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Introduction

The Annual Meeting for the Society for Neuro-Oncology
(SNO) was held in November 2021. The meeting caters
to the multidisciplinary field of neuro-oncology, including
future growth and advances. During the conference,
several key clinical trials and research were presented with
respect to the diagnostic and therapeutic advances. Several
emerging themes were observed from these presentations,
including immunotherapy, targeted therapy, and focus on
meningioma. These topics are at the forefront of current
research for treatment of central nervous system (CNS)
tumors and shed light on new therapeutic agents as treatment
options. Here, we present a brief editorial of several key
abstracts (Ziable 1) within these themes and relevant data to
be interpreted in the context of continued evolution and
progress of treatment of primary CNS tumors.

Immunotherapy in glioma

The current standard of care for treatment of newly diagnosed
glioblastoma remains radiotherapy (RT) with concurrent
temozolomide (TMZ) followed by adjuvant TMZ (8).
While this first line therapy is well established, nearly all
patients go on to have recurrence. Many clinical trials have
aimed to determine therapeutic alternatives to prolong
survival. Immunotherapy is one such therapeutic option
which has been widely researched. One such phase III trial
(NCT02667587) was presented at SNO 2021 looking at the
addition of nivolumab to current standard of care (1). In this
study, 716 patients with newly diagnosed glioblastoma were

© Chinese Clinical Oncology. All rights reserved.

randomized 1:1 to experimental and control arm regardless
of programmed death-ligand 1 (PD-L1) expression. All
patients were O°-methylguanine-DNA-methyltransferase
(MGMT) methylated or indeterminate. Individuals in
the experimental arm received nivolumab (first dosed at
240 mg every 2 weeks for 8 doses followed by 480 mg every
4 weeks) with concurrent standard of care consisting of RT
with concurrent TMZ followed by six cycles of adjuvant
TMZ. The control arm received only standard of care with
a placebo infusion. Primary endpoints of the trial included
progression free survival (PFS) and overall survival (OS).
Overall, no improved survival was seen in patients who
received nivolumab with PFS 10.6 months for the group who
received Nivolumab vs. 10.3 months for standard of care (HR
1.06, 95% CI: 0.9-1.25) and OS 28.9 months with addition
of nivolumab vs. 32.1 months in the control group (HR 1.1,
95% CI: 0.91-1.33). There was further characterization of
OS for patients who were not on baseline corticosteroids,
which showed OS 31.2 months in experimental arm vs.
33.0 months, which does show prolonged survival if not
on baseline corticosteroids. Additional endpoint included
safety, with 52.4% of patients receiving nivolumab reporting
grade 3—4 adverse events as compared to 33.6% of patients
who did not receive nivolumab. Thus, patients who received
nivolumab showed increase risk of adverse events but no
improvement in survival in the newly diagnosed setting.
While treatment at diagnosis has been well described in
the literature, there is no current standard of care exists for
treatment of recurrence of glioblastoma (9). Therapeutic
options often used include lomustine, an alkylating agent
with similar properties to TMZ, as well as bevacizumab, a
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Table 1 Summary of clinical trials presented
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Author Trial phase Tumor type Therapy Therapy type Results

Weller et al. (1) I} GBM Nivolumab Immunotherapy No improvement in PFS or OS

Desjardins et al. (2) I/ GBM PVSRIPO Immunotherapy No significant toxicity,

prolonged OS

Arrillaga-Romany et al. (3) Il H3K27 DMG ONC201 Targeted therapy ~ Prolonged ORR, PFS, and OS

Doz et al. (4) I/ Primary CNS tumors  Larotrectinib Targeted therapy  Prolonged ORR, PFS, and OS
with NTRK fusion

Brastianos et al. (5) Il Meningioma Pembrolizumab  Immunotherapy Prolonged PFS

Yust-Katz et al. (6) Il Meningioma and HPC Pembrolizumab  Immunotherapy Lack of generalizable data

Plotkin et al. (7) Il Meningioma Vistusertib Targeted therapy  Prolonged PFS

GBM, glioblastoma; DMG, diffuse midline glioma; CNS, central nervous system; NTRK, neurotrophic tyrosine receptor kinase; HPC,
hemangiopericytoma; PFS, progression free survival; OS, overall survival; ORR, overall response rate.

