&Y brain
sciences

Systematic Review

Clinical Effects of Inmuno-Oncology Therapy on Glioblastoma
Patients: A Systematic Review

Masoumeh Najafi !, Amin Jahanbakhshi (7, Sebastiano Finocchi Ghersi ®, Lucia Giaccherini 4, Andrea Botti >,

Francesco Cavallieri ¢, Jessica Rossi ®7, Federico Iori
Marzieh Gomar ?, Omid Rezaie 1° and Salvatore Cozzi

check for
updates

Citation: Najafi, M.; Jahanbakhshi,
A.; Finocchi Ghersi, S.; Giaccherini,
L.; Botti, A.; Cavallieri, F; Rossi, J.;
Tori, E; Iotti, C.; Ciammella, P; et al.
Clinical Effects of Immuno-Oncology
Therapy on Glioblastoma Patients: A
Systematic Review. Brain Sci. 2023,
13,159. https://doi.org/10.3390/
brainsci13020159

Academic Editor: Swapan K. Ray

Received: 7 December 2022
Revised: 11 January 2023
Accepted: 13 January 2023
Published: 17 January 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

40, Cinzia Iotti 4, Patrizia Ciammella 4, Mohsen Nabiuni 8,

4,11,%

1 Skull Base Research Center, Iran University of Medical Sciences, Tehran 1997667665, Iran

Stem Cell and Regenerative Medicine Research Center, Iran University of Medical Sciences,

Tehran 1997667665, Iran

Radiation Oncolgy Unit, AOU Sant’Andrea, Facolta di Medicina e Psicologia, Universita La Sapienza,
00185 Rome, Italy

4 Radiation Oncology Unit, Azienda USL-IRCCS di Reggio Emilia, 42123 Reggio Emilia, Italy

5 Medical Physics Unit, Azienda USL-IRCCS di Reggio Emilia, 42123 Reggio Emilia, Italy

6 Neurology Unit, Neuromotor & Rehabilitation Department, Azienda USL-IRCCS di Reggio Emilia,
42123 Reggio Emilia, Italy

Clinical and Experimental Medicine PhD Program, University of Modena and Reggio Emilia,
41125 Modena, Italy

Department of Neurosurgery, Iran Univesity of Medical Sciences, Tehran 1997667665, Iran
Radiation Oncology Research Center, Iran Cancer Institute, Tehran University of Medical Sciences,
Tehran 1416753955, Iran

Hematology-Oncology Department, Jam Hospital, Tehran 1997667665, Iran

Radiation Oncology Deptartement, Centre Léon Bérard, 69373 Lyon, France

*  Correspondence: salvatore.cozzi@hotmail.it; Tel.: +39-3297317608

10
11

Abstract: The most prevalent and deadly primary malignant glioma in adults is glioblastoma (GBM),
which has a median survival time of about 15 months. Despite the standard of care for glioblastoma,
which includes gross total resection, high-dose radiation, and temozolomide chemotherapy, this
tumor is still one of the most aggressive and difficult to treat. So, it is critical to find more potent
therapies that can help glioblastoma patients have better clinical outcomes. Additionally, the prog-
nosis for recurring malignant gliomas is poor, necessitating the need for innovative therapeutics.
Immunotherapy is a rather new treatment for glioblastoma and its effects are not well studied when
it is combined with standard chemoradiation therapy. We conducted this study to evaluate different
glioblastoma immunotherapy approaches in terms of feasibility, efficacy, and safety. We conducted a
computer-assisted literature search of electronic databases for essays that are unique, involve either
prospective or retrospective research, and are entirely written and published in English. We examined
both observational data and randomized clinical trials. Eighteen studies met the criteria for inclusion.
In conclusion, combining immunotherapy with radiochemotherapy and tumor removal is generally
possible and safe, and rather effective in the prolongation of survival measures.

Keywords: immunotherapy; chemotherapy; radiotherapy; glioblastoma; GBM; temozolomide;
immuno-oncologic therapy; cell therapy; vaccine; vaccination; cell-based therapy; check-point
inhibitor; oncolytic viral therapy

1. Introduction

The most frequent primary malignant brain tumor is glioblastoma (GBM). It has a
median survival time of just 15 months, despite stringent clinical standards of treatment that
include gross total resection, high-dose radiation therapy, dose-intensified temozolomide
chemotherapy, and tumor-treating fields (TTF) [1,2]. There is an urgent need for new
treatments, and immunotherapy has recently become very promising for treating cancer in
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different settings [3—6]. There are several modalities for immunotherapy. Recent clinical
studies have shown that immune checkpoint suppression with monoclonal antibody-based
blocking of the programmed cell death protein 1 (PD1) and its ligand can have clinical and
radiographic effects in certain patients with advanced malignancies. After the Food and
Drug Administration approved Sipleucel T, an autologous cellular vaccine that increases
survival for patients with advanced castration-resistant prostate cancer, these clinically
significant immunotherapies were approved [7]. In people with a variety of solid and
hematologic malignancies, vaccination with irradiated autologous tumor cells that are
modified to produce granulocyte-macrophage colony-stimulating factor (GM-CSF), or
“GVAX”, has triggered a robust antitumor immunity and extended life in some patients [8].
A new therapy option being investigated in preclinical studies and clinical trials is dendritic
cell (DC) immunization [8-11]. DC vaccination seeks to stimulate the patient’s immune
system against the tumor because DCs are the most effective antigen-presenting cells.
Additionally, establishing long-term antitumor protection may be possible through the
development of immunological memory.

Adopting immunotherapy treatments for other cancers to glioblastoma is possible,
and different studies have documented some benefits [6,12,13]. Other researchers have
previously shown that 90 percent of GBMs have cytomegalovirus (CMV) antigens, although
the normal brain does not [14-16]. Even though DC-based immunity treatment for high-
grade gliomas (HGGs) appears to be effective, its therapeutic benefit may only apply to a
small subset of patients. It is persistently seen as a tail in the overall survival (OS) curve in
survival assessments of patients who received vaccinations [13,17-19]. Vaccinations against
the heat-shock protein (HSP) promote antigen absorption by antigen-presenting cells and
activated T lymphocytes [20]. It triggers an immune response against the tumor that is
both innate and adaptive [21].

A combination of immunotherapy and radiotherapy may have some synergistic effects
in terms of efficacy and complications. Moreover, the combination of immune radiation
could modulate the microenvironment, rendering it better at tumor killing by priming the
quiescent host immune system [22]. Patients with glioblastoma may develop inflamma-
tory lesions following chemotherapy and radiation (called “pseudo-progression”). Since
their effect is to trigger an inflammatory response against the tumor, vaccinations and
other immunotherapies may worsen this issue. It is critical to accurately distinguish be-
tween lesions brought on by treatment and tumor growth to prevent pointless procedures
and the suspension of potentially curative treatments. Guidelines for immunotherapy
response assessment in neuro-oncology (iRANO) were just released [23,24]. Patients with
glioblastoma generally have a short progression-free survival period, and the formation
of new lesions or progression occurs soon in the course of the disease. However, this
may not necessarily accompany clinical deterioration and is not a definite sign of therapy
failure in immunotherapy. The GBM’s dismal survival rate may interfere with research
on immunotherapy treatments because they usually need some time to show their maxi-
mum effect. Interpretation of immunochemoradiation therapy in GBM should take these
problems into account [25].

