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Glioblastoma (GBM) remains the most aggressive and lethal primary brain tumor in adults, with a median survival of approx-
imately one year despite recent advancements in surgery, chemotherapy, and radiotherapy. Even with current treatments, six-
month progression-free survival rate (PFS-6) ranges from only 9% to 21%; objective response rates (ORR) remain below 10%,
and median overall survival (OS) does not exceed 30 weeks. The limited efficacy of current therapies underscores the urgent need
for innovative treatment strategies. This paper compares novel therapies for recurrent glioblastoma, focusing on recent clinical
trials that explore immunotherapy, oncolytic viruses, CAR-T cell therapy, monoclonal antibodies, and gene-targeted treatments.
By examining their mechanisms, clinical outcomes, and limitations, the paper aims to evaluate which emerging treatments hold
the most promise for improving survival and quality of life in patients with this devastating disease. The findings highlight
the difficulty of finding proper glioblastoma treatments and emphasize the importance of continued research to develop more
effective, personalized therapeutic approaches.

Introduction

Glioblastoma continues to be the most aggressive and lethal
form of primary brain cancer in adults. Despite modern ad-
vancements in surgery, radiation, and chemotherapy, the ma-
jority of patients experience tumor recurrence, leading to poor
progression-free and long-term survival outcomes.

Glioblastoma progression is driven by marked intratumoral
heterogeneity, diffuse infiltration, and a profoundly immuno-
suppressive tumor microenvironment, which collectively limit
durable therapeutic response1. The glioblastoma microenvi-
ronment is profoundly immunosuppressive. Standard treat-
ment typically involves surgery followed by radiotherapy,
however, no current therapies have significantly prolonged
OS2. Patients typically die within 6 to 12 months3 of the ini-
tial diagnosis, which underscores the urgent need for contin-
ued and innovative research in this area. This research paper
consists of an analysis of clinical trials from the past five years,
all sourced from the PubMed database, to provide a current
overview of ongoing therapeutic developments. Bevacizumab
(BV), an anti-angiogenic agent targeting vascular endothelial
growth factor (VEGF), has been approved for use in recurrent
glioblastoma, but its benefits are primarily limited to symp-
tom management rather than extending survival3. Across clin-
ical trials, BV consistently improves imaging findings and
progression-free survival but has not demonstrated an OS ben-
efit, even when used in combination regimens3. Additionally,
immunotherapies such as checkpoint inhibitors and novel ap-
proaches like gene therapy and oncolytic viruses are being ex-
plored4, but results have been mixed and challenges remain.

1 Poly Prep Country Day School, New York, USA

The limited efficacy of existing therapies highlights the urgent
need for improved treatment strategies for recurrent glioblas-
toma. The research is organized into four groups covering
a total of eleven treatments (Figure 1). These include: on-
colytic viruses including DNX2401, usage of monoclonal an-
tibodies specifically BV, including BV+irinotecan (CPT-11),
BV+ stereotactic radiosurgery (SRS), BV+pembrolizumab,
and BV+VB111, a novel gene therapy that works through
vascular disruption and immune activation, stimulating T-
cells through Programmed death-ligand 1(PD-L1) inhibition
including pembrolizumab+BV and nivolumab+BV, CAR-T
therapies, and finally Depatux-M + Temozolomide (TMZ)
treatments. Despite transformative success in other solid tu-
mors, immune checkpoint inhibitors have failed to produce
meaningful survival benefits2 in glioblastoma across multiple
clinical trials, suggesting intrinsic resistance driven by tumor
biology rather than trial design alone.

Methods

A focused literature search was conducted to identify recent
clinical trials investigating therapeutic strategies for recur-
rent glioblastoma (rGBM). PubMed was the primary database,
supplemented by Google Scholar for cross-verification.
Searches covered the period from January 1, 2020, to March
3, 2025, capturing the most current developments in im-
munotherapy, targeted therapy, and chemotherapeutic ap-
proaches. Search terms included “recurrent glioblastoma,”
“clinical trial,” “immunotherapy,” “CAR-T,” “oncolytic virus,”
“bevacizumab,” “nivolumab,” “pembrolizumab,” “temozolo-
mide,” and “Depatux-M.”
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Fig. 1 Overview of emerging therapeutic strategies for recurrent
glioblastoma (rGBM). The schematic summarizes key treatment
classes analyzed in this paper—oncolytic viruses, monoclonal
antibodies, immune checkpoint inhibitors targeting PD-1
(nivolumab, pembrolizumab), CAR-T cell therapies, and
chemotherapeutic agents (temozolomide, irinotecan).
Temozolomide acts as a DNA-alkylating agent, while irinotecan
functions as a topoisomerase-I inhibitor.

Inclusion criteria required studies to (1) involve human sub-
jects with rGBM, (2) report clinical outcomes such as OS,
progression-free survival (PFS), or ORR, and (3) be peer-
reviewed and published in English. Exclusion criteria re-
moved animal-only or preclinical studies, review articles, and
non-English publications.