vascular endothelial growth factor (VEGF) inhibitor which
is often used for symptom control at time of recurrence (10).
Immunotherapy has also been pursued as a treatment
option at time of recurrence. One such study was presented
using PVSRIPO, which is an immunotherapy agent which
targets CD155 via poliovirus on malignant cells of solid
tumors (2). In preclinical models, this agent has been
shown to elicit a tumor antigen-specific T-cell mediated
anti-tumor response (11). A phase 1 study showed
prolonged survival with PVSRIPO compared to control in
patients with recurrent GBM (12). The data presented at
SNO 2021 included updates to phase I safety and efficacy
and interim results of the phase II trial (2). In this trial,
patients with recurrent, histologically-confirmed recurrent
glioblastoma (n=149) were given PVSRIPO intratumorally
versus convection-enhanced delivery on day 1. Follow-
up was done at 12 and 24 months. Of these patients, 30
received doses of PVSRIPO in phase I. Safety was assessed,
with no dose-limiting toxicities and 97% of patients
experiencing grade 1-2 adverse events. OS was the primary
endpoint assessed, with 12 months OS 54% for phase I
and 50% for phase II and 24 months OS 18% and 17%
for phase I and phase II, respectively. Both smaller lesions
and MGMT methylation were associated with prolonged
survival, which is consistent with prior data (13). Overall,
PVSRIPO was shown to be associated with prolonged long-
term survival as compared to historic controls and was
shown to be well tolerated, which suggests that this may be
a promising therapeutic agent for recurrent glioblastoma in
the future pending further studies.
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Targeted therapy in glioma

Recent research in the field of neuro-oncology has
emphasized the importance of molecular classification of
glioblastoma in development of targeted therapies (14). One
trial presented specifically looked at treatment for H3K27
mutant diffuse midline gliomas (DMGs) (3). This trial
looked at drug efficacy of ONC201, which is an anti-cancer
DRD?2 antagonist and CIpP agonist (15). Efficacy analysis
was reported on 50 patients, both pediatric and adult, with
H3K27 mutant DMG. Results reported included overall
response rate (ORR) of 20% with median duration of
response of 11.2 months and median time to response of
8.3 months. The ORR by RANO-LGG criteria was 26.0%.
Additionally, PFS at 6 months was 35.1% and median OS
was 13.7 months (median follow-up 18 months) with OS at
24 months 34.7%. Overall, this trial showed that ONC201
monotherapy showed meaningful radiographic and clinical
response in recurrent H3K27 mutant DMGs and should be
considered in the management of these patients.

Data was also presented on larotrectinib as a treatment
for primary CNS tumors. larotrectinib is a selective tyrosine
receptor kinase (TRK) inhibitor which has been shown to be
beneficial for patients with TRK-fusion malignancies (16).
At the SNO 2021 conference, data from two clinical trials
(NCT02637687, NCT02576431) including 33 patients
with TRK fusion-positive CNS tumors treated with
larotrectinib was presented (4). Tumor etiology included 19
high-grade gliomas (HGG), 8 low-grade gliomas (LGG),
2 glioneuronal tumors, 2 neuroepithelial tumors, 1 CNS
neuroblastoma, and 1 small round blue cell tumor. In these
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patients, ORR was 30% with three patients with complete
response (all pediatric), 7 with partial response, 20 with
stable disease, and 3 with progressive disease. Median time
to response was 1.9 months irrespective of number of prior
systemic therapies. The ORR in patients with HGG was
26% and 38% in LGG. Median PFS was 18.3 months
with median OS 85% at 12 months and not reached at
16.5 months median-follow-up. Three patients reported
grade 3-4 treatment-related adverse events. Overall, this
data demonstrated sustained response in patients with
TRK fusion-positive tumors receiving larotrectinib with
a favorable safety profile, and should be considered in
the treatment of primary brain tumors, especially in the
pediatric population.

While many trials focus on gliomas, more research efforts
have been placed on other primary CNS tumor subtypes,
including meningioma. Meningiomas are the most common
primary CNS tumor in adults (17). One abstract presented
at SNO 2021 highlighted the importance of molecular
classification of meningiomas (18). Four molecular groups
were presented based on DNA copy-number mutations,
DNA point mutations, DNA methylation, and mRNA
abundance. These groups each had a unique biology
and included immunogenic (MG1), benign NF2 wild-
type (MG2), hypermetabolic (MG3), and proliferative
(MG#4) (18). The MGI1 subtype demonstrates the highest
frequency of NF2 and SMARCB mutations with high
percentage of S100 protein expression. Of these subtypes,
the MG3 and MG#4 subtype show the most variability
in terms of mutations and variability in chromosomal
copy numbers. There was decreased PFS described in
progression from MGI1 to MG#4 subtype, with the MG4
subtype showing the most unfavorable outcomes. The
importance of these mutations is underscored by the unique
behavior of each group which ultimately predicts clinical
outcomes and determines therapeutic options.