However, some authors warn of possible immune-related adverse events and a syner-
gistic effect of radiotherapy and immunotherapy on toxicities [26]. Therefore, elucidating a
combination of immunotherapy and radiotherapy for glioblastoma in the existing literature
is a hot research topic in terms of feasibility, effectiveness, and safety.

2. Materials and Methods
2.1. Search Strategy

A thorough review of the literature served as the study design for this project. To
publish systematic reviews of research evaluating health care treatments, this review ad-
hered to the Preferred Publishing Items for Systematic Reviews publication guideline [27].
The review was generated by the following question: What is the clinical impact of im-
munotherapy in the management of glioblastoma?
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In addition to using the papers found through electronic search and review, this was
accomplished by carefully searching the most significant and pertinent medical resource
databases, including PUBMED, SCOPUS, Cochrane, and Science Direct between 2015 and
2022, based on the considered keywords, including glioblastoma, glioblastoma multiforme
OR GBM, AND immune therapy, immunotherapy, immune cell therapy, immune-oncologic
therapy, cell therapy, vaccine, vaccination, cell-based therapy, checkpoint inhibitor OR
oncolytic viral therapy. Their sources were investigated, a manual search was conducted,
and, if necessary, a discussion with subject-matter specialists was coordinated. The proper
search term (Mesh, Free text) was used.

2.2. Study Selection and Inclusion/Exclusion Criteria

Two blinded investigators searched databases for all eligible studies. Eligibility was
determined using the title or abstract and, if necessary, the whole content. This systematic
review evaluated the clinical impact of immuno-oncology in patients with glioblastoma.
The essay also needed to be original, based on recent English-language publications,
and either prospective or retrospective research to qualify for inclusion. The researchers
examined both observational data and randomized clinical trials. Exclusion criteria were
lack of access to the full text of the manuscript; studies with unclear or irreproducible
results (i.e., lack of clear outcomes or presence of errors in methodology and/or analyses);
and review papers.

2.3. Data Extraction

Two unblinded reviewers independently performed the data collection on structured
collection forms. We resolved disagreements by consensus or by involving a third person.

3. Results

According to the purpose of the study, the initial search returned over 750 studies
with pertinent information using keywords and references. After titles and abstracts were
checked, complete texts were examined, and 18 papers were found to meet the criteria for
admission, with a total number of 1025 patients (Figure 1).
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The studies were phase I and II studies and evaluated the use of immunotherapy in
both newly diagnosed and recurrent glioblastoma. Table 1 summarizes the salient features
and conclusions of the eighteen studies that were included.

To summarize these data, they can be classified according to the information they
present in terms of feasibility, efficacy, and safety of immunotherapy in glioblastoma
patients. These studies were phase I or phase II trials that were nonhomogenous regarding
the patient characteristics, tumor condition, treatment modality, and outcome measures.
Therefore, a pooled analysis could not be performed.

Feasibility

Vaccine-based immunotherapy composed the most prevalent strategy in the selected
studies. Dendritic cell vaccination (DCV) was used in five studies and other vaccination
strategies were used in four. Batich et al. used CMV-specific DCV while the standard
glioblastoma regime (chemoradiation) was maintained. They pulsed DCs with Td toxoids
that improved lymph node migration and outcomes [28]. Akasaki et al. fused autologous
glioma cells with autologous DCs using polyethylene glycol and injected the product
intradermally [29]. Antonopoulos et al. found that DCV concurrent with temozolomide
and delayed DCV are both feasible and effective [30]. Hsu et al. conducted their DCV by
extracting DCs from peripheral blood and pulsing them with tumor lysate overnight before
injection into the patients [31]. Inoges et al. used the same approach and found it sufficient
to produce at least six vaccine doses [9]. Desjardins et al. used a convection-enhanced
delivery system to inject a nonpathogenic polio/rhinovirus (PVSRIPO) chimera into the
tumor resection cavity. The safe delivery of 107 to 10'° 50% tissue-culture infectious doses
(TCID50) was possible [32]. Oji et al. used the Wilms Tumor (WT)-1 intradermal vaccination
for recurrent GBM cases and efficiently found both cellular and humoral responses [33].
Curry et al. mixed irradiated homologous glioma cells with irradiated GM-K562 cells and
were able to obtain sufficient cells in 10 of 11 patients for whom at least four vaccinations
with doses 5 x 10° to 1 x 107 were possible [34].

The other common strategy is T-cell-based therapy. Brown et al. could produce a
sufficient number of CAR T cells against ILI3Rx2 and used it for the first time in three
patients, delivered intracranially using a catheter-reservoir system [35]. Later, they used up
to 10 x 10° per infusion to treat a recurrent multifocal and intraspinal GBM patient. The
injection was performed several times into the tumor resection cavity and cerebral ventri-
cles [36]. Guo et al. produced a chimeric switch receptor T cell (CSR-T) via chimerization
of the extracellular part of PD-1 and the intracellular part of CD28. They could detect the
increased levels of IFN-gamma, IL-6, and T cells following intraventricular or intravenous
administration of 108 CSR-T cells [37]. O’Rourke et al. synthesized EGFRvIII-directed CAR
T cells for the first time in ten recurrent GBM cases. They revealed the transient expansion
of cells in all patients. the median transduction efficiency was 19.75% [38]. Kirkin et al.
produced DNA-demethylated T-helper cells using dendritic cells to activate T helpers in
the peripheral blood, followed by the induction of CT antigen in them. Then, they used
these THs to induce up to 6.8 x 107 cytotoxic T cells and treat 25 patients with recurrent
gliomas [39]. In Weathers et al.’s work, temozolomide was used for lymphodepletion to
maximize the expansion of the T-cell clone against the CMV antigen. In their experience,
26% failure in the expansion was observed. This failure was not seen in normal people,
highlighting the background lymphopenic state in GBM patients [40]. Reap et al. also used
CMV-activated T cells with or without DCV in 22 patients with newly diagnosed GBM and
showed a better cytokine response in the DCV group [40,41].

Checkpoint inhibitors are the third common immunotherapy strategy. Duerinck et al.
used intracerebral ipilimumab and nivolumab plus intravenous nivolumab in 27 patients.
they administered iv nivolumab before and after surgery and injected both drugs into
the tumor resection cavity [42]. George et al. introduced a study using durvalumab
in 162 patients [43]. In clinical trials, PD-1 inhibition via nivolumab, concurrently with
chemoradiotherapy or radiation therapy, did not improve progression-free survival (PFS)
or OS in newly diagnosed glioblastoma [44]. Similarly, it did not improve OS compared
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with bevacizumab in recurrent glioblastoma. Although the response rate to nivolumab was
low (8%) in patients with recurrent glioblastoma, the response was more durable relative to
bevacizumab [45]. Cloughesy et al. compared the neoadjuvant plus adjuvant treatment of
recurrent glioblastoma patients with pembrolizumab to just adjuvant treatment with this
PD-1 blocking drug. They found that in the neoadjuvant group, patients had significantly
higher overall survival. Therefore, neoadjuvant treatment should be considered for future
studies [45].

