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Abstract: Glioblastoma (GBM) is the most common and aggressive malignant brain tumor in adults.
Despite significant efforts, no therapies have demonstrated valuable survival benefit beyond the
current standard of care. Immune checkpoint inhibitors (ICI) have revolutionized the treatment
landscape and improved patient survival in many advanced malignancies. Unfortunately, these
clinical successes have not been replicated in the neuro-oncology field so far. This review summarizes
the status of ICI investigation in high-grade gliomas, critically presenting the available data from
preclinical models and clinical trials. Moreover, we explore new approaches to increase ICI efficacy,
with a particular focus on combinatorial strategies, and the potential biomarkers to identify patients
most likely to benefit from immune checkpoint blockade.
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1. Introduction

Glioblastoma (GBM) is the most common and lethal primary brain tumor in adults,
with <10% of newly diagnosed patients alive at five years, despite an aggressive mul-
timodality treatment approach, based on maximal safe surgical resection, followed by
radiotherapy (RT) and temozolomide (TMZ) [1]. Previous investigations of different strate-
gies, such as intensification of chemotherapy (CT) [2], targeting dysregulated cell-signaling
pathways [3], and antiangiogenic therapy [4,5], failed to improve survival in randomized
clinical trials and the standard of care (SOC) remained unchanged over the last decade.
No truly effective therapy exists at recurrence, and therefore, innovative therapeutic ap-
proaches are urgently needed [6]. In the last years, immunotherapy, with its own concept
of boosting tumor-specific adaptive immunity instead of directly targeting cancer cells, has
recently emerged as a cornerstone of modern oncology [7].

High-grade gliomas (HGG) tumor microenvironment (TME) is unique in its cellular
composition and accessibility to immune cells, being insulated by the blood-brain-barrier
(BBB). Tumor-associated macrophages (TAM) are highly prevalent in GBM, constituting
up to 30% of TME, and tend to be pro-tumorigenic. Moreover, TAMs produce low pro-
inflammatory cytokine levels, poorly express costimulatory molecules involved in T-cells
activation and have a pleiotropic capability to suppress cluster differentiation 8 (CD8)+ T
cell activity in GBM. Dendritic cells (DC) are professional antigen-presenting cells (APC)
with a crucial role in initiating and shaping immune responses. Recent transcriptomic
analyses of human GBM samples confirmed DCs’ presence, but their role in glioma is still
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a matter of debate. Neutrophils are the most prevalent immune population, comprising up
to 70% of total leukocytes in the body. In glioma, they support progression, invasiveness,
and angiogenesis through the secretion of elastase and metalloproteases. Neutrophils-to-
lymphocytes ratio (NLR) in blood correlates with glioma grade and is highest in GBM.
Moreover, an elevated NLR is associated with poor clinical outcomes in GBM patients [8,9].

HGG TME is characterized by low numbers of CD8+ cytotoxic infiltrating T cells
(TIL). Conversely, CD4+ regulatory T cells (Tregs) levels are increased in GBM. Tregs
exert an immune-suppressive role as they secrete transforming growth factor beta and
interleukin 10 (IL-10), limiting IL-2 and interferon (IFN) production and suppressing T cells’
survival and activity. GBM actively recruits Tregs producing soluble factors, such as C-C
motif chemokine ligand 2. Moreover, TAMs expressing T-cell immunoglobulin and mucin
domain-containing molecule-4 and DCs producing indoleamine 2,3 dioxygenase (IDO) also
play a direct role in Tregs induction. Lastly, natural killer (NK) cells are innate lymphoid
cells representing about 10% of all circulating lymphocytes. In GBM, they represent a
minor component of TME and are reduced in glioma patients’ bloodstream as compared to
healthy controls [8,10].

In physiological conditions, a series of stimulatory and inhibitory pathways called
“immune checkpoints” regulate and optimize immune responses’ strength and magnitude,
limiting potential harmful effects on normal tissues [11]. Aberrant immune checkpoint
signaling is one of the fundamental mechanisms used by tumor cells to dampen the im-
mune response and avoid detection and killing. The upregulation of the programmed cell
death 1(PD-1)/programmed death-ligand 1 (PD-L1) axis is one of the key contributors
to immunosuppression in glioma TME. PD-1/PD-L1 signaling impairs T-cell activation,
cytotoxicity, and proliferation and enhances Tregs survival. Moreover, glioma cells up-
regulate PD-L1 in myeloid cells and Tregs. Cytotoxic T-lymphocyte-associated protein 4
(CTLA-4) is expressed by naïve T cells and negatively interacts with APCs reducing early
stages of T-cell expansion. CTLA-4 is also constitutively expressed on Tregs, being a key
contributor to their immunosuppressive functions. Moreover, the upregulation of alter-
native immune checkpoints, as T-cell immunoglobulin and mucin-domain containing-3
(TIM-3) and lymphocyte-activation gene 3 (LAG-3), is a hallmark of GBM, leading to a
severe exhausted T-cell phenotype [10,12]. Immunomodulating monoclonal antibodies
(mAb) targeting these immune checkpoints can reverse T-cell dysfunctionality, enhancing
immune control, and restoring antitumor activity [11].

Immune checkpoint inhibitors (ICI) have revolutionized the treatment paradigm of
several historically resistant cancers, achieving regulatory approvals for several different
malignancies and indications [13,14]. Since the Food and Drug Administration (FDA)
approval of ipilimumab (anti-CTLA-4 mAb) in 2011, PD-1 inhibitors nivolumab, pem-
brolizumab, cemiplimab, and PD-L1 inhibitors atezolizumab, avelumab, and durvalumab
have entered clinical use. These remarkable successes have raised great expectations in
whether these agents could be such effective also in the context of neuro-oncology, and an
intensive clinical investigation has been undertaken. Unfortunately, to date, these efforts
have been entirely unsuccessful.

Here, we critically review the most relevant preclinical and clinical data on the use of
immune checkpoint modulation as treatment of diffuse malignant gliomas available so far.
We will further discuss the current landscape of biomarkers and potential novel insights
to be explored to raise the bar beyond current disappointing results and make significant
progress in this field.

2. Preclinical Data

Impressive and long-lasting remissions with checkpoint blockade have been observed
in several orthotopic murine glioma models. These results provide a strong immunological
rationale to support ICI clinical use and even the potential synergy with other anticancer
treatment modalities, including RT and CT. CTLA-4 blockade conferred long-term survival
in up to 80% of treated mice, restoring normal CD4+ T-cell count and proliferative capacity
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and inducing resistance to Tregs without directly affecting their suppressive functions [15].
The combination of PD-1 blockade and RT was significantly more effective than either
modality alone (p < 0.05 by log-rank Mantle–Cox), with 15 to 40% of mice treated with the
combination achieving long-term survival (>90 days after tumor implantation) [16]. After
rechallenging with flank injections of mouse glioma 261-luciferase expressing (GL261-Luc)
cells, no tumors developed in the survivor mice, testifying the induction of a long-lasting
systemic immunologic memory [16].

