tissue samples using 
primary antibodies against GFAP, Ki67, IDH1, p53 and 
ATRX. GFAP staining was positive, ATRX expression 
was preserved, IDH1 (R132H) and IDH2 were negative, 
confirming IDH wild‑type status. The Ki‑67 proliferation 
index was ~30%, p53 was overexpressed in 10‑15% of tumor 
cells. Total resection was achieved during the operation, as 
confirmed by pre‑ and post‑operative MRI (Fig. 2A and B). 
Following surgery, the patient received chemoradiotherapy in 
the post‑operative period. Subsequently, adjuvant temozolo‑
mide treatment was initiated in November 2019. An increase 
in headache complaints was noted after the fifth cycle of 
temozolomide treatment. The MRI findings were indicative 
of progression (data not shown).

Before re‑surgery, the patient was started on pembro‑
lizumab at a dosage of 200  mg every 3  weeks, and after 
two cycles of treatment (Fig. 2C), surgical intervention was 
performed in July 2020 (Fig. 2D). During screening, acute 
ischemic areas were observed in the right middle cerebral 
artery territory, with extension into the insular and temporal 
regions, located at the junction of the right lateral ventricular 
trunk and the posterior corona radiata (Fig. 2E). Following the 
surgery, the patient underwent four cycles of pembrolizumab 
treatment, and cyberknife treatment was administered in 
September 2020.
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As progression was detected, bevacizumab‑irinotecan treat‑
ment (10 mg/kg bevacizumab, 125 mg/m2 irinotecan, every 
2 weeks) was started in September 2020. In January 2021, a 
cranial MRI (Fig. 2F) performed after four cycles of treatment 
showed progressive changes. The patient, who had been admitted 
to the emergency department since that time complaining of 
continuous seizures, was last observed in the neurosurgical 
intensive care unit in April 2021 and died in June 2021.

Case 3. In January 2021, an intracranial mass was detected 
(Fig. 3A) and operated in a 45‑year‑old male patient (Fig. 3B) 
at The Department of Neurosurgery, Hacettepe University 
Faculty of Medicine, resulting in the diagnosis of glioblas‑
toma, IDH wild‑type, WHO grade IV. Immunohistochemical 
analysis was performed on paraffin‑embedded tissue 
samples using primary antibodies against GFAP, Ki67, 
IDH1, p53 and ATRX. GFAP staining was positive and 
ATRX expression was maintained. IDH1 (R132H) staining 
was negative. The Ki‑67 proliferation index was ~30% and 
p53 was overexpressed in 30% of the tumor cells. Concurrent 

Figure 1. (A) In September 2018, before surgery, a hyperintense expansile 
lesion with prominent enhancement was observed in the right paracentral 
lobule on axial T2‑weighted imaging and post‑contrast axial T1‑weighted 
imaging (white arrows). (B)  Postoperative MRI after the first surgical 
resection in September 2018, confirming GBM pathology (white arrow). 
(C) MRI after the first course of temozolomide in December 2018, showing 
progression (white arrow). (D) Postoperative MRI after the second surgery 
in January 2019, revealing residual GBM and postoperative changes (white 
arrow). (E and F) The right parietal lesion exhibited an increase in size, 
perilesional edema and heterogeneous contrast enhancement (white arrows). 
There was no evidence of increased perfusion on the cerebral blood volume 
map (not shown), indicating pseudoprogression. MRI, magnetic resonance 
imaging; GBM, glioblastoma multiforme.