The initial search identified 304 articles. After removing
duplicates and screening titles and abstracts, 64 full-text ar-
ticles were reviewed, of which 20 clinical trials met all in-
clusion criteria. These trials were organized into five ther-
apeutic categories: oncolytic viruses, monoclonal antibod-
ies, PD-1 immune checkpoint inhibitors, CAR-T cell thera-
pies, and chemotherapeutic agents. Therapies were organized
into four categories: oncolytic viruses, monoclonal antibod-
ies, PD-1/PD-L1 immune checkpoint inhibitors (stimulating
T-cells), and CAR-T cell therapies. These categories were
based on their primary mechanism of action. Monoclonal an-
tibodies, such as BV, directly target tumor or vascular pro-
teins, whereas PD-1/PD-L1 inhibitors act indirectly by stim-
ulating patients’ T-cells to mount an anti-tumor immune re-
sponse. This categorization clarifies differences in therapeutic
approach, mechanism, and expected outcomes across trials.

A brief limitation of this review is that it selectively cov-
ers studies, relies heavily on early-phase clinical trial data,
includes heterogeneous study designs, and reflects evolving
evidence in this rapidly developing field of recurrent glioblas-
toma therapies.

Oncolytic viruses

Oncolytic viruses function by selectively infecting and lysing
tumor cells while simultaneously stimulating a local immune
response. Viral replication within tumor cells releases tumor
antigens, promoting immune cell infiltration and converting
an immunologically “cold” tumor microenvironment into one
more responsive to immunotherapy. Oncolytic viruses can
convert immunologically ’cold’ tumors into ’hot’ tumors by
stimulating a local immune response, which highlights the
possibility for combination therapy13. DNX-2401 is an en-
gineered oncolytic virus that kills cancer cells and triggers
immune responses14. A phase 1 trial showed that it might
have some promise5. This trial reports on the first human
trial combining pembrolizumab and DNX-2401 for recurrent
glioblastoma. In the trial, the treatment was generally well
tolerated: there were no deaths caused due to the virus, and
the most common side effects were brain edema, headache,
and fatigue. The results ended in a 10.4%5 objective response
rate (OS-12), compared to a 5% historical control. The pri-
mary endpoints were safety and ORR. The trial met its sec-
ondary endpoint of 12-month Overall Survival, which was
52.7%5 compared to the historical 20%, marking a signifi-
cant improvement. Several patients with objective responses
demonstrated durable survival defined by overall survival at
24 months (OS-24). Some of them remained alive well be-
yond 2 years past treatment. Gene analysis showed that tu-
mors with intermediate immune activity were the most likely
to respond to treatment: these patients also experienced longer
survival and greater PFS and ORR. Immune cell infiltration
increased after treatment, especially in responders, suggesting
DNX-2401 can reshape the tumor environment to improve im-
munotherapy. A T-cell inflamed microenvironment and PD-1
gene expression both are positively correlated with tumor re-
duction. Overall, this study supported the potential of com-
bining oncolytic viruses with inhibitors in glioblastoma and
develops a promising future.

Oncolytic viruses, as a treatment category, offer a new and
promising approach to combating glioblastoma by not only
destroying tumor cells directly but also drastically transform-
ing the tumor microenvironment to enhance immune response.
While individual trials, such as those involving DNX-2401,
show modest ORR, they suggest that oncolytic viruses can
significantly improve long-term survival when paired with
immune checkpoint inhibitors. Their unique ability to heat
up otherwise cold tumors possibly opens up new forms of
treatment regarding combination therapies. While they only
marginally increase ORR, they significantly improve in OS-
12 and produce durable responses in a subset of patients sug-
gest that oncolytic viruses could be especially effective when
paired with immune checkpoint inhibitors. Overall, oncolytic
viruses are an important and evolving strategy in glioblastoma
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Table 1 Summary of Clinical Trials Evaluating Emerging Therapeutic Strategies for Recurrent Glioblastoma. This table compares key recent
clinical studies of recurrent glioblastoma treatments, including oncolytic viruses, monoclonal antibodies, immune checkpoint inhibitors,
CAR-T cell therapies, and targeted chemotherapeutic approaches. Reported outcomes include trial phase, sample size, primary endpoints,
progression-free survival, overall survival, objective response rate, major toxicities, and reference sources.

Treatment Phase N Primary
Endpoint PFS / PFS-6 OS / OS-12 ORR Major Toxicities Ref

DNX-2401 +
Pembrolizumab

I/II 49
Safety,
ORR

PFS improved
vs. historical

OS-12: 52.7% (vs.
∼20% historical)

10.4%
Edema, headache,
fatigue

5

Bevacizumab (BV)
vs. BV + CPT-11

II 167 PFS-6, OS 42.6% vs. 50.3% 9.2 vs. 8.7 mo
Radiographic
responses observed

Fatigue, HTN; +
diarrhea with CPT-11

3

BV + SRS II 16 OS
68.4% improved
PFS vs. historical

11.73 mo (vs.
8.74 historical)