Even the combination of PD-1 blockade and TMZ showed superior survival to either
therapy alone (42 days in the combination group versus 28 days in the anti-PD1 group
versus 30 days in the TMZ group; p < 0.01) [17]. In this study, the number of infiltrating
CD4+ and CD8+ T-cells and tumor size reduction was greater in the combination arm [17].
An apparent synergy between anti-PD-1 therapy and TMZ was also observed by Park et al.
in another orthotopic murine GBM model. Complete remissions occurred in 44.4% of mice
(4/9) treated with anti-PD-1 monotherapy and in all mice (9/9) after combination therapy,
whereas no effect was seen with TMZ alone [18]. Anti PD-1 monotherapy increased TILs,
while TMZ, alone or in combination, reduced TILs [18]. The absence of tumor growth
after rechallenge and the presence of antitumor memory T cells were observed only in the
anti-PD-1 monotherapy group [18].

Preclinical experiences also demonstrated the potential effectiveness of co-targeting
different immune checkpoints in GBM. In a study by Wainwright et al., the triple simul-
taneous blockade of CTLA-4, IDO, and PD-L1 led to a 100% of long-term survivor mice
and a significant reduction in tumor-infiltrating Tregs levels [19]. In a syngeneic ortho-
topic murine glioma model, Kim et al. showed upregulation of TIM-3 expression in TILs
and the accumulation of severely anergic PD-1+/TIM-3+ lymphocytes. Dual blockade of
TIM-3 and PD-1 in combination with stereotactic radiosurgery (SRS) was associated with
a 100% overall survival (OS) rate (p < 0.05) and rejection of tumor rechallenge [20]. The
immune TME was favorably shaped, with an improved CD8+/Tregs ratio, upregulation
of pro-inflammatory cytokines such as IFN-γ, tumor necrosis factor alpha, IL-17a, and
a lower fraction of Tregs [20]. T cell immunoreceptor with immunoglobulin and ITIM
domain (TIGIT) and PD-1 co-targeting led to a significant improvement in OS compared
to single blockade alone (p = 0.0366 and <0.0001, respectively), and about half of the mice
were long-term survivors (p < 0.0001) with dual therapy [21]. Clinical efficacy was cor-
related with increased T cell functionality and downregulation of suppressive Tregs and
tumor-infiltrating DCs [21]. Readorn et al. tested the efficacy of CTLA-4, PD-1, PD-L1, and
PD-ligand 2 (PD-L2) targeting in an orthotopic immunocompetent murine model. PD-L1
and CTLA-4 blockade was the most active approach, with 75% of long-term, tumor-free
survivor mice even in the case of advanced or later-stage tumors [12]. Neither tumor
persistence at histopathologic examination nor tumor recurrence after intracranial tumor
rechallenge were detected in long-term surviving mice. Dual blockade of PD-L1 and
CTLA-4 was associated with favorable changes in the immune TME, such as increased
infiltration of CD8+ T cells, activation of NK cells, and reduction in immunosuppressive
subpopulations, including Tregs, myeloid-derived suppressor cells, PD-1+ T cells, and
exhausted PD-1+/ TIM-3+ T- cells [12].

One of the most significant issues in interpreting such preclinical data is that glioma
animal models developed by implanting cancer cell lines in mice do not accurately reflect
human GBM immunobiological complexity and therefore result poorly appropriate to
investigate immune checkpoint modulation strategies. For example, the commonly used
GL261 syngeneic murine model is moderately immunogenic and conversely to human
gliomas expresses clonotypic, homogeneous, and robust levels of PD-L1. Despite limi-
tations derived by cost, low engraftment rates, and slow tumor growth, the advent of
humanized mice models with patient-specific tumor and immune system indeed repre-
sents a significant step forward. Humanized mice tumor models are generated by the
engraftment of human tumor cell lines, cancer stem cells or patient-derived xenografts
into immunodeficient mice with a human immune system. The human immune cells
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are reconstituted through the transplantation of peripheral blood mononuclear cells or
hematopoietic stem cells. As a result, these models mimic human tumor and immune
system interactions and offer a more realistic representation of immunotherapy safety and
clinical response. Nevertheless, they remain unable to fully recapitulate the TME of human
gliomas and glioma patients’ clinical features [22,23]. Thus, the current lack of reliable
preclinical models to investigate the strength of the rationale behind immunotherapeutic
approaches is undoubtedly one of the underlying causes of repeated clinical failures seen
in the latest years.

3. Clinical Data

Given these encouraging preclinical results and durable responses observed in brain
metastases from other cancer types, such as melanoma and lung carcinoma, an intensive
clinical investigation has been undertaken to explore the potential effectiveness of immune
checkpoint modulation as a treatment strategy for GBM patients.

Here we report clinical data available so far from early-phase to first randomized trials
split in the adjuvant, recurrent, and neoadjuvant setting, with a particular focus on the
most recent experiences not yet reviewed elsewhere. Results of the trials reported in this
review are summarized in Table 1.

Table 1. Completed and Ongoing ICI Clinical Trials with available data in HGG.

Study
Identifier Study Design Target

Population (n) Intervention Primary
Endpoint(s) Results Status References

Adjuvant

NCT02017717 Multicohort
phase I/III

Cohort 1c, 1d:
ndGBM
(n = 113)

Nivo + RT
+/− TMZ

Safety and
tolerability

No new safety
signals

Active,
not

recruiting
[24]

NCT03174197 Open label
phase I/II

ndGBM
(n = 60)

Atezo + RT +
TMZ

Phase I: safety
Phase II: OS

No new safety
signals

mPFS 10.6 mo
mOS 19 mo

G3–G4 TRAEs 55%

Active,
not

recruiting
[25]

NCT03047473 Open label
phase II

ndGBM
(n = 24)

Avelumab +
RT + TMZ

Safety and
tolerability

No new safety
signals

ORR 50%
mPFS 11.9 mo

Active,
not

recruiting
[26]

NCT02336165
Open label
multicohort

phase II

Cohort A:
ndGBM,

unmethylated
MGMT
(n = 40)

DUR + RT OS-12 mOS 15.1 mo
G3–G4 TRAEs 35%

Active,
not

recruiting
[27]

NCT02617589 Open label
phase III

ndGBM
unmethylated

MGMT
(n = 550)

RT + nivo
vs

RT + TMZ
OS Primary endpoint

not met

Active,
not

recruiting
[28]

NCT02667587 Triple-blind
phase III

ndGBM,
methylated

MGMT
(n = 693)

RT + TMZ +
nivo
vs

RT + TMZ +
placebo

PFS, OS Primary endpoints
not met

Active,
not

recruiting
[29]

Recurrent—monotherapies

NCT02017717
Multicohort
phase I/III

Cohort 1, 1b:
rGBM (n = 40)
(NIVO3 = 10;
NIVO1 + IPI3

= 10;
NIVO3 + IP1 =

20)

Nivo +/− Ipi Safety and
tolerability

No new safety
signals

NIVO3 better
tolerated

mOS
NIVO3: 10.4 mo
NIVO1+IPI3: 9.2

mo
NIVO3+IPI1: 7.3

mo

Active, not-
recruiting [30,31]
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Table 1. Cont.