Figure 2. (A)  A heterogeneous T2 hyperintense tumor with prominent 
perilesional edema was located in the right fronto‑temporo‑insular region 
(white arrows). Additionally, signs of uncal herniation and indentation 
of the right crus cerebri were evident. (October 2019, before surgery). 
(B) Postoperative MRI confirming total resection after surgery in October 
2019 (white arrow). (C) MRI after two cycles of pembrolizumab, showing 
progression in June 2020 prior to re‑surgery (white arrow). (D) Postoperative 
MRI in July 2020 after re‑surgery, following pembrolizumab treatment 
(white arrow). (E) Increased signal intensity on diffusion‑weighted imaging 
with corresponding hypointensity on the apparent diffusion coefficient map 
confirmed the presence of acute ischemia in these areas (white arrows). 
(F) Triventricular hydrocephalus was visible on T2‑weighted imaging and 
fluid‑attenuated inversion recovery imaging in January 2021 (white arrows). 
A wide T2 hyperintensity in the right fronto‑temporo‑insular region was also 
observed. MRI, magnetic resonance imaging.

https://www.spandidos-publications.com/10.3892/ol.2025.14892
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chemoradiotherapy with temozolomide treatment was initi‑
ated for the patient; however, temozolomide treatment had to 
be discontinued due to the side effects of prolonged thrombo‑
cytopenia and neutropenia. Following radiotherapy, adjuvant 
bevacizumab‑irinotecan treatment was started in April 2021. 
After six cycles of treatment, there was a minimal reduc‑
tion in tumor size, accompanied by a decrease in contrast 
enhancement (Fig. 3C).

The patient began to experience numbness in their arms 
and legs ~10 months into the treatment. In April 2022, a cranial 
MRI revealed progressive disease (Fig. 3D), prompting the 
initiation of pembrolizumab treatment at a dosage of 200 mg 
every 3 weeks and the administration of cyberknife treatment 
in June 2022. Following three cycles of treatment, the tumor 

remained stable, surrounding the posterior part of the right 
lateral ventricle (Fig. 3E).

In October 2022, mild compression fractures on the upper 
articular surfaces of the L2‑S1 vertebral corpuscles were 
detected, leading to vertebroplasty being performed in the 
Department of Orthopedics at Hacettepe University Faculty 
of Medicine. In November 2022, the patient was admitted 
to the emergency room with loss of consciousness, and after 
a 2‑month stay in the Neurosurgical Intensive Care Unit at 
Hacettepe University Faculty of Medicine, the patient died in 
January 2023.

Immunohis tochemical  methods and parameters. 
Immunohistochemical analysis was performed on 
paraffin‑embedded tissue samples fixed in 10% neutral buff‑
ered formalin at room temperature for 24 h. Sections (4‑µm 
thick) were cut from the paraffin wax‑embedded blocks. 
Antigen retrieval was carried out using citrate buffer (pH 6.0) at 
95˚C for 20 min, followed by deparaffinization with xylene and 
rehydration in a descending ethanol series (100, 90 and 70%; 
and distilled water). Blocking was performed using 5% bovine 
serum albumin in phosphate‑buffered saline at room tempera‑
ture for 30 min (MilliporeSigma). The following primary 
antibodies were used: ATRX (1:200; cat. no. HPA001906; 
MilliporeSigma), IDH1 (1:50; cat. no. DIA‑H09; Dianova 
GmbH), GFAP (1:1,000; cat. no. G9269; MilliporeSigma), 
Ki67 (1:100; cat. no. ab15580; Abcam) and p53 (1:100; cat. 
no. 2524S; Cell Signaling Technology, Inc.). Incubation with 
primary antibodies was performed overnight at 4˚C. Sections 
were counterstained with hematoxylin at room temperature 
for 2 min. Imaging was performed using a Leica DM2000 
light microscope, and ImageJ software (version 1.53t, National 
Institutes of Health) was used for analysis.

Discussion

GBM is the most common and aggressive form of glial tumor 
in adults  (1). GBM is characterized by rapid growth and 
resistance to standard treatments, and the prognosis of GBM 
remains poor (10,11).