Not primary
Fatigue, seizures,
diarrhea

6

Pembrolizumab ±
BV

II 80 PFS, OS
No PFS
improvement

8.8 vs. 10.3 mo
Durable responses
in subset

HTN, edema 7

Nivolumab vs. BV
(CheckMate-143)

III 369 OS
Shorter PFS with
Nivolumab

9.8 vs. 10.0 mo Low Immune toxicity 2

VB-111 + BV III 256 OS
No PFS
improvement

OS-12: 25.3%
vs. 24.9%

27.3% vs. 21.9%
CNS events,
flu-like symptoms

8

Depatux-M + TMZ II/III 260 OS
No early PFS
difference

OS-24: 19.8%
vs. 5.2%

Modest
Corneal
epitheliopathy

9,10

Nivolumab +
RM/TMZ

III 716 PFS, OS 10.6 vs. 10.3 mo 28.9 vs. 32.1 mo N/A
High
discontinuation

11

CAR-T
(EGFR/IL13Rα2)

I 6 Safety
Transient
shrinkage

No OS data Did not meet ORR
Severe
neurotoxicity

12

treatment, showcasing the potential to make immunotherapy
more effective in a cancer historically resistant to such ap-
proaches. Response variability suggests that baseline immune
activity strongly influences efficacy, with better outcomes in
tumors capable of mounting post-treatment immune infiltra-
tion. Modest ORR despite improved OS-12 despite modest
objective response rates, indicating immune modulation rather
than direct cytolysis as the main driver of benefit.

DNX-2401 combined with pembrolizumab was evaluated
in a phase I/II, open-label, single-arm clinical trial involving
49 patients5 with recurrent glioblastoma. The primary end-
points were safety and ORR, with OS as a key secondary
endpoint. Outcomes were compared against historical con-
trol cohorts, as no randomized comparator arm was included.
The study reported an ORR of 10.4%5, compared with ap-
proximately 5% in historical rGBM controls, and an OS-12 of
52.7%5, compared with an expected historical OS-12 of ap-
proximately 20%. Because this was a non-randomized early-
phase trial, no p-values or hazard ratios were reported, and
the study was not powered for formal statistical comparison.
While the improvement in OS-12 suggests a potentially mean-
ingful survival signal, the robustness of these results is mod-
est, and conclusions are limited by the single-arm design and

reliance on historical controls rather than a contemporaneous
comparison group.

Across oncolytic virus trials, objective response rates re-
main modest, but select studies demonstrate improved long-
term survival compared with historical controls, particularly
when combined with immune checkpoint inhibitors. Benefit
appears driven by immune modulation rather than direct tu-
mor cytotoxicity, with durable responses limited to immuno-
logically responsive tumors.

Monoclonal antibodies

Bevacizumab exerts its effect by inhibiting vascular endothe-
lial growth factor (VEGF), reducing tumor angiogenesis and
vascular permeability. This decreases peritumoral edema and
temporarily stabilizes tumor growth, explaining its consistent
improvement in PFS without a corresponding improvement in
overall survival.

Anti-VEGF therapy and combinations

Bevacizumab, a monoclonal antibody, has shown promise in
prolonging survival in several cancers. In a phase II trial3,
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BV was combined with irinotecan (CPT-11) and improved
PFS-6 and ORR in patients3. The patients in the study were
randomized to receive either BV or BV + CPT-11 and were
treated for up to 104 weeks3 until disease progression. The
primary endpoints of the study were PFS-6 and ORR. Sec-
ondary endpoints involved OS, PFS, and the response dura-
tion. The median time from the initial diagnosis to study ran-
dom assignment was 8.6 months for the BV group, compared
to 9.8 for the BV + CPT-11 group3. The estimated PFS-6 in
the BV group was 42.6%, whereas the PFS rates were 50.3%
in the BV+CPT-11 group3. The median PFS rates were 4.2
and 5.6 months, respectively. The median OS rates were 9.2
and 8.7 months, respectively3. The most common side effects
for the BV group were fatigue, headache, and hypertension;
in the BV+CPT-11 group, fatigue, diarrhea, and nausea. For
most patients overall, tumor shrinkage was experienced and
the OR’s were durable. The BV was well tolerated. The addi-
tion of CPT-11 increased adverse effects but there was no sig-
nificant decrease in safety15. Bevacizumab alone versus BV
combined with CPT-11 was studied in a randomized phase II
trial involving 167 patients3 with recurrent glioblastoma. Pa-
tients were randomized to receive either BV monotherapy or
BV plus CPT-11. The primary endpoints were PFS-6 and OS.
The PFS-6 rate was 42.6% in the BV-alone group and 50.3%
in the BV+CPT-11 group, while median OS was 9.2 months
versus 8.7 months, respectively3. Although improvements in
radiographic response and PFS were observed, the addition of
irinotecan did not result in a statistically significant OS benefit
(p ¿ 0.05). These findings demonstrate a modest and clinically
limited benefit, with improved disease control but no mean-
ingful survival advantage. Despite modest improvements in
PFS and radiographic response, the addition of CPT-11 to BV
did not lead to a meaningful OS benefit.