Study
Identifier Study Design Target

Population (n) Intervention Primary
Endpoint(s) Results Status References

Cohort 2
rGBM

(n = 184 vs.
185)

Nivo vs. BEV OS

mPFS 1.5 vs. 3.5
mo

mOS 9.8 vs. 10 mo
ORR 8% vs. 23%

mDOR 11.1 vs. 5.3
mo

G3–G4 TRAEs 18%
vs. 15%

NCT02054806 Multicohort
phase Ib

rGBM
PD-L1

expression ≥
1% by IHC

(n = 26)

Pembro ORR

ORR 8%
mPFS 2.8 mo
mOS 13.1 mo

G3–G4 TRAEs 19%

Active,
not

recruiting
[32]

NCT01375842 Phase Ia rGBM
(n = 16) Atezolizumab

Safety and
tolerability
MTD and

RP2D

No G3–G4 TRAEs
mOS 4.2 mo Completed [33]

NCT02336165
Open label
multicohort

phase II

Cohort B:
rGBM,

BEV-naïve
(n = 31)

DUR PFS-6

PFS-6 20%
OS-6 59%

OS-12 44%
G3-4 TRAEs 10%

Active,
not

recruiting
[34]

NCT02628067
Open label
multicohort

phase II

dMMR/MSI-
H

recurrent
glioma
(n = 13)

Pembro ORR
ORR 0%

mPFS 1.1 mo
mOS 5.6 mo

Recruiting [35]

Recurrent—combinations

NCT02336165
Open label
multicohort

phase II

Cohort B2-B3:
rGBM,

BEV-naïve
(n = 66)

DUR + BEV PFS-6

Cohort B2
PFS-6: 15.2%

G3-4 TRAEs 24%

Cohort B3
PFS-6: 21%

G3-4 TRAEs 6% Active,
not

recruiting
[36,37]

Cohort C:
rGBM,

BEV-refractory
(n = 22)

DUR + BEV OS-6

36% of pts OS ≥ 22
wks

50% of pts PFS ≥
8 weeks

G3-4 TRAEs 4.5%

NCT02337491 Randomized
phase II

rGBM
(n = 50 vs. 30)

Pembro + BEV
vs. Pembro PFS-6

PFS-6 26% vs. 6.7%
mOS 8.8 mo vs.

10.3 mo
ORR 20% vs. 0%
G3-4 TRAEs 36%

vs. 20%

Completed [38]

NCT03291314 Open label
phase II

rGBM
(n = 54)

Cohort 1:
DEXA ≤1.5 mg

Cohort 2:
DEXA ≥ 1.5

mg

Avelumab +
Axitinib PFS-6

Cohort 1
PFS-6 22.2%

mOS 26.6 wks
ORR 33.3%

OS-12 22.2%

Cohort 2
PFS-6 18.5%
mOS 18 wks
ORR 22.2%

OS-12 11.1%

Completed [39]
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Table 1. Cont.

Study
Identifier Study Design Target

Population (n) Intervention Primary
Endpoint(s) Results Status References

NCT02313272 Phase I rGBM or rAA
(n = 32)

Pembro +
HFSRT + BEV

Safety and
tolerability
MTD and

RP2D

G3-4 TRAEs 34.4%
BEVA- naïve pts

ORR 83%
mDOR 8.44 mo
mPFS 7.92 mo
mOS 13.45 m
OS-12 58.3%

BEVA-resistant pts
ORR 62%

mDOR 5.83 mo
mPFS 6.54 mo
mOS 9.3 mo
OS-12 25%

Active,
not

recruiting
[40]

NCT02866747 Randomized
phase I/II

rGBM
(n = 6, phase I)

Duvalumab +
HFSRT

Safety and
tolerability

OS

No new safety
signals Recruiting [41]

NCT02968940 Open label
phase II

IDH-mutated
GBM

(n = 6)

Avelumab +
HFSRT

Safety and
tolerability

PFS-6

No new safety
signals

mPFS 4.2 mo
mOS 10.1 mo

Completed [42]

NCT03743662 Open label
phase II

rGBM,
methylated

MGMT
(n = 22)

Nivo +
Hypo-RT +/−

BEV +/−
surgery

OS

mPFS 6.7 mo
mOS 16 mo
PFS-6 50%
OS-12 59%

Recruiting [43]

NCT02658981 Phase I rGBM
(n = 33)

BMS 986016
(anti-LAG-3
mAb) +/−

Nivo

Safety and
tolerability

MTD

mOS 8 mo
80% of DLTs

occurred after cycle
2

Active,
not

recruiting
[44]

NCT02829723 Open label
phase I/II

rGBM
(n = 18)

BLZ945
(CSF-1R

inhibitor) +/−
spartalizumab

(anti-PD-1
mAb)

Safety and
tolerability
MTD and

RP2D

ORR 11%
Acceptable safety

pattern
Recruiting [45]

Neoadjuvant

NCT02337686
Open label,

randomized,
phase II

rGBM
(n = 16 vs. 19)

Neoadjuvant +
Adjuvant

Pembro vs.
Adjuvant
Pembro

Immune
effector
function

analysis and
correlation
with PFS-6

mPFS 3.3 vs. 2.4
mo

mOS 13.7 vs. 7.5
mo

Active,
not

recruiting
[46]

NCT02550249 Open label
phase II

ndGBM (n = 3)
rGBM (n = 27)

Neoadjuvant
Nivo

Changes in
percentage and
level of PD-L1

mPFS 4.1 mo
mOS 7.3 mo Completed [47]

NCT02852655 Phase I rGBM
(n = 15)

Neoadjuvant
Pembro

TIL density
Safety and
tolerability

mOS 20 mo
OS-12 63% Recruiting [48]