Efficacy

Most studies do not give sufficient information about the efficacy and the effect on
overall survival and progression-free survival because they are often single-armed and
lack enough statistical power to be compared with historical cohorts. Moreover, the
patient characteristics are so different that they could not be matched in a comparison.
Some studies with a limited number of cases reported long-term survivors. The survival
rates are presented in Table 1. Duerinck et al. reported a statistically significant longer
overall survival (median: 38 months) after treatment with nivolumab and ipilimumab
in comparison with matched historical cohorts [41]. Other studies have reported overall
survival rates which are higher relative to the standard treatment and have also reported
multiple cases with exceptionally long survivals. However, the observed effect cannot be
tested by a perfect statistical design [8,28,31,32,34,35,38]. Batich reported more than 5-year
survival times in one-third of patients, irrespective of age, performance status, IDH, and
MGMT [27].

Oji et al. deduced that when IgG (humoral response) is increased in response to WT-1
peptide vaccination, in addition to the cellular response, it is strongly associated with a
higher PFS and OS [32]. Hsu et al. mentioned that the tumor-infiltrating lymphocytes (TILs)
are associated with time-to-progression (TTP), but just in patients who received DCV and
not in control patients [30]. Antonopoulos et al. showed that there is no difference in the
overall survival of patients who received DCV either concurrently or after temozolomide
chemotherapy [29].

Safety

In terms of adverse effects and toxicities, the results are rather consistent. No study
reported a high incidence of serious complications. No systemic autoimmune reaction
was reported. According to the grading system proposed by the National Cancer Institute
Common Terminology Criteria for Adverse Events, grade I or II complications such as fever,
neutropenia, and thrombocytopenia were fairly common. However, despite concomitant
chemoradiation and immunotherapy in most studies, grade III and higher complications
that could be attributed to the treatment regimen were a rare occurrence.

In the study by Desjardins et al., of nine patients in the dose-escalation phase, two had
grade Il adverse events, and of fifty-two patients in the dose-expansion phase, nine patients
experienced grade III adverse events and one had a grade V adverse event attributable
to PVSRIPO [31]. Inoges et al. reported two neutropenia and thrombocytopenia grade
III events in their study that were attributable to chemotherapy [8]. Weathers et al. also
encountered two grade IV neutropenia and thrombocytopenia and one grade III seizure and
confusion [39]. In the study by Brown et al., of three patients, one had grade III headaches
and one had grade III transient neurologic deficits when treated with 108 doses, but not
with 5 x 107 doses [34]. In the other study using EGFRVIII CAR T cells, two patients,
for whom silituximab (anti-IL-6) was administered, developed seizures and neurologic
decline [37]. There were no sufficient data to compare complications in different types
of immunotherapies.

Concerning radiologic lesions that may occur after treatment with chemoradiation
or immunotherapy, it is difficult to distinguish them from each other or from tumor
progression. There might be a synergistic effect between different treatment modalities,
and there may be a significant time overlap between tumor progression or treatment
response (pseudoprogression). Alcaide-Leon et al. found a higher incidence of treatment-
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related lesions in newly diagnosed GBM cases rather than recurrent ones. They used ADC
(apparent diffusion coefficient) imaging for the diagnosis [46].

Table 1. The primary features and outcomes of the selected studies.

Type of Mean Case of Patients
Ref. M Glioblastoma L Immunotherapy Conclusions
Phase Age Characteristics
(Male-Female)
Vaccination with
cytomegalovirus No severe adverse events.
Reap EA etal. Randomized 565 17 patients Newly diagnosed yhos hoprotein Polyfunctional T-cell responses
(2021) [41] phase II ' (12-5) GBM phosphop correlated with
65(pp65) RNA-loaded . .
o improved survival.
dendritic cells
George et al. Phase IT 55 162 patients Newly diagnosed Median PFS: 106 days. Median OS:
(2022) [43] ’ (69%, 31%) GBM 207.5 days.
2-year OS: 33.6%.
Dendritic cell Median OS:19 months.
Antonopoulos 1 . Newly diagnosed N . No difference in OS for patients
01 patients . vaccination during . .
etal. Phase II 58 high-grade . treated with vaccine.
(2019) [30] (65-36) gliomas adjuvant Concurrent or adjuvant TMZ
temozolomide (TMZ) P - ’
Specific immune profiles may
predict the result.
Granulocyte- No 'dose—hmfltlng toxicity.
A clear increase in the intensity of
Curry et al 10 patient lm gci‘;%g;ge 1 inflammatory infiltrates.
(2012}; e[o) 4]' Phase I trial 53.34 1(39_5 S Recurrent GBM co ?ni})](e d wit;e s Increased activation markers in
- . both CD4* and CDg* T cells.
autologous glioma I d antibod
vells ncreased antibody response to
angiogenic cytokines.
No treatment-related toxicity.
Median PFS: 1.3 months.
Median OS: 12 months.
Seropositivity for CMV does not
Weathers at . Newly diagnosed Cytomegalovirus necessarily means a good tumor
al. (2020) [40] Phase I/1II 501 20 patients GBM pp65-specific T cells response to treatment.
Repetitive injections reduced
cytokines and effector activity of T
cells, probably because of antigen
heterogeneity.
First-in-human trial of
Brown et al IL13(E13Y)-zetakine IL13Ra2-specific CAR T cells.
(2015) [35] ’ Phase I study 485 3 patients Recurrent GBM CD8 CTL targeting Response in 2 of 3 patients in
o IL13Ra2 terms of reduced IL-13 expression
and reduction in MRI lesion.
No grade III or greater
Guo et al Chimeric switch The meﬁzsrgesieg Sr.nonths
(2019) [37] Phase I study 44 14 patients Recurrent GBM receptocre"lf1 éCSR—T) Increased levels of IFN-gamma
and IL-6, and increased number of
T cells in CSE.
Nearly one-third of patients were
Batich et al Randomized Newly diagnosed Cytomegalovirus fong-term sér;:;i;)s fourvived>
(2020) [28] P};aze I 505 50 patients. GBM (CMV)—sp? cific DC This effect was independent of age,
study vacemes KPS, and IDH or MGMT
mutations
No treatment-related
adverse effects.
Activation of normal A large number of CD8+ and NK
Kirkin et al. Phase I study ) 25 patients Recurrent GBM lymphocytes with cells were detected.

(2018) [39]

DNA-demethylated

T-helper cells

Disease control in 5 of 10 patients
receiving 3 injections.
In 3 patients: long-term regression
of the tumor.
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Table 1. Cont.