Cognitive decline in GBM is well defined, but the factors 
underlying this pathology, independent of brain radiotherapy 
and chemotherapy and separate from neuroinflammation, are 
not well understood (14). It is likely that GBM cells secrete 
factors that can exert neurotoxic effects that cause cogni‑
tive impairment. Among these factors, glutamate released 
by primary brain tumors has been associated with epileptic 
seizures (28). Wei et al (29) showed that human glioma stem 
cells secrete microvesicles and exosomes containing coding and 
non‑coding RNA molecules that interact with the surrounding 
neuronal structures. In another study, GBM‑derived exosomes 
were shown to increase oxidative stress in cerebellar neurons 
by decreasing cellular antioxidant defenses and increasing 
oxidative damage. In brain tissues, these vesicles may create a 
proinflammatory microenvironment by promoting the differ‑
entiation of neural stem cells into astrocytes or cause cognitive 
decline through multiple mechanisms (14).

The natural environment of the brain tends to suppress 
immune responses (30), a characteristic that the resistance of 
GBM to immunotherapy exploits through various mechanisms 

Figure 3. (A) Tumor infiltration into the corpus callosum splenium and 
protrusion into the intraventricular space, along with involvement of the 
fornixes, was evident in January 2021 (white arrows). (B) Postoperative MRI 
confirming GBM diagnosis after surgery (white arrow). (C) GBM showed a 
slight reduction in size during the interval period (measurements captured 
at the level of the right part of the corpus callosum splenium and anterior 
commissure; white arrows). Additionally, there was a decrease in gross 
contrast enhancement compared with the lesion, which had increased in 
size and diffusely infiltrated the corpus callosum splenium in March 2021. 
(D)  Increased heterogeneity, minimal shrinkage in the corpus callosum 
corpus posterior isthmus and splenium part, and prominent necrotic paren‑
chymal changes, particularly on the right, were observed in April 2022 
(white arrows). A focal area suggested tumoral infiltration, especially in 
the presence of bevacizumab, although it did not exhibit increased cerebral 
blood volume values (not shown). This infiltration extended to the posterior 
part of the right lateral ventricular corpus and the corona radiata. (E) MRI 
following three cycles of pembrolizumab and Cyberknife treatment in June 
2022, showing stable disease surrounding the posterior part of the right 
lateral ventricle (white arrow). MRI, magnetic resonance imaging; GBM, 
glioblastoma multiforme.
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to enhance immunosuppression (31‑35). GBM cells frequently 
express checkpoint proteins such as programmed death‑ligand 
1 (PD‑L1) and cytotoxic T‑lymphocyte associated protein 
4, with higher levels being associated with poorer patient 
outcomes (36). Unlike other cancer types where a high tumor 
mutational burden (TMB) indicates an immunosuppressive 
environment conducive to an effective CD8+ T‑cell response, 
GBM typically presents with a lower TMB (37). This feature 
contributes to its poor prognosis, which results from a lack 
of immunogenic neoantigens to trigger immune responses. 
Notably, in GBM, a higher TMB does not translate into 
improved survival or response to immunotherapy, a departure 
from the pattern observed in other malignancies  (38‑40). 
GBM cells secrete a number of cytokines, such as IL‑1, IL‑6 
and IL‑10, which suppress immune cell activity  (41‑43), 
and chemokines, such as C‑C motif chemokine 22, which 
attract regulatory T cells  (44,45), further enhancing the 
immunosuppressive environment of the tumor. Transforming 
growth factor‑β serves a role in promoting tumor evasion of 
immune surveillance by enabling tumor cell transformation 
and reducing T‑cell migration to the tumor by decreasing 
intercellular adhesion molecule expression on endothelial 
cells (46‑48). This immunosuppression is not confined to the 
tumor site, but extends systemically, as evidenced by altered 
blood T‑cell levels (decreased levels of circulating T cells 
and an increased proportion of regulatory T cells measured 
in peripheral blood) (49) and a high neutrophil‑to‑lymphocyte 
ratio, which adversely affects patient survival (50).