Atezo, atezolizumab; BEV, bevacizumab; CSF-1R, Colony stimulating factor 1 receptor; DEXA, dexamethasone; dMMR, mismatch repair
deficiency; DUR, durvalumab; HGG, high-grade gliomas; HSFRT, Hypofractionated Stereotactic Radiation Therapy; Hypo-RT, Hypofrac-
tionated Radiotherapy; ICI, immune checkpoint inhibitors; IDH, isocitrate dehydrogenase; IHC, immunohistochemistry; Programmed
death-ligand 1; Ipi, ipilimumab; LAG-3, Lymphocyte-activation gene 3; mAb, monoclonal antibody; mDOR, median duration of response;
MGMT, O6-methylguanine-DNA methyltransferase; mOS, median overall survival; mPFS, median progression-free survival; MSI-H,
high microsatellite instability; MTD, maximum tolerated dose; ndGBM, newly diagnosed glioblastoma; Nivo, nivolumab; NIVO1 + IPI3,
nivolumab 1 mg/kg + ipilimumab 3 mg/kg every Q3W for 4 doses followed by nivolumab 3 mg/kg Q2W thereafter; NIVO3, nivolumab
3 mg/kg every Q2W; NIVO3 + IPI1, nivolumab 3 mg/kg + ipilimumab 1 mg/kg Q3W for 4 doses followed by nivolumab 3 mg/kg Q2W
thereafter; ORR, overall response rate; OS, overall survival; OS-12, overall survival at 12 months; OS-6, overall survival at 6 months; PD-1,
Programmed Death-1; PD-L1, Programmed death-ligand 1; Pembro, pembrolizumab; PFS-6, progression-free survival at 6 months; rAA, re-
current anaplastic astrocytoma; rGBM, recurrent glioblastoma; RP2D, Recommended Phase 2 Dose; RT, radiotherapy; TIL, tumor-infiltrating
lymphocytes; TMZ, temozolomide; TRAE, treatment-related adverse events.
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3.1. Adjuvant Setting

The safety of combining nivolumab with standard RT with or without TMZ in newly
diagnosed GBM was firstly demonstrated in two cohorts (1c; 1d) of the prospective clinical
trial Checkmate 143 (NCT02017717). Treatment-related adverse events (TRAE) occurred
in 67% (1c) and 70% (1d) of patients, with the most common being fatigue (28%, 26%),
headache (21%, 13%), and increased alanine transaminase (ALT) (16%, 9%). Grade 3–4
TRAEs occurring in at least two patients included increased ALT (5%; 6%) and lipase (2%;
8%) [24]. Other two small early-phase trials demonstrated the safety of adding PD-L1
blockade (atezolizumab and avelumab) to the SOC in newly diagnosed GBM. Promising,
albeit preliminary signs of efficacy with no new safety alerts, were reported in both studies.
In the phase I/II study of atezolizumab (n = 60, NCT03174197), median progression-free
survival (PFS) and median OS were 10.6 months and 19 months, respectively [25]. A
median PFS of 11.9 months and an overall response rate (ORR) of 50% were reported in the
phase II study of avelumab (n = 24, NCT03047473) [26]. An open-label, multicenter phase
II trial (NCT02336165) evaluated the safety and efficacy of durvalumab in five cohorts
of GBM patients. Cohort A included 40 patients receiving durvalumab combined with
standard RT, followed by durvalumab monotherapy without TMZ in O6-methylguanine-
DNA methyltransferase (MGMT) unmethylated newly diagnosed patients. At a median
follow-up of 24.5 months, median OS was 15.1 months (95% confidence interval [CI]: 12.0,
18.4)), OS at 12 months (OS-12) was 60% (90% CI: 46.1, 71.4) [27]. Grade ≥ 3 adverse events
(AE) occurred in fourteen (35%) patients, the most common being asymptomatic increased
lipase (n = 6) and increased amylase (n = 2) [27].

Two large, randomized trials testing the addition of nivolumab to first-line therapy in
newly diagnosed GBM have already closed the accrual. The CheckMate 498 (NCT02617589)
was an open-label phase III trial for unmethylated MGMT patients comparing the standard
Stupp regimen versus nivolumab + RT. In May 2019, Bristol–Meyers–Squibb (BMS) an-
nounced that the CheckMate 498 trial did not meet its primary endpoint of OS at the final
analysis [28]. CheckMate 548 (NCT02667587) was a single-blind phase II trial, comparing
nivolumab + TMZ + RT versus placebo + TMZ + RT in patients with methylated MGMT
promoter. The trial was later amended to become a randomized, triple-blind phase III
trial with an increased sample size of approximately 693 subjects and both PFS and OS as
primary endpoints. Recently, BMS reported that even the CheckMate 548 trial failed to
meet PFS and OS co-primary endpoints in the intention-to-treat population, as well as in
patients with no baseline corticosteroid use [29]. Waiting publication of final reports of
both trials, along with sub-group and biomarkers analyses, these data certify the failure of
the anti-PD-1/PD-L1 blockade in addition to SOC in newly diagnosed GBM.

3.2. Recurrent Setting—Monotherapy Trials

The first prospective clinical evaluation of ICI in recurrent GBM was represented by the
previously mentioned multicohort phase I trial Checkmate 143. Cohorts 1 and 1b evaluated
the safety, tolerability, and immunologic effects of nivolumab alone or combined with
ipilimumab at two different dosing schedules in patients with recurrent GBM. In cohort 1,
20 patients were randomized 1:1 to either nivolumab monotherapy 3 mg/kg every 2 weeks
(Q2W) (NIVO3, n = 10) or nivolumab 1 mg/kg + ipilimumab 3 mg/kg every 3 weeks (Q3W)
for 4 doses, followed by nivolumab 3 mg/kg Q2W (NIVO1 + IPI3, n = 10). In the non-
randomized cohort 1b, 20 patients received nivolumab 3 mg/kg + ipilimumab 1 mg/kg
Q3W for 4 doses, followed by nivolumab 3 mg/kg Q2W (NIVO3 + IPI1). Nivolumab
monotherapy was better tolerated than the combination of nivolumab + ipilimumab,
as no grade 3/4 TRAEs were reported in the nivolumab monotherapy arm, whereas
they occurred in nine (90%) and six (30%) patients, respectively, in NIVO1+IPI3 and
NIVO3+IPI1 arm [30]. In total, three patients achieved a partial response (PR) (NIVO3,
n = 1; NIVO3+IPI1, n = 2), and eight patients a stable disease (SD) for ≥12 weeks (NIVO3,
n = 2; NIVO1+IPI3, n = 2; NIVO3+IPI1, n = 4), according to response assessment in neuro-
oncology (RANO) criteria [30]. Median (95% CI) OS was 10.4 (4.1–22.8), 9.2 (3.9–12.7), and
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7.3 (4.7–12.9) months in patients treated with NIVO3, NIVO1 + IPI3, and NIVO3 + IPI1,
respectively [30]. Most patients (68%) had tumor-cell PD-L1 expression ≥ 1%. Immune-
mediated effects mimicking radiographic progression occurred in two patients [30].