Type of Mean Case of Patients
Ref. Glioblastoma L Immunotherapy Conclusions
Phase Age Characteristics
(Male-Female)
No grade > 3 toxicity.
. Medians of PFS and OS of
Both newl Fusion of autologous Group-Recurrence (n = 10) were
Akasaki et al. Phase I/11 4 2 pati di d Y d DCs and glioma cells 1 pd 1 h - d th ¢
(2016) [29] study 54.6 32 patients iagnosed an using polyethylene 0.3 and 18.0 months, and those o
recurrent GBM lveol Group-Newly diagnosed (n = 22)
giyco were 18.3 and 30.5
months, respectively.
The iRANO advice of a 6-month
Alcaide-Leon Phase I 27 patients Newly diagnosed Heat-shock protein window in which worsening
et al. (2020) 55 p ycag Pr illness should not be notified after
study (15-12) GBM (HSP) vaccine . .
[47] immunotherapy begins was not
supported by this study.
. 27 patients with Ipilimumab (IPI) Median OS: 38 weeks.
Duerinck at Phase II X 6-month, 1-year, and 2-year OS
55 recurrent GBM Recurrent GBM and nivolumab o o
al. (2021) [42] study rates: 74.1%, 40.7%, and
(17-10) (NIVO) o .
27%, respectively.
Median PFS: 83 days.
Median OS: 252 days.
- Humoral response (Ig-G
" . Wilms’ tumor gene 1 . .
Oji et al. Phase I 59 patients ¢ production) against WT-1
(2016) [33] study 51 (37-22) Recurrent GBM (WTl). peptlde associated with longer PFS and OS.
vaccination . . .
Longest survival in patients who
developed both IgG response and
delayed-type hypersensitivity.
At 24 and 36 months, the survival
rate for patients who underwent
o Recombinant PVSRIPO immunotherapy was
Desjardins Phase II 61 patients nonpathogenic reater than the rate for
etal. (2018) 1 55 p Recurrent GBM N p e & & i h
[32] study (36-25) polio—rhinovirus istorical controls.
chimera (PVSRIPO) Two patients remained alive for
69 months.
. Dendritic cells pulsed Time to progression (TTP) and
Hsu et al. Phase I/11 15 patients Newly diagnosed with tumor lvsate overall survival significantly
(2016) [31] study b GBM i h}; correlated with tumor-infiltrating
overnig lymphocyte (TIL) concentration.
Chimeric antigen Multlple. intracranial and stal
Brown et al A 50-year-old receptor tumors disappeared according to
: 50 y Recurrent GBM P MRI and PET after CAR T-cell
(2016) [36] man (CAR)-engineered T .
ls therapy, and this response
ce maintained for 7.5 months.
No dose-limiting toxicity.
The first trial in humans.
O'Rourke . In all patients, transient expansion
etal. 2017) Phase I study 60.5 10 patients (5-5) Recurrent GBM EGFRvITI-directed of CAR T cells was detected in
CART cells - -
[38] peripheral blood transduction.
Efficiency: 19.75%.
Target dose: 1-5 x 108.
No adverse effects related to
immunotherapy.
- . Median OS: 23.4 months.
Vaccination with Increased immune cell
Inogés et al. Phase II 61 32 patients Newly diagnosed  autologous dendritic roliferation and cvtokine
(2017) [9] study P GBM cells pulsed with p Y

whole-tumor lysate

production in 11 of 27
evaluated patients.
This increment did not correlate
with the overall survival rate
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4. Discussion

Despite advances in the understanding of molecular changes in glioblastoma, effective
targeted therapies are lacking. Bevacizumab, a monoclonal antibody against the vascular
endothelial growth factor, is the only approved addition to recurrent glioblastoma manage-
ment [48]. Immunotherapy has made fundamental changes in the treatment and outcome
of some cancers, such as melanoma. These changes encourage researchers to find a new
treatment horizon for other cancers. Glioblastoma has been investigated for the feasibility
of different immunotherapy approaches, i.e., checkpoint inhibitors, antigen-based and
dendritic cell vaccination, and T-cell-based immunotherapies. Moreover, a combination
of immunotherapy approaches has been tried. For example, CMV-activated T cells, when
administered along with dendritic cell vaccination, may produce a higher immunologic
response [41].

Checkpoint inhibitors are among the most straightforward approaches and are being
used widely for other cancer types. Preclinical studies of programmed cell death protein
1 (PD-1) pathway inhibition showed promising results in gliomas [49,50]. The timing of
the administration of checkpoint inhibitors may be an issue in their effectiveness. As it has
been shown, adding neoadjuvant treatment may increase overall survival [46]. Among
the different modalities for immunotherapy in glioblastoma, dendritic cell vaccination
has gathered considerable attention after some encouraging reports showing acceptable
efficacy and safety levels [13]. It is well acknowledged that DC immunization improves
OS in GBM patients [18,19]. T-cell-based approaches are technically more demanding and
probably more expensive. T cells can be engineered to increase the immune response
nonselectively [37,39] or be modified to target specific targets [35,36,38,40].

Apart from choosing the immunotherapy modality (either of three modalities or
their combinations), the approach of delivery is an important concern, especially in brain
tumors because of the presence of a blood-brain barrier that limits the access of many
therapeutics to the tumor microenvironment. Among the selected trials, it is obvious that
besides intravenous and intradermal delivery methods, intracranial infusions have led to
favorable results. Direct infusion into the tumor resection cavity or the cerebral ventricles
may increase the efficiency of the technique in reducing adverse events, although it has
accompanying complications specific to neurosurgical procedures, such as hemorrhage
into the catheter passage canal [35-37,42].

Another feasibility issue is that, for most patients, particularly newly diagnosed
glioblastoma patients, we cannot ignore the standard treatment for immunotherapy. In the
selected trials, no patient had been deprived of radiation and temozolomide radiotherapy.
Despite that, we observed sufficient efficacy and an acceptable toxicity profile.

Immunotherapy for glioblastoma is still in its childhood. So, speaking about the
effectiveness is difficult due to the sparsity of well-designed trials with a sufficient number
of patients. Most studies are single-armed and are very heterogenous in their patient
population and treatment technique. So, the comparison of different studies with each
other or with historical cohorts with standard treatment is difficult. Numerous factors
affect treatment response and survival rates. It has already been proposed that immune
cell subpopulations, their relative numbers, and their evolution may affect the prognosis
of patients with cancer [51-53]. The OS and progression-free survival (PFS) of GBM
patients undergoing autologous dendritic cell/tumor antigen vaccine (ADCTA) treatment
are both significantly impacted by the PD-1+/CD8+ ratio. Age, the extent of the gross
total tumor removal, the use of full concurrent radiation and chemotherapy (CCRT), and
the PD-1 lymphocyte count are additional relevant statistical variables. Peripheral blood
mononuclear cells are often known as TIL (PBMCs) [54]. So, we can just rely on the
case series and small population studies that have revealed some promising outcomes
(Table 1). Interestingly, there might be some synergistic effects between standard treatment
and immunotherapy. There is evidence that radiation has impacts beyond just getting
rid of the tumor cells with the highest radiosensitivity. Local radiation increases the
vulnerability of solid tumors to immune-mediated killing, possibly through promoting
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dendritic cell and effector T-cell infiltration and activity [55]. The delivery of concomitant
chemoradiotherapy is likely the cause of the greater prevalence of treatment-induced
lesions observed in vaccination studies for newly diagnosed gliomas compared to studies
in recurrent gliomas [46]. So, it seems to be a double-edged sword.

Several investigations on glioma patients who received vaccination therapy looked
into the emergence of treatment-induced lesions. In a dendritic cell vaccination study, adults
with recurrent gliomas were shown to have a 4.5 percent incidence [55,56]. Of the other
research work, 33% experienced treatment-induced lesions. However, in our study, it is
clear that different modalities of immunotherapy in combination with standard treatments
are safe enough. For nontoxic doses, an adequate treatment effect has been observed in
many patients. However, phase III trials should be released with larger populations and
longer follow-ups to reach a more accurate safety profile.