Current treatment includes surgical resection as medical
therapies have proven to be limited (19). At SNO 2021, three
phase II trials were presented, including two trials looking
at the therapeutic benefit of Pembrolizumab and a third
trial looking at the therapeutic benefit of vistusertib (5-7).
In one phase II trial presented at SNO 2021, 24 patients
with recurrent grade II and III meningiomas were treated
with Pembrolizumab (5). Of the 24 patients, 20 underwent
more than one surgical resection and 12 received more than
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one round of RT. The trial data showed 6 months PFS rate
of 0.5 and median PFS of 8.3 months. Median PFS for the
12 patients who achieved primary 6 months PFS endpoint
showed overall PFS of 17.3 months from start of treatment.
As the primary endpoint of 6 months PFS was met, this
suggest the need to conduct further trials on the efficacy
of pembrolizumab as a treatment option for anaplastic
meningiomas.

A second phase II trial presented further assessed
the efficacy of pembrolizumab in recurrent anaplastic
meningioma and hemangiopericytoma (6). In this study, 12
patients (2 hemangiopericytoma, 10 refractory anaplastic
meningioma) who had undergone prior treatment were
treated with pembrolizumab. Primary endpoint included 6
and 12 months PFS with median follow-up of 18.5 months.
The PES was 25% at 6 months and 16.7% at 12 months
with a median PFS of 2.75 months. The ORR was 16.7%
with only 2 patients showing partial response. Median
survival was not yet reached, but 1 year survival was noted
to be 82.5%. Despite the previous trial demonstrating some
clinical efficacy, this trial showed a low ORR. There is some
data to suggest a subset of patients might benefit, given that
two patients did show partial response, but there was lack of
generalizable response data among the population tested.

The third trial presented was a phase II study looking
at the efficacy of vistusertib, an mTOR inhibitor (7).
The NF2 gene, a regulator of the mTOR complex, is
inactivated in more than half of meningiomas, which
has been suggested to be associated with meningioma
growth (20). Thus, targeting the mTOR complex was
studied as a potential treatment for recurrent meningiomas.
In this phase II trial, 28 patients with recurrent grade II
and III meningiomas were enrolled (NCT03071874). Of
these patients, 50% harbored pathogenic NF2 variants. The
primary endpoint was measured as PFS with progression
defined radiographically with a 25% increase in size. The
6 months PFS was 47% and 12 months was 72%. PFS,
but not OS, was overall decreased in patients with grade
III meningioma, but there was no different in PFS or
OS between genetic groups in regards to NF2 mutation.
Opverall, vistusertib treatment was associated with 6 months
PFS exceeding target 35%, which suggests that further
research and trial of mTOR inhibitors is warranted in
treatment of recurrent meningiomas.

Conclusions

The SNO annual meeting provided a platform for the
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presentation and discussion of diagnostic and therapeutic
research in the field of neuro-oncology. The trials
discussed highlight a small subset of the data presented.
Opverall, several themes emerge from this data regarding
the potential therapeutic benefit of various treatment
modalities. Results from one phase III study showed
no improved survival with nivolumab in patients with
newly diagnosed glioblastoma while a phase II study
showed potential efficacy of a different immunotherapy,
PVSRIPO, in regards to OS. This suggests that while
currently available immunotherapy may not be the answer
to prolonged survival, novel immunotherapy agents warrant
further evaluation for potential benefit. Additionally, more
targeted therapy with ONC201 did show benefit in a subset
of patients with H3K27M mutant DMG. Additionally, TRK
fusion targeted therapy with larotrectinib did show response
in patients with positive primary CNS tumors. This further
emphasizes the importance of individualized molecular
classification of tumors and highlights the importance of
a more individualized, targeted approach. Future clinical
trials should be designed around this targeted approach.
Finally, two potential treatments for recurrent meningioma
were studied, including pembrolizumab and vistusertib
which both showed some potential for survival benefit in a
subset of patients. The trials presented lay the groundwork
for future directions of clinical trials in the advancement of
therapeutics for primary CNS tumors.
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