The KEYNOTE-028 trial (NCT02054806) was a multicohort phase Ib study designed
to evaluate the safety and efficacy of pembrolizumab) in 20 advanced solid tumor types.
The recurrent GBM cohort (n = 26) evaluated patients with bevacizumab-naïve recurrent
GBM and a PD-L1 expression on >1% of stromal and tumor cells. Patients received
pembrolizumab 10 mg/kg Q2W for a maximum of 24 months. Then, two PR, lasting 8.3
and 22.8 months, occurred. PFS (median, 2.8 months; 95% CI, 1.9–8.1 months) rate at six
months (PFS-6) was 37.7%, and the OS (median, 13.1 months; 95% CI, 8.0–26.6 months)
rate at 12 months was 58% [32]. A total of 19 patients (73%) experienced TRAEs, of
whom five were severe (one arthritis, one colitis, one lymphopenia, one syncope, one
type 2 diabetes mellitus) [32]. No correlation between the level of PD-L1 expression, gene
expression profile score, or baseline steroid use and clinical benefit was found 32]. The
safety and efficacy of the PD-L1 inhibitor atezolizumab were assessed in another phase
Ia clinical trial (NCT01375842). Among 16 recurrent GBM patients, one had a PR, three
patients experienced SD, and the median OS was 4.2 months (1.2–18.8) [33]. No grade 3–4
TRAEs were observed. A total of two patients with isocitrate dehydrogenase 1 (IDH1)-
mutant tumors and one with a DNA polymerase epsilon (POLE)-mutant tumor reached
a survival ≥ of 16 months [33]. Patients with low baseline levels of circulating CD4+ T
cells and B cells (<0.40 × 106 cells/ mL and <0.19 × 106 cells/mL, respectively) showed a
trend toward reduced PFS and OS [33]. In the previously mentioned multicohort phase
II NCT02336165 trial, cohort B evaluated durvalumab as monotherapy in 31 recurrent
bevacizumab-naïve GBM patients, showing PFS-6 of 20%, a 6-month OS rate (OS-6) of 59%,
and an OS-12 of 44.4% [34]. Grade 3 AEs occurred in 9.7% of patients, while no grade 4
events were observed [34].

Preliminary results of the Checkmate 143 mentioned above led to the opening of a
large randomized open-label phase III study (expansion of cohort 2) directly comparing the
efficacy and safety of nivolumab monotherapy versus the anti-vascular endothelial growth
factor A (VEGF-A) mAb bevacizumab in GBM patients at first recurrence after standard
chemoradiation. The trial randomized 369 patients to receive either nivolumab 3 mg/kg
Q2W (n = 184) or bevacizumab 10 mg/kg Q2W (n = 185) until investigator-assessed
progressive disease (PD) or unacceptable toxicity. At a median follow-up of 9.5 months,
no statistically significant differences in survival were observed, with a median OS of
9.8 months (95% CI, 8.2–11.8 months) in nivolumab arm versus 10 months (95% CI, 9.0–
11.8 months) in bevacizumab arm (95% CI, 9.0–11.8 months); hazard ratio (HR) 1.04; 95% CI,
0.83–1.30; p = 0.76 [31]. Even ORR was in favor of bevacizumab (23.1%; 95% CI, 16.7–30.5%)
versus 7.8% (95% CI, 4.1–13.3%), while the median duration of response (DOR) resulted
significantly higher in patients treated with nivolumab (11.1 versus 5.3 months) [31].
Hypothesis-generating data from subgroup analyses showed that the corticosteroid use
at baseline was unfavorably associated with outcomes in the nivolumab group (HR, 1.41;
95% CI, 1.01–1.97) [31]. In a multivariable analysis, no baseline corticosteroid use (HR, 0.59;
95% CI, 0.36–0.95) and methylated MGMT promoter status (HR, 0.47; 95% CI, 0.29–0.78)
were each associated with longer OS in the nivolumab group [31]. Combining these two
factors, patients with methylated MGMT promoter and no baseline corticosteroid use,
treated with nivolumab, showed a trend toward longer OS (17.0 vs. 10.1 months; HR, 0.58;
95% CI, 0.30–1.11) [31]. All-grades TRAEs incidence was broadly similar in both arms (57%
in the nivolumab group versus 58% in the bevacizumab group), with also similar rates of
grade 3/4 TRAEs with nivolumab (18.1%) and bevacizumab (15.2%). The most common
AEs were fatigue in the nivolumab group and hypertension in the bevacizumab group; no
treatment-related deaths were reported [31].

Checkmate 143 is the first completed randomized trial of checkpoint blockade in
recurrent GBM for which we have the definitive data available. Primary and secondary
survival endpoints were not met, and indeed the study is to be considered entirely negative.
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These disappointing results can be explained at least in part by the extremely challenging
setting of recurrent GBM characterized by a potent local and systemic immunosuppression
frequently worsened by the use of steroids, hardly reversible by the sole anti-PD-1 block-
ade. Even the selection of bevacizumab with its well-known steroid-sparing effects as a
competitor arm in the CheckMate 143 has been largely debated and should be considered
when interpreting findings of this trial. On the other hand, what emerges just as clearly
from this study is that a small subgroup of patients receiving anti-PD-1 therapy can obtain
a durable disease control. MGMT promoter methylation and no corticosteroid use seem to
characterize this subpopulation and will be tested as potential selection factors for future
immunotherapy trials in this setting.

3.3. Recurrent Setting—Combination Trials

To improve these modest results and patients’ responsiveness, several clinical trials
exploring the safety and efficacy of PD-1/PD-L1 blockade combined with other anticancer
modalities such as antiangiogenic agents, radiation, or novel immunotherapeutics, have
been undertaken.

3.3.1. Checkpoint Blockade and Antiangiogenic Treatments

Among the most promising combination strategies, a robust immunological ratio-
nale supports ICIs’ combination with anti-VEGF treatments. First, the abnormal tumor
vasculature acts as a physical barrier to effector immune cell infiltration, while hypoxia
favors the recruitment of immunosuppressive cells into the TME. Moreover, VEGF, the
primary driver of tumor angiogenesis, represents also a potent immunosuppressive factor
active in both innate and adaptive immunity by inhibiting DCs maturation and antigen
presentation, inducing CD8+ T-cells apoptosis, promoting Tregs activity, and polarizing
TAMs towards a pro-tumoral phenotype [49]. Anti-VEGF therapy could help restore an
immune-supportive TME in GBM, and thanks to its well-known vasculature-normalizing
effects, to enhance the intratumoral immune cell infiltration [50].

The anti-VEGF mAb bevacizumab has been used in the management of recurrent
GBM for over a decade [51] and represented the antiangiogenic agent primarily chosen
for combination approaches with ICIs. Bevacizumab is also able to decrease the need for
steroids for brain edema control, and this can be of great importance since steroid use is
thought to be associated with decreased survival and appears to abrogate the efficacy of
immunotherapies [51,52].