5. Conclusions

The need to identify new treatments for patients suffering from primary or recurrent
glioblastoma has aroused increasing interest in the use of immunotherapy. There is a
huge heterogeneity in immunotherapy studies, so it is difficult to deduce a final decision
about the selection of treatment protocol. In this study, we summarized the most salient
immunotherapy trials on glioblastoma and tried to explain what can be extracted from
them in terms of the feasibility of different treatment approaches and combinations, their
efficacy, and safety. Although they have not entered clinical practice due to the small
number of patients enrolled in the clinical trials, immunotherapy is safe with or without
concurrent standard treatment and appears to impact overall survival. However, as it was
mentioned earlier, 65% of oncologic studies are not consistent when repeated and only 6%
are expected to be reproducible [27]. This problem is more evident in glioblastoma, which
is a rare malignancy. The heterogenic antigen profile in glioblastoma is also an important
factor that affects the reproducibility of immunotherapy in different patient populations.
Therefore, studies with larger numbers of patients and better designs are needed to draw
more confident conclusions.

Author Contributions: Conceptualization, S.C.; methodology, M.G., O.R., A.B. and M.N. (Masoumeh
Najafi); validation, A.J. and P.C.; investigation, S.EG.,].R. and F.L; resources, M.G., O.R. and M.N. (Ma-
soumeh Najafi); data curation, L.G. and F.C.; writing—original draft preparation, M.N. (Masoumeh
Najafi), A.J. and M.N. (Mohsen Nabiuni); writing—review and editing, P.C., C.I. and S.C.; project
administration, S.C. All authors have read and agreed to the published version of the manuscript.

Funding: This study was partially supported by the Italian Ministry of Health—Ricerca Corrente,
Annual Program 2023.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

1. Stupp, R.; Mason, W.P; Van Den Bent, M.].; Weller, M.; Fisher, B.; Taphoorn, M.].; Belanger, K.; Brandes, A.A.; Marosi, C.; Bogdahn,
U. Radiotherapy plus concomitant and adjuvant temozolomide for glioblastoma. N. Engl. J. Med. 2005, 352, 987-996. [CrossRef]

[PubMed]

2. Stupp, R; Tailibert, S.; Kanner, A.; Read, W.; Steinberg, D.; Lhermitte, B.; Toms, S.; Idbaih, A.; Ahluwalia, M.S.; Fink, C. Effect
of Tumor-Treating Fields Plus Maintenance Temozolomide vs. Maintenance Temozolomide Alone on Survival in Patients with
Glioblastoma: A Randomized Clinical Trial. JAMA 2017, 318, 2306-2316. [CrossRef] [PubMed]

3. Bruni, A,; Scotti, V.; Borghetti, P; Vagge, S.; Cozzi, S.; D’Angelo, E.; Giaj Levra, N.; Fozza, A.; Taraborrelli, M.; Piperno, G.; et al.
Corrigendum: A Real-World, Multicenter, Observational Retrospective Study of Durvalumab after Concomitant or Sequential
Chemoradiation for Unresectable Stage III Non-Small Cell Lung Cancer. Front. Oncol. 2021, 11, 802949. [CrossRef]


http://doi.org/10.1056/NEJMoa043330
http://www.ncbi.nlm.nih.gov/pubmed/15758009
http://doi.org/10.1001/jama.2017.18718
http://www.ncbi.nlm.nih.gov/pubmed/29260225
http://doi.org/10.3389/fonc.2021.802949

Brain Sci. 2023, 13, 159 10 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Cozzi, S.; Alj, E.; Bardoscia, L.; Najafi, M.; Botti, A.; Blandino, G.; Giaccherini, L.; Ruggieri, M.P.; Augugliaro, M.; Iori, F,; et al.
Stereotactic Body Radiation Therapy (SBRT) for Oligorecurrent/Oligoprogressive Mediastinal and Hilar Lymph Node Metastasis:
A Systematic Review. Cancers 2022, 14, 2680. [CrossRef]

Franceschini, D.; De Rose, F.; Cozzi, S.; Franzese, C.; Rossi, S.; Finocchiaro, G.; Toschi, L.; Santoro, A.; Scorsetti, M. The use of
radiation therapy for oligoprogressive/oligopersistent oncogene-driven non small cell lung cancer: State of the art. Crit. Rev.
Oncol./Hematol. 2020, 148, 102894. [CrossRef] [PubMed]

Najafi, M.; Jahanbakhshi, A.; Gomar, M.; Iotti, C.; Giaccherini, L.; Rezaie, O.; Cavallieri, F; Deantonio, L.; Bardoscia, L.; Botti, A,;
et al. State of the Art in Combination Immuno/Radiotherapy for Brain Metastases: Systematic Review and Meta-Analysis. Curr.
Oncol. 2022, 29, 2995-3012. [CrossRef]

Kantoff, PW.; Higano, C.S.; Shore, N.D.; Berger, E.R.; Small, E.J.; Penson, D.E,; Redfern, C.H.; Ferrari, A.C.; Dreicer, R.; Sims, R.B.
Sipuleucel-T immunotherapy for castration-resistant prostate cancer. N. Engl. J. Med. 2010, 363, 411-422. [CrossRef]

Dranoff, G. GM-CSF-secreting melanoma vaccines. Oncogene 2003, 22, 3188-3192. [CrossRef]

Inogés, S.; Tejada, S.; de Cerio, A.L.-D.; Géllego Pérez-Larraya, J.; Espinds, J.; Idoate, M.A.; Dominguez, P.D.; de Eulate, R.G;
Aristu, ].; Bendandi, M. A phase II trial of autologous dendritic cell vaccination and radiochemotherapy following fluorescence-
guided surgery in newly diagnosed glioblastoma patients. J. Transl. Med. 2017, 15, 1-12. [CrossRef]

Jan, C.I; Tsai, W.C.; Harn, H.].; Shyu, W.C.; Liu, M.C.; Lu, H.M.; Chiu, S.C.; Cho, D.Y. Predictors of response to autologous
dendritic cell therapy in glioblastoma multiforme. Front. Immunol. 2018, 9, 727. [CrossRef]

Khan, M,; Lin, J; Liao, G; Tian, Y,; Liang, Y.; Li, R;; Liu, M.; Yuan, Y. ALK inhibitors in the treatment of ALK positive NSCLC.
Front. Oncol. 2019, 8, 557. [CrossRef] [PubMed]

Pouresmaeili, F.; Kamalidehghan, B.; Kamarehei, M.; Goh, Y.M. A comprehensive overview on osteoporosis and its risk factors.
Ther. Clin. Risk Manag. 2018, 14, 2029. [CrossRef] [PubMed]

Cozzi, S.; Najafi, M.; Gomar, M.; Ciammella, P; Iotti, C.; Iaccarino, C.; Dominici, M.; Pavesi, G.; Chiavelli, C.; Kazemian, A.; et al.
Delayed Effect of Dendritic Cells Vaccination on Survival in Glioblastoma: A Systematic Review and Meta-Analysis. Curr. Oncol.
2022, 29, 881-891. [CrossRef] [PubMed]

Cobbs, C.S.; Harkins, L.; Samanta, M.; Gillespie, G.Y.; Bharara, S.; King, PH.; Nabors, L.B.; Cobbs, C.G.; Britt, W.J. Human
cytomegalovirus infection and expression in human malignant glioma. Cancer Res. 2002, 62, 3347-3350.