One current approach to managing a recurrent glioblastoma
is re-irradiation using intensity-modulated fractionated radi-
ation therapy or SRS6.While standard fractionated radiation
only has a median survival extension of 8 months, SRS gives
more focused radiation without damaging surrounding healthy
tissue. Stereotactic radiosurgery, when combined with BV, a
monoclonal antibody targeting VEGF, can improve progres-
sion free survival, but OS benefit remains unproven. Glioblas-
toma remains an aggressive and infiltrative tumor despite the
new advancements in treatment. Imaging strategies such as
MRIs do not fully capture the tumor’s infiltration. How-
ever new strategies such as Magnetic Resonance Spectroscopy
(MRS) can identify areas beyond the areas of contrast en-
hancement. Combining SRS with BV may help enhance treat-
ment success while reducing unintended radiation effects. The
trial consisted of patients of 18 and older all with grade 4
glioblastoma who had undergone surgery prior to the test.
There were 16 patients in total. Patients underwent SRS, also
being guided by an MRI. The radiation varied from person

to person and was adjusted based on tumor size, prior radia-
tion, and proximity to critical structures. The patients each un-
derwent MRS 1–14 days before treatment followed by a BV
dose (10 mg/kg) one day prior to SRS. The primary endpoint
was to assess the efficacy of BV combined with SRS in order
to evaluate the OS in patients. Out of the 16 patients, 3 ex-
perienced unacceptable toxicity6. There were often fatigue,
seizures, and diarrhea as results as well. Median OS was
11.73 months in the BV/SRS group versus 8.74 months his-
torically6, compared to the historical control group with 8.74,
meaning there was no statistically significant survival benefit
of BV/SRS. In the group, 68.4%6 showed improvement over
the historical control group PFS. The combination of BV with
SRS was evaluated in a phase II, single-arm study including
16 adult patients6 with recurrent or progressive glioblastoma.
The primary endpoint was OS, with outcomes compared to
a historical control median OS of 8.74 months6. Patients
treated with BV plus SRS demonstrated a median OS of 11.73
months6. However, due to the small sample size, absence of
a randomized comparator, and lack of formal hypothesis test-
ing, no p-values were reported, and the difference in survival
did not reach statistical significance. These results indicate
limited robustness, suggesting that while local disease control
may improve, the evidence for a true survival benefit remains
weak and underpowered. Although SRS combined with BV
improved local control and symptoms, the regimen did not
produce a statistically significant overall survival advantage.

Immunotherapeutic agents are crucial for treating many
cancers, but they don’t always benefit every patient. In par-
ticular, phase 3 trials of immunotherapies have not improved
survival outcomes in patients with recurrent glioblastoma
(rGBM). While the reasons for this remain undetermined, im-
munosuppressive factors within the tumor microenvironment
are likely part of the cause.

Checkpoint inhibitor combinations with beva-
cizumab

Glioblastoma is characterized by high levels of angiogene-
sis, largely driven by elevated production of vascular endothe-
lial growth factor (VEGF) in tumor cells7. Bevacizumab, a
VEGF-blocking agent, has been shown to improve PFS, but
not OS, in these patients. Importantly, VEGF may also con-
tribute to immune suppression16, further complicating treat-
ment outcomes. Pembrolizumab, an immune checkpoint in-
hibitor, is an antibody used to treat multiple cancers. A re-
cent study found that pembrolizumab slightly improved PFS
in rGBM patients7. Notably, one patient with a hypermu-
tated tumor exhibited a dramatic response, prompting further
investigation into whether combining VEGF blockade with
pembrolizumab could enhance outcomes in recurrent glioblas-
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toma. The research involved patients who had completed at
least 28 days post-surgery and 12 weeks of radiation7. Par-
ticipants were divided into two cohorts: Cohort A received
both pembrolizumab and BV, while Cohort B received pem-
brolizumab alone. Out of the participants, 73 died due to dis-
ease progression, while 7 remain under close monitoring7. On
average, patients in Cohort A completed three treatment cy-
cles, whereas those in Cohort B completed only 1.57. Cohort
A patients had median OS of 8.8 months, and 10 of them ex-
perienced tumor shrinkage. In comparison, patients in Cohort
B had a slightly longer Median OS of 10.3 months7. Further
analysis showed that within Cohort A, patients using dexam-
ethasone had shorter survival than those who did not. In Co-
hort B, survival was poorer among patients with an IDH1 mu-
tation. While no treatment-related deaths occurred, 20% of pa-
tients in Cohort A developed high blood pressure, and one pa-
tient in Cohort B experienced brain swelling7. Glioblastoma’s
resistance to immunotherapy was found to be primarily due to
its robust immunosuppressive mechanisms. The combination
of BV and pembrolizumab did not improve PFS compared to
BV alone. However, this combination did result in longer-
lasting responses as measured by ORR in some patients. It’s
worth noting that high doses of BV may also increase hypoxia,
which could negatively impact treatment efficacy.