In the multicohort phase II NCT02336165 trial, the combination of PD-L1 blockade
(durvalumab) and bevacizumab was explored in three distinct cohorts. In total, 66 re-
current bevacizumab-naïve GBM patients were enrolled in two-dose group (Cohort B2:
durvalumab + bevacizumab 10 mg/kg Q2W; B3: durvalumab + bevacizumab 3 mg/kg
Q2W) leading only to modest signs of activity (cohort B2 PFS-6: 15.2%; cohort B3 PFS-6:
21.1%) [36]. Grade 3–4 TRAEs were observed in 24.2% and 6.1% of patients in cohort B2
and B3, respectively [36]. In cohort C, 22 recurrent, bevacizumab refractory GBM patients
received durvalumab + bevacizumab 10 mg/kg Q2W. At the data cut-off, eight patients
(36%) had OS ≥ 22 weeks, eleven patients (50%) had PFS ≥ eight weeks, and three were
still alive [37]. Common TRAEs were fatigue, increased ALT, constipation, and headache,
mostly mild-to-moderate in severity [37].

The addition of bevacizumab to pembrolizumab was explored in a randomized phase
II study for bevacizumab-naïve recurrent GBM patients (NCT02337491). In total, 50 patients
were randomized to receive the combination (cohort A), while 30 patients were treated
with pembrolizumab alone (cohort B). PFS-6 was 26.0% (95% CI: 16.3, 41.5) and 6.7%
(95% CI: 1.7, 25.4) in the combination arm and in the pembrolizumab monotherapy arm,
respectively [38]. Patients treated with the sole pembrolizumab had a better outcome
(median OS 10.3 months, 95% CI: 8.5, 12.5) versus 8.8 months, 95% CI: 7.7, 14.2) [38].
Immune biomarkers, including PD-L1 expression, TIL infiltration, and immune activation
gene expression profile, were not associated with OS [38]. Baseline dexamethasone use as
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well as lack of tumor MGMT methylation and IDH1 mutation correlated with poorer OS.
Analysis of plasma angiokines revealed that elevated baseline placental growth factor and
soluble VEGF receptor-1 (cohort B) and post-therapy VEGF (cohort A) levels correlated
with poorer survival [38].

In the same setting, the combination of axitinib (high-affinity tyrosine kinase inhibitor
of the VEGF-receptors) and avelumab (NCT03291314) did not demonstrate a sufficient level
of activity to deserve further investigation. PFS-6 was 22.2% (95% CI 6.5% to 37.9%) and
18.5% (95% CI 3.8% to 33.2%) in patients with a baseline use of steroid <8 mg and >8 mg of
methylprednisolone, respectively [39]. AEs of special interest were pulmonary embolism
(6%, all grade 4), immune-related hepatitis (4%; one grade 2, one grade 3), immune-related
pneumonitis (2%; grade 3), psoriasiform rash (2%; grade 2), and microscopic colitis (2%,
grade 2) [39].

3.3.2. Checkpoint Blockade and Radiation Therapy

Accumulating evidence fostered the clinical evaluation of RT in combination with
checkpoint blockade. Mainly, the use of SRS has gained popularity across multiple tumor
types, owing to the potential to promote antigen release, limit the systemic immunosuppres-
sion associated with RT, and therefore assist in initiating an antitumor immune response.
Radiation induces tumor cells’ immunogenic death, stimulating the release of tumor-
associated antigens and increasing antigen presentation, promoting a pro-inflammatory
TME, enhancing antitumor T-cells recruitment and antitumor responses [53]. The poten-
tial synergistic effects of RT and ICIs are also supported by previously described murine
glioma models showing prolonged survival, increased TILs levels, and reduced local
immunosuppression [16,20].

An open-label, single-arm phase I trial (NCT02313272) investigated the triple com-
bination of pembrolizumab, hypofractionated stereotactic irradiation (HFSRT), and beva-
cizumab in 32 recurrent HGG patients (bevacizumab naïve, n = 24; bevacizumab resistant,
n = 8). Treatment was well tolerated, with only one discontinuation due to grade 3 transam-
inases elevation. ORR in the bevacizumab naïve and bevacizumab resistant cohorts was
83% and 62.5%, respectively [40]. Median PFS was 7.92 and 6.54 months, and median
OS was 13.45 and 9.3 months in bevacizumab naïve and bevacizumab resistant patients,
respectively [40]. In a phase I/II clinical trial evaluating the combination of HFSRT with
durvalumab for recurrent GBM (NCT02866747), one dose-limiting-toxicity (DLT) was
reported among six patients (grade 3 immune-related vestibular neuritis). At the time
of analysis (January 2019), all the patients had a PD, and four were still alive; interim
analysis of the phase II part is ongoing [41]. A phase II, open-label, single-arm, multicenter
study evaluated avelumab combined with HFSRT (NCT02968940) in adults with secondary
IDH-mutant GBM previously treated with RT and CT. In the safety lead-in cohort of the
study (n = 6), no DLT was observed. Median PFS was 4.2 months (range 1.4 to 5.7), median
OS was 10.1 months (range 6.8 to 21) [42]. After this analysis, the study closed due to
slow accrual. Finally, a phase II study evaluated nivolumab in combination with HFSRT
and bevacizumab in recurrent MGMT methylated GBM (NCT03743662). As recently pre-
sented at Society for Neuro-Oncology (SNO) 2020 conference, at a median follow-up of
8.7 months, median PFS and OS were, respectively, 6.7 and 16 months, with a one-year OS
of 59% [43]. Treatment was well-tolerated, with only one ≥ grade 3 adverse event (amylase
increase) [43].

3.3.3. Co-Targeting of Different Immune Checkpoints

The simultaneous modulation of different immune checkpoints or the targeting of
different immune cell populations (e.g., TILs and TAMs) is another intriguing combination
strategy currently under intensive clinical investigation. These approaches aim to overcome
immune effector-cell exhaustion and counteract the glioma-induced immunosuppressive
milieu. As reported above, the combined blockade of immune checkpoints showed aus-
picious signs of activity in GBM mouse models, leading to an increased immune cell
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infiltration and development of immunologic memory [19–21]. Based on all these premises,
the evaluation of multiple clinical combinations is ongoing, with anti-PD-1/PD-L1 agents
as a standard therapeutic backbone.

A phase I, open-label, multicenter, multi-arm trial studied the safety of the anti-
LAG-3 BMS-986016 alone and combined with nivolumab in GBM patients at the first
recurrence after standard chemoradiation (NCT02658981). The study also included two
urelumab (anti-CD137 mAb) arms closed prematurely due to drug development program
discontinuation. Among 33 evaluable patients, the median OS was eight months, with
three patients living beyond 20 months [44]. No DLTs were associated with anti-LAG3
monotherapy, while five total DLTs were observed in combination arms of anti-LAG-
3 + nivolumab (one grade 3 muscle weakness, two a grade 3/4 edema, one grade 3
hypertension, and one grade 3 syncope) [44]. Another phase I study investigated BLZ945,
an oral inhibitor of colony-stimulating factor 1 receptor (CSF1R), alone or in combination
with spartalizumab (anti-PD-1) in several solid tumors (NCT02829723). Among evaluable
GBM patients (n = 18), two PR were reported; among all treated GBM patients (n = 24),
seven remained on treatment for more than 16 weeks [45]. Phase II of the study enrolling
only GBM patients is currently ongoing.