Dziurzynski, K.; Chang, S.M.; Heimberger, A.B.; Kalejta, R.F.; McGregor Dallas, S.R.; Smit, M.; Soroceanu, L.; Cobbs, C.S.
Consensus on the role of human cytomegalovirus in glioblastoma. Neuro-Oncol. 2012, 14, 246-255. [CrossRef]

Mitchell, D.A.; Xie, W.; Schmittling, R.; Learn, C.; Friedman, A.; McLendon, R.E.; Sampson, ].H. Sensitive detection of human
cytomegalovirus in tumors and peripheral blood of patients diagnosed with glioblastoma. Neuro-Oncol. 2008, 10, 10-18. [CrossRef]
Cao, J.-X.; Zhang, X.-Y; Liu, J.-L.; Li, D.; Li, ] -L.; Liu, Y.-S.; Wang, M.; Xu, B.-L.; Wang, H.-B.; Wang, Z.-X. Clinical efficacy of
tumor antigen-pulsed DC treatment for high-grade glioma patients: Evidence from a meta-analysis. PLoS ONE 2014, 9, e107173.
[CrossRef]

Vatu, B.I; Artene, S.-A; Staicu, A.-G.; Turcu-Stiolica, A.; Folcuti, C.; Dragoi, A.; Cioc, C.; Baloi, S.-C.; Tataranu, L.G.; Silosi, C.
Assessment of efficacy of dendritic cell therapy and viral therapy in high grade glioma clinical trials. A meta-analytic review.
J. Immunoass. Immunochem. 2019, 40, 70-80. [CrossRef]

Wang, X.; Zhao, H.-Y.; Zhang, E-C.; Sun, Y,; Xiong, Z.-Y.; Jiang, X.-B. Dendritic cell-based vaccine for the treatment of malignant
glioma: A systematic review. Cancer Investig. 2014, 32, 451-457. [CrossRef]

Murshid, A.; Gong, ].; Stevenson, M.A.; Calderwood, S.K. Heat shock proteins and cancer vaccines: Developments in the past
decade and chaperoning in the decade to come. Expert Rev. Vaccines 2011, 10, 1553-1568. [CrossRef]

Ampie, L.; Choy, W.; Lamano, ].B.; Fakurnejad, S.; Bloch, O.; Parsa, A.T. Heat shock protein vaccines against glioblastoma: From
bench to bedside. J. Neuro-Oncol. 2015, 123, 441-448. [CrossRef] [PubMed]

Tori, F,; Bruni, A.; Cozzi, S.; Ciammella, P.; Di Pressa, F.; Boldrini, L.; Greco, C.; Nardone, V.; Salvestrini, V.; Desideri, I.; et al.
Can Radiotherapy Empower the Host Immune System to Counterattack Neoplastic Cells? A Systematic Review on Tumor
Microenvironment Radiomodulation. Curr. Oncol. 2022, 29, 4612-4624. [CrossRef] [PubMed]

Mukherjee, S.; Hurt, C.N.; Bridgewater, J.; Falk, S.; Cummins, S.; Wasan, H.; Crosby, T.; Jephcott, C.; Roy, R.; Radhakrishna, G.
Gemcitabine-based or capecitabine-based chemoradiotherapy for locally advanced pancreatic cancer (SCALOP): A multicentre,
randomised, phase 2 trial. Lancet Oncol. 2013, 14, 317-326. [CrossRef]

Okada, H.; Weller, M.; Huang, R.; Finocchiaro, G.; Gilbert, M.R.; Wick, W.; Ellingson, B.M.; Hashimoto, N.; Pollack, I.E; Brandes,
A.A,; et al. Immunotherapy response assessment in neuro-oncology: A report of the RANO working group. Lancet. Oncol.
2015, 16, e534—-e542. [CrossRef] [PubMed]

Rekate, H.L. Occipital plagiocephaly: A critical review of the literature. J. Neurosurg. 1998, 89, 24-30. [CrossRef] [PubMed]
Bardoscia, L.; Pasinetti, N.; Triggiani, L.; Cozzi, S.; Sardaro, A. Biological Bases of Inmune-Related Adverse Events and Potential
Crosslinks with Immunogenic Effects of Radiation. Front. Pharmacol. 2021, 12, 746853. [CrossRef] [PubMed]

Moher, D,; Liberati, A.; Tetzlaff, J.; Altman, D.G. Preferred reporting items for systematic reviews and meta-analyses: The PRISMA
statement. PLoS Med. 2009, 6, e1000097. [CrossRef]

Batich, K.A.; Mitchell, D.A.; Healy, P; Herndon, J.E.; Sampson, ].H. Once, Twice, Three Times a Finding: Reproducibility of Den-
dritic Cell Vaccine Trials Targeting Cytomegalovirus in GlioblastomaReproducibility of Dendritic Cell Vaccines in Glioblastoma.
Clin. Cancer Res. 2020, 26, 5297-5303. [CrossRef]


http://doi.org/10.3390/cancers14112680
http://doi.org/10.1016/j.critrevonc.2020.102894
http://www.ncbi.nlm.nih.gov/pubmed/32062314
http://doi.org/10.3390/curroncol29050244
http://doi.org/10.1056/NEJMoa1001294
http://doi.org/10.1038/sj.onc.1206459
http://doi.org/10.1186/s12967-017-1202-z
http://doi.org/10.3389/fimmu.2018.00727
http://doi.org/10.3389/fonc.2018.00557
http://www.ncbi.nlm.nih.gov/pubmed/30687633
http://doi.org/10.2147/TCRM.S138000
http://www.ncbi.nlm.nih.gov/pubmed/30464484
http://doi.org/10.3390/curroncol29020075
http://www.ncbi.nlm.nih.gov/pubmed/35200574
http://doi.org/10.1093/neuonc/nor227
http://doi.org/10.1215/15228517-2007-035
http://doi.org/10.1371/journal.pone.0107173
http://doi.org/10.1080/15321819.2018.1551804
http://doi.org/10.3109/07357907.2014.958234
http://doi.org/10.1586/erv.11.124
http://doi.org/10.1007/s11060-015-1837-7
http://www.ncbi.nlm.nih.gov/pubmed/26093618
http://doi.org/10.3390/curroncol29070366
http://www.ncbi.nlm.nih.gov/pubmed/35877226
http://doi.org/10.1016/S1470-2045(13)70021-4
http://doi.org/10.1016/S1470-2045(15)00088-1
http://www.ncbi.nlm.nih.gov/pubmed/26545842
http://doi.org/10.3171/jns.1998.89.1.0024
http://www.ncbi.nlm.nih.gov/pubmed/9647168
http://doi.org/10.3389/fphar.2021.746853
http://www.ncbi.nlm.nih.gov/pubmed/34790123
http://doi.org/10.1371/journal.pmed.1000097
http://doi.org/10.1158/1078-0432.CCR-20-1082

Brain Sci. 2023, 13, 159 11 0f12

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Akasaki, Y.; Kikuchi, T.; Homma, S.; Koido, S.; Ohkusa, T.; Tasaki, T.; Hayashi, K.; Komita, H.; Watanabe, N.; Suzuki, Y. Phase I/1I
trial of combination of temozolomide chemotherapy and immunotherapy with fusions of dendritic and glioma cells in patients
with glioblastoma. Cancer Immunol. Immunother. 2016, 65, 1499-1509. [CrossRef]

Antonopoulos, M.; Van Gool, S.W.; Dionysiou, D.; Graf, N.; Stamatakos, G. Inmune phenotype correlates with survival in
patients with GBM treated with standard temozolomide-based therapy and immunotherapy. Anticancer. Res. 2019, 39, 2043-2051.
[CrossRef]