Pembrolizumab combined with BV was evaluated in a ran-
domized phase II trial involving 80 patients7 with recurrent
glioblastoma. Participants were randomized to receive ei-
ther pembrolizumab plus BV or pembrolizumab alone. The
primary endpoints included PFS and OS. Median OS was
8.8 months in the combination arm and 10.3 months in the
pembrolizumab-only arm7. The difference in survival out-
comes between groups was not statistically significant (p ¿
0.05), and no improvement in PFS was observed with the ad-
dition of BV. These results indicate that the combination ther-
apy offers no statistically robust survival benefit, and overall
outcomes are best described as negative, despite occasional
durable responses in select patients.

Ofranergene Obadenovec (VB-111) is a novel gene ther-
apy that works through vascular disruption and immune acti-
vation8. Trials showed that when combined with BV, OS-12
is comparable to BV alone, with no improvement in OS8. In
the study, patients were randomized into two groups: one with
a combination arm containing VB-111 and biweekly doses of
BV, and one solely containing the same dose of BV. The pri-
mary endpoint of the study was OS, whereas the secondary
endpoints were ORR and PFS. The study found the median OS
in the VB-111 + BV arm to be 6.8 months, compared to 7.9
for the BV-only arm. The 12-month survival rate (OS-12) was
nearly identical, being 25.3% and 24.9%, respectively. The
ORR were 27.3% and 21.9%, respectively. There were more
CNS-related adverse events in the combination arm, including
seizures, headaches, syncope, and confusion. There was also a

higher rate of infusional adverse effects, with 40% occurrence
in the combination arm compared to 14% in the control arm.
These included fevers, chills, and flu-like symptoms. Over-
all, there was no significant survival benefit for the VB-111 +
BV treatment over BV alone. Both the safety concerns and no
improvement in OS or PFS highlight that the need for better
rGBM therapies is still imminent.

Glioblastoma has about 13,000 new U.S. cases and 240,000
worldwide annually. It has a median OS rate of less than two
years and lacks early detection. Ofranergene Obadenovec is a
novel gene therapy that works through vascular disruption and
immune activation. Trials showed that when combined with
BV, OS-12 is comparable to BV alone, with no improvement
in OS. In the study, patients were randomized into two groups:
one with a combination arm containing VB-111 and biweekly
doses of BV, and one solely containing the same dose of BV.
The primary endpoint of the study was OS, whereas the sec-
ondary endpoints were ORR and PFS. The study found the
median OS in the VB-111 + BV arm to be 6.8 months, com-
pared to 7.9 for the BV-only arm. The 12-month survival
rate was nearly identical, being 25.3% and 24.9%, respec-
tively. The objective response rates were 27.3% and 21.9%,
respectively. There was also a higher rate of infusional ad-
verse effects, with 40% occurrence in the combination arm
compared to 14% in the control arm, including fevers, chills,
and flu-like symptoms. The GLOBE trial8 was a random-
ized, phase III controlled study8 enrolling 256 patients with
recurrent glioblastoma, comparing VB-111 plus BV to BV
monotherapy. The primary endpoint was OS. Median OS was
6.8 months in the VB-111+BV arm versus 7.9 months in the
BV-alone arm, with no statistically significant difference be-
tween groups (p ¿ 0.05). The 12-month survival rates were
nearly identical (25.3% vs 24.9%). Given the phase III de-
sign and adequate sample size, these findings represent high-
quality negative evidence, demonstrating that VB-111 does
not provide a survival advantage when added to BV. Overall,
there was no significant survival benefit for the VB-111 + BV
treatment over BV alone. Both the safety concerns and subpar
efficacy highlight that the need for better rGBM therapies is
still imminent.

Monoclonal antibodies, especially BV, have emerged as a
significant though limited component in the ongoing efforts to
treat glioblastoma. For example, multiple clinical trials sug-
gest that while BV consistently improves PFS, it rarely ex-
tends the OS in a statistically significant way3. In trials com-
bining BV with agents like irinotecan (CPT-11), SRS, pem-
brolizumab, or even gene therapies like VB-111, the results
have been mixed. While some patients experienced measur-
able tumor shrinkage and extended progression free survival,
these benefits often came with increased toxicity and did not
translate into clear improvements in long-term survival. No-
tably, however, BV enhanced quality of life through improved
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progression-free survival and reduced steroid dependence for
some patients by reducing symptoms and enabling more ef-
fective imaging or localized treatment strategies like SRS.
However, in studies such as the one pairing BV with pem-
brolizumab, the combination failed to significantly outperform
either drug alone. Similarly, the VB-111 and BV combina-
tion showed no survival advantage and actually resulted in
more adverse effects. Nevertheless, monoclonal antibodies re-
main valuable as glioblastoma treatment. They can improve
the progression free survival rates, reduce complications, and
potentially enhance the efficacy of future therapies. Mono-
clonal antibodies are promising but not a solution, and there
is still a need for treatment models that can consistently pro-
vide a longer long-term survival duration. In clinical prac-
tice, BV-based regimens are most reasonable when the goal is
edema reduction, steroid-sparing, or short-term symptom sta-
bilization rather than survival extension. Anti-VEGF therapy
mainly provides symptomatic and short-term disease control
rather than durable survival benefit.