Preclinical investigations present a rationale for merging 
anti‑angiogenesis therapy with ICIs. The interplay between 
tumor immunity and angiogenesis suggests that remodeling 
tumor vasculature might augment the effectiveness of cancer 
immunotherapy. The combination not only increases tumor 
sensitivity to anti‑PD‑L1 therapy, but also facilitates the infil‑
tration of activated T cells into tumors by normalizing tumor 
vasculature and increasing pericyte coverage (51). In addi‑
tion, the formation of high endothelial venules within tumors 
further promotes immune cell infiltration (52). Combination 
treatment with anti‑VEGF and ICI reverses T‑cell deple‑
tion, enhances therapeutic efficacy and increases vascular 
perfusion, potentially improving therapeutic efficacy (53,54).

Despite efforts to develop novel treatments targeting 
angiogenesis and the immune system, no anti‑VEGF and ICI 
combination has extended survival in patients with GBM, either 
newly diagnosed or recurrent (15,55,56). Pembrolizumab in 
combination with bevacizumab was ineffective in prolonging 
overall survival (OS) or PFS in recurrent GBM (55). In a 
phase II study by Nayak et al (55), 80 patients with recurrent 
glioblastoma who had not previously received bevacizumab 
were randomized into two groups: One receiving a combina‑
tion of pembrolizumab and bevacizumab (cohort A; n=50) and 
the other receiving pembrolizumab alone (cohort B; n=30). In 
cohort A, the 6‑month PFS rate was 26.0%, with a median 
OS of 8.8 months. In cohort B, the 6‑month PFS rate was 
6.7% and the median OS was 10.3 months. Poor survival was 
associated with increased baseline dexamethasone use and 
increased post‑therapy plasma VEGF levels, which should 
be evaluated as potential markers in future combination 
trials. A total of 369 patients were enrolled in an open‑label, 
randomized phase 3 clinical trial, with 184 patients assigned 

to receive nivolumab and 185 patients assigned to receive 
bevacizumab. OS was generally comparable across patient 
subgroups (15). The addition of durvalumab to bevacizumab 
also did not improve the outcome of patients with recurrent 
GBM compared with the use of durvalumab alone (56).

Trials of ICIs (both nivolumab and pembrolizumab) in GBM 
are active at all stages of glioblastoma treatment. A retrospec‑
tive case series used single‑agent nivolumab to treat progression 
after bevacizumab in patients with glioblastoma (57). This small 
retrospective study found a minimal benefit in patients with 
recurrent GBM after progression on bevacizumab, but the treat‑
ment approach at this stage of the disease remains unclear. Due 
to the lack of clear evidence regarding the best treatment for such 
patients, post‑bevacizumab therapy also represents an unmet 
need in neuro‑oncology for patients with refractory GBM.

The common feature of the present patient group is 
mainly the sequential use of immunotherapy and bevaci‑
zumab treatment rather than combination treatment, and as 
a result, the patients were observed to have treatment‑related 
changes without tumor progression. The small sample size 
and retrospective nature of the present case series limit the 
generalizability of the present findings and warrant further 
investigation in larger, prospective studies.

The efficacy mechanism of sequential use of drugs is not 
clear in the literature, and the mechanism of various complica‑
tions that develop without tumor progression cannot be clearly 
explained. There are studies showing that vascular structure 
and inflammatory responses change after treatment. Therefore, 
more studies are required to determine the mechanism of 
action of sequential or combined use or whether there is an 
increase in complications such as severe vascular ischemia.

In conclusion, GBM is characterized by an immunosup‑
pressive microenvironment, with its low TMB contributing to 
resistance against immunotherapy. The use of immunotherapy 
in both adjuvant and relapsed settings is being investigated, 
with studies assessing its combination with bevacizumab. 
The present review explored whether the sequential use of 
immunotherapy and bevacizumab can extend PFS. However, 
treatment‑related changes may mimic tumor progression 
without actual disease progression. Further research is crucial to 
clarify the underlying mechanisms and potential complications 
of this sequential therapeutic approach in GBM management.
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