Hsu, M.S.; Sedighim, S.; Wang, T.; Antonios, J.P.; Everson, R.G.; Tucker, AM.; Du, L.; Emerson, R.; Yusko, E.; Sanders, C. TCR
Sequencing Can Identify and Track Glioma-Infiltrating T Cells after DC VaccinationTCR Usage in Glioblastoma Patients before
and after DC Vaccination. Cancer Immunol. Res. 2016, 4, 412-418. [CrossRef] [PubMed]

Desjardins, A.; Gromeier, M.; Herndon, J.E.; Beaubier, N.; Bolognesi, D.P.; Friedman, A.H.; Friedman, H.S.; McSherry, F.; Muscat,
A.M.; Nair, S. Recurrent glioblastoma treated with recombinant poliovirus. N. Engl. ]. Med. 2018, 379, 150-161. [CrossRef]
[PubMed]

Gji, Y.; Hashimoto, N.; Tsuboi, A.; Murakami, Y.; Iwai, M.; Kagawa, N.; Chiba, Y.; Izumoto, S.; Elisseeva, O.; Ichinohasama, R.
Association of WT1 IgG antibody against WT1 peptide with prolonged survival in glioblastoma multiforme patients vaccinated
with WTT1 peptide. Int. . Cancer 2016, 139, 1391-1401. [CrossRef]

Curry, W.T.; Gorrepati, R.; Piesche, M.; Sasada, T.; Agarwalla, P,; Jones, P.S.; Gerstner, E.R.; Golby, A ].; Batchelor, T.T.; Wen, P.Y.
Vaccination with Irradiated Autologous Tumor Cells Mixed with Irradiated GM-K562 Cells Stimulates Antitumor Immunity and
T Lymphocyte Activation in Patients with Recurrent Malignant GliomaGVAX for Recurrent Malignant Glioma. Clin. Cancer Res.
2016, 22, 2885-2896. [CrossRef] [PubMed]

Brown, C.E; Badie, B.; Barish, M.E.; Weng, L.; Ostberg, ].R.; Chang, W.-C.; Naranjo, A.; Starr, R.; Wagner, J.; Wright, C. Bioactivity
and Safety of IL13R«2-Redirected Chimeric Antigen Receptor CD8+ T Cells in Patients with Recurrent GlioblastomaActivity and
Safety of IL13Rx2-Specific CAR T Cells in GBM. Clin. Cancer Res. 2015, 21, 4062—-4072. [CrossRef]

Brown, C.E.; Alizadeh, D,; Starr, R.; Weng, L.; Wagner, ].R.; Naranjo, A.; Ostberg, J.R.; Blanchard, M.S.; Kilpatrick, J.; Simpson, J.
Regression of glioblastoma after chimeric antigen receptor T-cell therapy. N. Engl. |. Med. 2016, 375, 2561-2569. [CrossRef]

Guo, J.-X.; Wu, C.-X.; Wang, P--f.; Li, Z.-].; Han, S.; Jin, W.; Lin, Z.-X. Bioactivity and safety of chimeric switch receptor T cells in
glioblastoma patients. Front. Biosci.-Landmark 2019, 24, 1158-1166.

O'Rourke, D.M.; Nasrallah, M.P.;; Desai, A.; Melenhorst, ].J.; Mansfield, K.; Morrissette, ].J.; Martinez-Lage, M.; Brem, S.; Maloney,
E.; Shen, A. A single dose of peripherally infused EGFRvIII-directed CAR T cells mediates antigen loss and induces adaptive
resistance in patients with recurrent glioblastoma. Sci. Transl. Med. 2017, 9, eaaa0984. [CrossRef]

Kirkin, A.F,; Dzhandzhugazyan, K.N.; Guldberg, P.; Fang, ].].; Andersen, R.S.; Dahl, C.; Mortensen, J.; Lundby, T.; Wagner, A.;
Law, I. Adoptive cancer immunotherapy using DNA-demethylated T helper cells as antigen-presenting cells. Nat. Commun.
2018, 9, 1-12. [CrossRef]

Weathers, S.-P.; Penas-Prado, M.; Pei, B.-L.; Ling, X.; Kassab, C.; Banerjee, P.; Bdiwi, M.; Shaim, H.; Alsuliman, A.; Shanley, M.
Glioblastoma-Mediated Immune Dysfunction Limits CMV-Specific T Cells and Therapeutic Responses: Results from a Phase I/11
Triallmmune Impaired CMV-Specific T Cells in Glioblastoma. Clin. Cancer Res. 2020, 26, 3565-3577. [CrossRef]

Reap, E.A,; Suryadevara, C.M.; Batich, K.A.; Sanchez-Perez, L.; Archer, G.E.; Schmittling, R.J.; Norberg, PK.; Herndon, J.E.; Healy,
P.; Congdon, K.L. Dendritic Cells Enhance Polyfunctionality of Adoptively Transferred T Cells That Target Cytomegalovirus
in GlioblastomaCMV DC Vaccines Enhance Polyfunctionality of ATCT in Glioma. Cancer Res. 2018, 78, 256-264. [CrossRef]
[PubMed]

Duerinck, J.; Schwarze, ] K.; Awada, G.; Tijtgat, J.; Vaeyens, E; Bertels, C.; Geens, W.; Klein, S.; Seynaeve, L.; Cras, L. Intracerebral
administration of CTLA-4 and PD-1 immune checkpoint blocking monoclonal antibodies in patients with recurrent glioblastoma:
A phase I clinical trial. J. Immunother. Cancer 2021, 9, €002296. [CrossRef] [PubMed]

George, E.; Flagg, E.; Chang, K.; Bai, H.; Aerts, H.; Valliéres, M.; Reardon, D.; Huang, R. Radiomics-Based Machine Learning for
Outcome Prediction in a Multicenter Phase II Study of Programmed Death-Ligand 1 Inhibition Immunotherapy for Glioblastoma.
Am. ]. Neuroradiol. 2022, 43, 675-681. [CrossRef] [PubMed]

Available online: https://news.bms.com/news/details/2019/Bristol-Myers-Squibb- Announces-Phase-3-CheckMate--498
-Study-Did-Not-Meet-Primary-Endpoint-of-Overall-Survival-with-Opdivo-nivolumab-Plus-Radiation-in-Patients-with-
Newly-Diagnosed-MGMT-Unmethylated-Glioblastoma-Multiforme /default.aspx (accessed on 1 December 2022).