Across BV-based regimens, progression-free survival and
radiographic response rates improve consistently, while OS
rarely changes. Combination strategies increase toxicity with-
out clear survival benefit, indicating that anti-VEGF therapy
primarily provides short-term disease control and symptom re-
lief rather than durable survival extension.

Stimulating T-cells through PD-L1 immune
checkpoint inhibition

MGMT methylation is a key factor for glioblastoma treatment
as it increases sensitivity to TMZ and generally improves sur-
vival11. About 35% of glioblastoma patients have a methy-
lated MGMT promoter. Nivolumab, a PD-1 inhibitor, had
proven to be effective in other cancers and can also enhance
immune responses when used with radiotherapy11. Eligible
patients for the study all had stage IV glioblastoma and were
over the age of 18. In the study, patients were assigned to
one of two groups: group 1 received Nivolumab alongside
radiotherapy and TMZ. Group 2 received a placebo instead
of Nivolumab, also with radiotherapy and TMZ. The primary
endpoints of the study were to find PFS and OS rates. The
progression-free survival was defined as the time from ran-
domization to progression or death, and OS as the time from
randomization to death. The median PFS for group 1 was 10.6
months, whereas the median PFS for group 2 was 10.311. The
investigator-assisted PFS was 14.1 for group 1 and 15.2 for
group 211. The median OS was slightly better in the placebo
arm (32.1 vs. 28.9 months)11. Toxicity-related discontinua-
tion occurred in 20.8% of patients in the nivolumab group ver-
sus 5.1% in the placebo group; progression-related discontin-
uation occurred in 49.9% of nivolumab patients versus 62.7%

of placebo patients4. Overall, the study found that adding
Nivolumab to standard therapy did not improve outcomes.

Programmed death-ligand 1(PD-L1) inhibition through
drugs like Nivolumab, while effective in other cancers,
showed to have a scarcely limited impact in improving out-
comes for glioblastoma patients. The addition of Nivolumab
to standard treatment with radiotherapy and TMZ did not
significantly enhance PFS or OS compared to the placebo
group17. Although the drug slightly reduced the rate of
progression-related treatment discontinuation, it also caused
a much higher rate of toxicity-related discontinuation. In fact,
the placebo group had a marginally better OS18, highlighting
that the immune stimulation offered by PD-1 inhibition may
not be sufficient to overcome glioblastoma’s immunosuppres-
sive environment. These findings suggest that while targeting
the PD-1/PD-L1 pathway is a promising strategy in theory, its
efficacy in glioblastoma remains unproven. It also highlights
the need for more tailored immunotherapies that address the
unique biology of brain tumors.

Across both preclinical studies and clinical trials, im-
mune checkpoint inhibitors have consistently failed to gener-
ate durable antitumor responses in glioblastoma. Experimen-
tal models frequently demonstrate immune activation without
sustained tumor regression, a pattern mirrored in large ran-
domized trials where survival outcomes remained unchanged.
These parallel failures suggest a disconnect between immune
activation and effective tumor control in glioblastoma.

Across immune checkpoint inhibitor trials, PD-1/PD-L1
blockade fails to improve PFS or OS in recurrent glioblastoma
despite evidence of immune activation. These results suggest
that intrinsic tumor-mediated immunosuppression limits clin-
ical efficacy.

CAR-T Therapies

To explore new glioblastoma treatments, 6 patients with
rGBM were treated with chimeric antigen receptor (CAR T)
cells, genetically engineered immune cells that target specific
tumor antigens, targeting epidermal growth factor receptor
(EGFR) and Interleukin-13 Receptor alpha 2 (IL13Rα2) de-
livered into the spine12. This phase I study was designed to
determine the maximum tolerated dose and assess the safety
and feasibility of intrathecal CAR-T cell therapy in patients
with recurrent glioblastoma, all of whom had multifocal, pro-
gressive disease. Although radiographic tumor shrinkage was
observed in all six patients shortly after treatment, none met
formal objective response criteria. CAR-T cells were de-
tectable in the cerebrospinal fluid following administration,
indicating local persistence and biologic activity, including
cytokine release. To address tumor heterogeneity and anti-
gen escape, a bivalent CAR-T construct targeting both epi-
dermal growth factor receptor (EGFR) and interleukin-13 re-
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ceptor alpha-2 (IL13Rα2) was developed. EGFR epitope 806
is expressed in approximately half of rGBM cases and al-
lows tumor-selective targeting, while IL13Rα2 is highly ex-
pressed in glioblastoma and represents an additional thera-
peutic target. Patients received a single intrathecal or in-
traventricular dose of CAR-T cells following surgical resec-
tion19. Neurotoxicity was common, with all patients experi-
encing moderate to severe neurologic adverse events consis-
tent with immune effector cell–associated neurotoxicity syn-
drome (ICANS) and tumor inflammation–associated neuro-
toxicity (TIAN)20. While these toxicities were generally re-
versible and manageable, their frequency highlights a major
limitation of locoregional CAR-T delivery in the central ner-
vous system21. Radiographic responses were rapid but often
transient, with some patients demonstrating partial regression
and others exhibiting pseudoprogression prior to stabilization,
underscoring the challenge of translating early tumor shrink-
age into durable clinical benefit.