3.4. Neoadjuvant Setting

A multi-institutional, randomized, open-label pilot trial evaluated the feasibility
and the efficacy of neoadjuvant PD-1 blockade in recurrent, surgically resectable GBM
(NCT02337686). A total of 35 patients were randomized to receive pembrolizumab before
and after surgery (n = 16) or only as adjuvant therapy (n = 19). In the neoadjuvant arm of
the trial, one course of pembrolizumab was administered approximately two weeks before
surgery. Anti-PD-1 therapy was overall well-tolerated, with no unexpected toxicities and
no surgical delay in the neoadjuvant arm. Patients receiving pembrolizumab given before
surgery showed a significantly better outcome (HR 0.39, 95% CI 0.17–0.94; p = 0.04, log-rank
test) [46]. Median OS and median PFS were 13.7 months versus 7.5 months and 3.3 months
versus 2.4 months for neoadjuvant versus adjuvant pembrolizumab, respectively [46].
Beyond the enthusiasm generated by this significant survival gain, translational data that
emerged from this study were of key importance to understand the changes in brain
immunity induced by the administration of immunomodulating mAbs. Presurgical PD-1
blockade determined TILs activation leading to an IFN-γ response within the TME, together
with an upregulation of T cells and IFN-γ-related gene expression and downregulation
of cell cycle-related gene expression within the tumor [46]. Moreover, focal induction
of PD-L1 in the TME, enhanced clonal expansion of T cells, decreased PD-1 expression
on peripheral blood T cells, and a decreasing monocytic population were observed more
frequently in patients treated with neoadjuvant pembrolizumab [46].

A second prospective, single-arm study conducted by Schalper et al. supports a
neoadjuvant strategy (NCT02550249). Neoadjuvant administration of nivolumab in 30
GBM patients resulted in enhanced expression of chemokine transcripts, higher immune
cell infiltration, and augmented T-cell receptor clonal diversity among TILs, although
no significant clinical benefit was noted (median PFS and median OS were 4.1 and 7.3,
respectively) [47].

In another exploratory study, 15 patients affected by recurrent and operable GBM
received pembrolizumab before and after surgery (NCT02852655). At a median follow-up
of 50 months, three patients had a PR, and one had an SD; the median OS was 20 months,
with an OS-12 of 63% [48]. Immunophenotyping analysis showed a scarce infiltration
of CD4+ and CD8+ T cells and a prevalence of PD-1-positive CD68+ macrophages; no
significant increase in the number of CD8+ cytotoxic T cells was found after pembrolizumab
treatment [48].

In summary, presurgical PD-1 blockade seems to induce local and systemic immune
responses, with enhanced priming and expansion of tumor-specific T cells, probably driven
by tumor-associated-antigens exposure and prolonged in subsequent adjuvant doses. These
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studies provide compelling evidence that neoadjuvant PD-1 inhibition could rescue ICI
efficacy in GBM. Well-designed, prospective clinical trials are warranted to assess the real
impact of this approach.

4. Biomarkers

Unlike other immune-responsive cancers (e.g., melanoma, lung cancer), malignant
gliomas are characterized by poor T-cells infiltration, a low tumor mutational burden
(TMB), and a strongly immunosuppressive TME, representing the paradigm of what
we call a “cold tumor” [54]. As observed in other immune refractory cancers, clinical
investigations demonstrated that only a small fraction of GBM patients achieve durable
benefit by immune checkpoint modulation. Waiting for effective combinatorial strategies
that will hopefully widen the range of responders, there is an urgent need for biomarkers
to guide clinicians in patient selection.

Several factors, such as high PD-L1 expression, microsatellite instability (MSI), defi-
cient DNA mismatch repair (MMRd), and a high TMB, among others, have been identified
as predictors of responsiveness to checkpoint blockade in different solid malignancies [55].
It is currently unclear whether these biomarkers could also have a predictive significance
in the glioma field.

PD-L1 expression widely varies across the different studies in malignant gliomas spec-
imens, ranging from 7.8% to 88%, due to differences in antibodies used for PD-L1 detection,
staining pattern (membranous or fibrillary), and cut-off values for PD-L1 expression [56,57].
Notably, among a series of 43 grade II/III and grade IV gliomas, IDH-wild-type gliomas
appeared as more immune-activated tumors due to a higher rate of TILs infiltration and
PD-L1 expression in comparison to IDH-mutated gliomas (p < 0.001) [58]. A recent metanal-
ysis of nine studies, including 806 GBM patients, indicated that PD-L1 expression in tumor
tissues was significantly related to a poor clinical outcome (HR = 1.63, 95% CI: 1.19–2.24,
p = 0.003) [59]. Beyond the negative prognostic value, neither PD-1 nor PD-L1 expression
has been definitively shown to be predictive of response to immunotherapies in gliomas.

In the sole prospective phase III trial published so far, the Checkmate 143 trial, PD-L1
tumor expression was determined retrospectively by a central laboratory on archival tumor
tissue from first surgery or recurrence, with PD-L1 positivity defined as membranous
staining in≥1% of tumor cells. Only 26% of tumor specimens in the nivolumab group were
PD-L1 positive, and no predictive value was found at a prespecified subgroup analysis [31].

Besides its well-recognized predictive role in GBM patients undergoing standard
chemoradiation with TMZ, MGMT promoter methylation is emerging as a factor potentially
associated with improved outcomes in patients receiving different immunotherapeutic
strategies. Again in the Checkmate 143 trial, MGMT methylated patients with no baseline
corticosteroid use had a trend toward improved OS with nivolumab (17.0 months) vs.
bevacizumab (10.1 months) [31]. Moreover, preliminary data from a phase 3 randomized,
double-blinded, placebo-controlled clinical trial of an autologous tumor lysate-pulsed
dendritic cell vaccine (DCVax®-L) for newly diagnosed GBM showed that the median OS
was 34.7 months (95% CI 27.0–40.7) and 19.8 months (95% CI 17.9–21.7), in patients with
methylated and unmethylated MGMT, respectively [60]. A possible explanation for these
findings is that MGMT methylated tumors exhibit four more times the number of somatic
mutations than MGMT-unmethylated GBM, making these tumors more immunogenic and
more susceptible to the action of different immunotherapeutic approaches [61].