Reardon, D.A.; Brandes, A.A.; Omuro, A.; Mulholland, P.; Lim, M.; Wick, A.; Baehring, J.; Ahluwalia, M.S.; Roth, P; Bahr, O.; et al.
Effect of Nivolumab vs. Bevacizumab in Patients with Recurrent Glioblastoma: The CheckMate 143 Phase 3 Randomized Clinical
Trial. JAMA Oncol. 2020, 6, 1003-1010. [CrossRef]

Cloughesy, T.F.; Mochizuki, A.Y,; Orpilla, ].R.; Hugo, W.; Lee, A.H.; Davidson, T.B.; Wang, A.C.; Ellingson, B.M.; Rytlewski, ].A.;
Sanders, C.M.; et al. Neoadjuvant anti-PD-1 immunotherapy promotes a survival benefit with intratumoral and systemic immune
responses in recurrent glioblastoma. Nat. Med. 2019, 25, 477-486. [CrossRef]

Alcaide-Leon, P; Luks, T.L.; Lafontaine, M.; Lupo, ].M.; Okada, H.; Clarke, J.L.; Villanueva-Meyer, ].E. Treatment-induced lesions
in newly diagnosed glioblastoma patients undergoing chemoradiotherapy and heat-shock protein vaccine therapy. J. Neuro-Oncol.
2020, 146, 71-78. [CrossRef]


http://doi.org/10.1007/s00262-016-1905-7
http://doi.org/10.21873/anticanres.13315
http://doi.org/10.1158/2326-6066.CIR-15-0240
http://www.ncbi.nlm.nih.gov/pubmed/26968205
http://doi.org/10.1056/NEJMoa1716435
http://www.ncbi.nlm.nih.gov/pubmed/29943666
http://doi.org/10.1002/ijc.30182
http://doi.org/10.1158/1078-0432.CCR-15-2163
http://www.ncbi.nlm.nih.gov/pubmed/26873960
http://doi.org/10.1158/1078-0432.CCR-15-0428
http://doi.org/10.1056/NEJMoa1610497
http://doi.org/10.1126/scitranslmed.aaa0984
http://doi.org/10.1038/s41467-018-03217-9
http://doi.org/10.1158/1078-0432.CCR-20-0176
http://doi.org/10.1158/0008-5472.CAN-17-0469
http://www.ncbi.nlm.nih.gov/pubmed/29093005
http://doi.org/10.1136/jitc-2020-002296
http://www.ncbi.nlm.nih.gov/pubmed/34168003
http://doi.org/10.3174/ajnr.A7488
http://www.ncbi.nlm.nih.gov/pubmed/35483906
https://news.bms.com/news/details/2019/Bristol-Myers-Squibb-Announces-Phase-3-CheckMate--498-Study-Did-Not-Meet-Primary-Endpoint-of-Overall-Survival-with-Opdivo-nivolumab-Plus-Radiation-in-Patients-with-Newly-Diagnosed-MGMT-Unmethylated-Glioblastoma-Multiforme/default.aspx
https://news.bms.com/news/details/2019/Bristol-Myers-Squibb-Announces-Phase-3-CheckMate--498-Study-Did-Not-Meet-Primary-Endpoint-of-Overall-Survival-with-Opdivo-nivolumab-Plus-Radiation-in-Patients-with-Newly-Diagnosed-MGMT-Unmethylated-Glioblastoma-Multiforme/default.aspx
https://news.bms.com/news/details/2019/Bristol-Myers-Squibb-Announces-Phase-3-CheckMate--498-Study-Did-Not-Meet-Primary-Endpoint-of-Overall-Survival-with-Opdivo-nivolumab-Plus-Radiation-in-Patients-with-Newly-Diagnosed-MGMT-Unmethylated-Glioblastoma-Multiforme/default.aspx
http://doi.org/10.1001/jamaoncol.2020.1024
http://doi.org/10.1038/s41591-018-0337-7
http://doi.org/10.1007/s11060-019-03336-3

Brain Sci. 2023, 13, 159 12 0of 12

48.

49.

50.

51.

52.

53.

54.

55.

56.

Lombardi, G.; Pambuku, A.; Bellu, L.; Farina, M.; Della Puppa, A.; Denaro, L.; Zagonel, V. Effectiveness of antiangiogenic drugs in
glioblastoma patients: A systematic review and meta-analysis of randomized clinical trials. Crit. Rev. Oncol./Hematol. 2017, 111, 94-102.
[CrossRef]

Wainwright, D.A.; Chang, A L.; Dey, M.; Balyasnikova, I.V.; Kim, C.K.; Tobias, A.; Cheng, Y.; Kim, ] W.; Qiao, J.; Zhang, L.; et al.
Durable therapeutic efficacy utilizing combinatorial blockade against IDO, CTLA-4, and PD-L1 in mice with brain tumors. Clin.
Cancer Res. Off. J. Am. Assoc. Cancer Res. 2014, 20, 5290-5301. [CrossRef]

Zeng, ].; See, A.P,; Phallen, J.; Jackson, C.M.; Belcaid, Z.; Ruzevick, J.; Durham, N.; Meyer, C.; Harris, T.J.; Albesiano, E.; et al.
Anti-PD-1 blockade and stereotactic radiation produce long-term survival in mice with intracranial gliomas. Int. |. Radiat. Oncol.
Biol. Phys. 2013, 86, 343-349. [CrossRef]

Ardon, H.; Van Gool, S.W.; Verschuere, T.; Maes, W.; Fieuws, S.; Sciot, R.; Wilms, G.; Demaerel, P.; Goffin, J.; Van Calenbergh,
F. Integration of autologous dendritic cell-based immunotherapy in the standard of care treatment for patients with newly
diagnosed glioblastoma: Results of the HGG-2006 phase I/11 trial. Cancer Immunol. Immunother. 2012, 61, 2033-2044. [CrossRef]
Preston, C.C.; Maurer, M.].; Oberg, A.L.; Visscher, D.W,; Kalli, K.R.; Hartmann, L.C.; Goode, E.L.; Knutson, K.L. The ratios of
CD8+ T cells to CD4+ CD25+ FOXP3+ and FOXP3-T cells correlate with poor clinical outcome in human serous ovarian cancer.
PLoS ONE 2013, 8, €80063. [CrossRef] [PubMed]

Shawe-Taylor, J.; Cristianini, N. Kernel Methods for Pattern Analysis; Cambridge University Press: Cambridge, UK, 2004.

Speiser, D.E.; Ho, P.C.; Verdeil, G. Regulatory circuits of T cell function in cancer. Nat. Rev. Immunol. 2016, 16, 599-611. [CrossRef]
[PubMed]

Demaria, S.; Bhardwaj, N.; McBride, W.H.; Formenti, S.C. Combining radiotherapy and immunotherapy: A revived partnership.
Int. J. Radiat. Oncol. * Biol. * Phys. 2005, 63, 655-666. [CrossRef]

Okada, H.; Kalinski, P; Ueda, R.; Hoji, A.; Kohanbash, G.; Donegan, T.E.; Mintz, A.H.; Engh, J.A.; Bartlett, D.L.; Brown, C.K.
Induction of CD8+ T-cell responses against novel glioma—-associated antigen peptides and clinical activity by vaccinations with
a-type 1 polarized dendritic cells and polyinosinic-polycytidylic acid stabilized by lysine and carboxymethylcellulose in patients
with recurrent malignant glioma. J. Clin. Oncol. 2011, 29, 330. [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1016/j.critrevonc.2017.01.018
http://doi.org/10.1158/1078-0432.CCR-14-0514
http://doi.org/10.1016/j.ijrobp.2012.12.025
http://doi.org/10.1007/s00262-012-1261-1
http://doi.org/10.1371/journal.pone.0080063
http://www.ncbi.nlm.nih.gov/pubmed/24244610
http://doi.org/10.1038/nri.2016.80
http://www.ncbi.nlm.nih.gov/pubmed/27526640
http://doi.org/10.1016/j.ijrobp.2005.06.032
http://www.ncbi.nlm.nih.gov/pubmed/21149657

	Introduction 
	Materials and Methods 
	Search Strategy 
	Study Selection and Inclusion/Exclusion Criteria 
	Data Extraction 

	Results 
	Discussion 
	Conclusions 
	References