Intrathecal bivalent CAR-T cell therapy targeting EGFR
and IL13Rα2 was evaluated in a phase I, first-in-human study
involving 6 patients with recurrent glioblastoma. The pri-
mary endpoint was safety and determination of dose-limiting
toxicity. No comparator arm was included, and no p-values
were reported, as the study was not designed to assess efficacy
statistically. All patients demonstrated transient radiographic
tumor shrinkage; however, no patients met formal objective
response criteria, and significant neurotoxicity was observed.
These findings represent proof-of-concept evidence only, with
low robustness and no conclusions possible regarding clinical
efficacy

In conclusion, CAR T cell treatment might lead to both
ICANS and TIAN in patients with rGBM, especially with di-
rect ventricular delivery. However, more patients are needed to
better understand neurotoxicity. For patients eligible for inves-
tigational therapies, enrollment in clinical trials, particularly
those involving CAR-T cells or oncolytic viruses, is gener-
ally more appropriate than relying on BV, given their potential
for more durable responses. CAR-T therapy shows promise
but requires improved targeting and safer delivery to achieve
durable benefit.

Immunotherapy is being researched as a potential treat-
ment, as evidence suggests immune cells can function in
the central nervous system. Checkpoint inhibitors have also
shown promise in models. Nivolumab is a monoclonal anti-
body which targets the PD-1 checkpoint receptor. Nivolumab
was demonstrated to be safe in a phase 1 trial, which led to
a phase 3 study which compared nivolumab to BV2. Co-
hort 2 included patients 18 and older with recurrent stage 4
glioblastoma after initial radiotherapy. The median follow-up
for nivolumab was 9.8 months, compared to 9.4 months for
BV2. There is no significant difference in the OS between
nivolumab and BV. The median OS was 9.8 for nivolumab

and 10.0 for BV2. In addition, the PFS was 1.5 months shorter
for nivolumab than BV. However, nivolumab responses were
more durable with a median of 11.1 months compared to 5.3
for BV2. In the trial, nivolumab failed to improve OS com-
pared with BV in patients with recurrent glioblastoma, with
median survival remaining comparable between groups. Al-
though nivolumab produced more durable responses in a small
subset of patients, the trial did not meet its primary endpoint.
Overall, there was no inherent survival benefit of nivolumab.

CAR T cell therapy for glioblastoma has shown potential.
In a trial of six patients with rGBM, all demonstrated tu-
mor shrinkage within 24–48 hours, although none met formal
objective response criteria. The therapy provoked measur-
able immune responses, including cytokine release, but also
caused moderate to severe neurotoxicities such as confusion,
facial weakness, anorexia, fatigue, temporary paralysis, and
changes in alertness. One patient required ICU monitoring,
and another met dose-limiting toxicity criteria. While symp-
toms were generally manageable, these findings underscore
the risk of neurotoxicity—particularly with direct intrathecal
or ventricular delivery—and highlight the need for caution and
further refinement. Despite these challenges, CAR T therapy
represents a promising approach to overcoming tumor hetero-
geneity and improving treatment specificity, suggesting poten-
tial if toxicity can be better managed in larger trials.

Across CAR-T trials, rapid but transient tumor regres-
sion is frequently observed alongside significant neurotoxic-
ity. While these studies demonstrate biological activity and
feasibility, durable benefit as measured by OS or PFS remains
unproven in the absence of larger, controlled trials.

Temozolomide

Epidermal Growth Factor Receptor variants are common in
glioblastoma but past treatments that have targeted EGFR
haven’t improved outcomes. Deputaxizumab mafodotin
(Depatux-M), a new approach, which is an antibody-drug con-
jugate that targets EGFR, has been promising9. In early tri-
als, Depatux-M produced responses however a main concern
was corneal toxicity. Since EGFR amplification is stable,
it was used as a biomarker for selecting patients in a con-
trolled and randomized clinical trial testing Depatux-M in re-
current glioblastoma cases. In the trial, patients were assigned
to one of three groups: Depatux-M with TMZ, Depatux-M
alone, and the control group, which consisted of treatments
containing either TMZ or lomustine10. Patients were eval-
uated via MRI scans, toxicity, side effects, and their health-
related quality of life. The primary endpoint was to measure
the OS, while secondary endpoints were the PFS and ORR.
The goal of the study was to detect an increase in median OS
from 7 to 12.9 months9. Out of the 260 patients, 88 patients
were assigned to the Depatux-M + TMZ combination arm,
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86 to the Depatux-M monotherapy arm, and 86 to the con-
trol arm9. Depatux-M’s treatment lasted for 16 weeks in the
combination arm and 9 weeks in the monotherapy arm9. The
most common grade 3-4 toxicity in Depatux-M patients was
corneal epitheliopathy, while the control arm primarily expe-
rienced hematological toxicities. There were no significant
differences in OS or PFS between the Depatux-M group and
the control group. However, in the long-term follow-up anal-
ysis, the OS difference between the combination and control
arms became statistically significant. The OS-24 was 19.8%
for the Depatux-M monotherapy, compared to 5.2% for the
control group10. The toxicity of Depatux-M showed similar
effects to other studies, with grade 3 or 4 corneal epitheliopa-
thy occurring in 25–30% of patients10, however it rarely led to
the treatment being discontinued. A similar phase III study9,
Intelance I, tested Depatux-M with regular chemotherapy in
newly-diagnosed glioblastoma, was discontinued for having
no effect, adding doubt for Depatux-M’s efficacy. In con-
clusion, the trial’s results suggest that Depatux-M combined
with TMZ may have a role in treating EGFR-amplified recur-
rent glioblastoma, however the negative outcome of Intelance
I raises further concerns.