In a retrospective series of 66 adult patients with recurrent GBM treated with PD-1
inhibitors (pembrolizumab or nivolumab), including 17 long-term responders, genomic
and transcriptomic analysis revealed a significant enrichment of phosphatase and tensin
homolog (PTEN) mutations associated with immunosuppressive expression signatures in
non-responders (p < 0.05), and enrichment of mitogen-activated protein kinase (MAPK)
pathway alterations (protein tyrosine phosphatase non-receptor type 11, BRAF) in respon-
ders (p < 0.05). In the same study, correlation analysis showed that PTEN mutations are
significantly associated with higher levels of macrophages, microglia, and neutrophils in
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the TME (p < 0.05). Of interest, in post-treatment PTEN wild-type samples, the density of
CD3+ T cells significantly increased compared with pre-treatment samples (p = 0.0095),
while PTEN-mutated samples did not show this pattern [62].

Improved response to checkpoint blockade is associated with a higher TMB across
multiple cancer types. This association in HGGs remains uncertain. Fewer than 2% of
newly diagnosed GBM and up to 20–30% of recurrent GBM after TMZ exposure exhibit
a hypermutated genotype often associated with MMRd. Moreover, lower-grade gliomas
treated with TMZ can also recur as hypermutated HGG [63,64]. Previous clinical reports
demonstrated the potential activity of ICIs in this setting. Bouffet et al. showed remarkable
and durable tumor regressions in two pediatric siblings with recurrent multifocal germline
biallelic MMRd GBM treated with nivolumab [65]. In another case, an adult GBM patient
diagnosed with a hypermutated genotype in the setting of a polymerase epsilon gene
(POLE) germline alteration had a sustained response to pembrolizumab therapy after an
intracranial and spinal progression [66]. Touat et al. performed a comprehensive molecular
analysis in 10,294 gliomas from clinical sequencing panels datasets and a retrospective
review of 11 MMRd glioma patients treated with PD-1 blockade. In this study, MMRd
gliomas were predominantly associated with TMZ exposure, lacked significant T-cell
infiltrates, were not associated with MSI, and were characterized by extensive intratumoral
heterogeneity, poor survival, and a low response-rate to immunotherapy [67].

Recently, in two cohorts stratified by TMB, recurrent GBM patients with ≤ median
TMB had more prolonged survival after anti-PD-1/PD-L1 blockade than those with >
median TMB [68]. Transcriptomic analyses also showed enriched inflammatory gene signa-
tures in recurrent GBM tumors with a low TMB [68]. Survival differences were maintained
after excluding IDH-mutated, MGMT methylated, and hypermutated patients and were
not related to steroid dosage [68]. Notably, these associations were not showed in primary
GBM patients [68]. Accordingly, in a recent observational study, 13 patients (eight GBM,
four anaplastic astrocytomas, one anaplastic oligodendroglioma) with partial or complete
loss of mismatch repair proteins had no apparent clinical benefit from pembrolizumab
treatment (median PFS 2.2 months, median OS 5.6 months, no partial or complete re-
sponse) [69]. Likewise, in the phase II study KEYNOTE-158 evaluating pembrolizumab
activity in several different non-colorectal cancers harboring MMRd or MSI, only brain
tumor patients (n = 13) showed no radiological response with a median PFS and OS of 1.1
and 5.6 months, respectively [35].

5. Future Perspectives

Despite the strong immunobiological rationale and the compelling preclinical evi-
dence, the failure of large randomized phase III trials of PD-1 blockade both in the adjuvant
and recurrent setting may have already certified the end of the clinical experience with
immune checkpoint modulation as treatment of malignant gliomas. However, investiga-
tors’ impression is that we are yet far from disclosing the full potential of immune-based
treatments for HGG patients. One unresolved question is whether the major contributor to
these disappointing results is identifiable in the restrictive intracranial environment, once
considered an immune-privileged site, with constraints for drug and immune cell access,
or in the GBM’s immune-biology itself. We still do not know with certainty if PD-1\PD-L1
blocking antibodies must locate within the tumors to exert their full activity or simply act
on peripheral T cells before their central nervous system (CNS) entry. ICIs’ effectiveness
against brain metastases from melanoma and lung cancer underscore the relevance of
glioma genetics, intratumoral heterogeneity, and multifactorial immunosuppression. The
BBB selectively regulating the influx of effector cells and therapeutics, a scarce CD8+ T-cells
infiltrate, low APCs populations, and the prevalence of immunosuppressive humoral fac-
tors are GBM-specific barriers to immunotherapy efficacy. Moreover, severe lymphopenia
and glioma-induced sequestration of T-cells in the bone marrow are commonly observed
in GBM patients. Corticosteroids, universally used to alleviate symptoms of vasogenic
edema in brain malignancies, have profound immunological consequences. Indeed, steroid
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therapy decreases intratumoral and systemic levels of T cells and qualitatively impairs
lymphocyte functions, limiting PD-1 blockade efficacy [52,54].

However, in all clinical experiences conducted so far, we invariably found a subgroup,
albeit small, of patients with a long-lasting clinical benefit from ICI treatment. This ob-
servation clarifies the absolute need for a continued investigation to better understand
how to counteract glioma-specific T cell dysfunction and immunosuppressive TME and
broaden the range of patients achieving such durable tumor control observed in other
cancers. Great expectations have been raised by combining ICIs with other potentially
synergistic therapeutic approaches. In the absence of data from large prospective trials
for such combinations, early-phase studies’ preliminary results appear again not entirely
satisfactory. Clinical activity of PD-1/PD-L1 blockade seems not to be significantly in-
creased by the addition of antiangiogenic therapy [36–39], and the same consideration
currently has to be made for dual immune checkpoint blockade. However, a new wave
of novel and promising combinatorial strategies of ICIs with different modalities such
as oncolytic viruses, vaccines, chimeric antigen receptor (CAR) T cells have begun their
clinical development [70], with the hope of effectively boost antitumor immunity and
bringing to the clinic effective therapeutic options for HGG patients.

Besides the chapter of combinations currently under clinical investigations, what
recently emerged is that the timing of checkpoint inhibition in GBM could represent
a crucial factor for success. Results from presurgical or neoadjuvant trials are, in our
opinion, exciting and not only for the survival data but mostly for the immunobiological
modifications observed after the exposure to PD-1 blockade, skewing TME towards a more
immunogenic milieu. Such types of trials, also called “Phase 0, or window of opportunity
trials”, provide an in-depth characterization of glioma TME, allowing us to understand the
real effects of our pharmacological modulation on the tumor-immune dynamic system into
the brain. These novel designs could further lead to new insights into the fundamental
immunobiology of the CNS itself and the acquisition of valuable molecular information for
intrinsic resistance to ICI treatment. Randomization represents another key component
of this novel wave of studies, ensuring the strength of immunologic and transcriptional
findings and reducing selection bias. It is imperative to pursue rational clinical trial
design and biomarkers discovery to either identify those subsets of patients most likely
to experience clinical benefit and avoid discarding potential promising agents due to
heterogeneous and unselected populations. As new promising targets continue to emerge
and our understanding of brain tumor genomics and immune TME rapidly improves,
despite failures and formidable challenges, we firmly believe that the end of immune
checkpoints investigation in malignant gliomas has yet to be written.
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