Around 50% of glioblastomas show EGFR amplification
and about 25% have the EGFRvIII mutation10. Current
EGFR therapies, such as antibodies and vaccines, are very
ineffective against glioblastoma. Depatuxizumab mafodotin
(Depatux-M) is an antibody-drug that targets activated EGFR
and EGFRvIII. It works by binding to the receptor and then
releasing a toxin that kills the tumor cell. It differs from
other therapies because it doesn’t cause common side ef-
fects such as rash and diarrhea. Preclinical and early clin-
ical studies showed promising results and led to two clini-
cal trials: INTELLANCE-2, with Depatux-M and TMZ, and
INTELLANCE-1, which tested Depatux-M in newly diag-
nosed glioblastoma. A common side effect was corneal ep-
itheliopathy. The primary endpoint was OS. The secondary
endpoints were progression-free survival and neurocognitive
function. In the placebo group, the median OS was pro-
jected to be 16 months, whereas in the Depatux-M group it
was hypothesized to be 21.3 months. However, in reality, the
Depatux-M OS was 18.9 months, whereas the placebo was
18.7 months. There was little to no difference in OS durations.
Depatux had an average PFS of 8 months, whereas the placebo
group had an average duration of 6.3 months, displaying a
modest improvement in PFS. 94% of patients in the Depatux-
M group experienced any grade of corneal epitheliopathy,
whereas only 36% faced it in the placebo group. While
Depatux-M showed some progression-free survival benefits in
patients, it failed to improve OS which was the key endpoint.

Temozolomide remains a standard component of glioblas-
toma therapy, often used in combination with newer experi-
mental treatments like Depatux-M. Although Depatux-M ini-

tially showed promise in early-phase studies and preclini-
cal models—particularly for EGFR-amplified or EGFRvIII-
mutated glioblastomas—its clinical performance has been
mixed. In the INTELLANCE-2 trial, the combination of
Depatux-M and TMZ resulted in a significant increase in
its two-year survival rates compared to historical control
groups. However, other trials such as INTELLANCE-1 failed
to demonstrate meaningful improvements in OS, which casts
doubt on the drug’s efficacy in other cases. A consistent chal-
lenge across studies has been the high incidence of corneal
toxicity, which while rarely leads to treatment discontinua-
tion, still remains a significant concern for patient quality of
life. Ultimately, while Depatux-M combined with TMZ shows
potential in some specific contexts, particularly in recurrent
glioblastoma with EGFR amplification, it has not yet demon-
strated consistent or highly effective benefits across broader
patient populations. These results suggest that although EGFR
remains a valid target, further refinement of its methods and
an increase of patient selection for study is necessary be-
fore EGFR-targeted therapies can become reliable standards
of care.

Across EGFR-targeted ADC trials, modest improvements
in progression-free survival are offset by limited overall sur-
vival benefit and substantial ocular toxicity. These find-
ings suggest that EGFR-directed strategies may benefit select
molecular subgroups but are unlikely to broadly improve out-
comes.

Two additional pivotal trials in recurrent GBM include RE-
GOMA, which compared regorafenib to lomustine22, and
EF-11, which compared tumor treating fields (TTFields) to
physician’s-choice chemotherapy23.

Conclusion

While no single therapy has yet emerged as a definitive solu-
tion for recurrent glioblastoma, this review highlights several
promising approaches. CAR-T cell therapies targeting EGFR
and IL13Rα2 have shown promising early signs of tumor re-
gression, however neurotoxicity remains a challenge. On-
colytic viruses like DNX-2401 offer encouraging safety pro-
files and potential immune activation. Among the treatments
examined, combinations involving BV, especially with check-
point inhibitors like pembrolizumab, appear to offer the most
consistent benefits in prolonging PFS. While BV-based com-
binations reliably reduce edema and prolong PFS, they have
not demonstrated an OS benefit, and their clinical impact re-
mains modest24. Ultimately, a better treatment for glioblas-
toma is still needed: continued clinical research is essential
to refine these strategies and improve outcomes for patients
facing this aggressive cancer.
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