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Summary More than 140 abstracts were presented in
the Central Nervous System Tumors track during the
2021 American Society of Clinical Oncology (ASCO)
virtual meeting. Here, we review our personal high-
lights of the presented data. In rare entities such
as papillary craniopharyngioma and neurotrophic
tyrocine receptor kinase (NTRK)-fusion-positive tu-
mors, promising data on targeted therapies were
reported. In addition, early data on olaparib in high-
grade glioma and combinational immunotherapy ap-
proaches will be briefly reviewed. Furthermore, the
eagerly awaited results of the EORTC-1709 phase III
trial on the pan-proteasome inhibitor marizomib in
newly diagnosed glioblastoma were shown at the
meeting. Although no practice-changing trials were
presented for glioma patients, new treatments are on
the horizon and results from modern platform trials
are awaited in the near future.
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BRAF/MEK inhibition in newly diagnosed
papillary craniopharyngioma

Craniopharyngiomas are rare tumors occurring at an
incidence of ~0.2/100,000 person/years. Previously,
the BRAF V600E mutation could be detected in 95%
of papillary craniopharyngiomas [1]. This genetic al-
teration has been characterized in a variety of solid
tumors, and specific inhibitors such as vemurafenib
and encorafenib have reached approval status. Neu-
rosurgical resection is the primary treatment option
for craniopharyngiomas; however in rare cases com-
plete surgery is not possible. In the Alliance A071601
phase II trial, 16 patients with progressive papillary
craniopharyngioma without previous radiotherapy
were treated with combined BRAF/MEK inhibition
(vemurafenib/cobimetinib) in a 28-day cycle (Ta-
ble 1) [2]. All individuals who underwent more than
one cycle of treatment showed objective responses at
a median volumetric tumor reduction of 83%. Pos-
sibly treatment-related grade 3 adverse events were
observed in 12/16 patients. Further data in previously
irradiated patients is pending. Nevertheless, the data
suggest that BRAF/MEK inhibition may be a feasible
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approach in these rare tumors if no local therapies
are available.

Larotrectinib in NTRK-fusion-positive primary
central nervous system tumors

Although rare, oncogenic fusions of the neurotrophic
receptor tyrosine kinase gene (NTRK) with other genes
occur acrossmany solid tumor entities. Specific NTRK
inhibitors such as larotrectinib are approved for use
in children and adults with NTRK-fusion-positive tu-
mors. Efficacy and safety data of NTRK inhibition
have been recently reported, with objective responses
in 79% of patients with extracranial tumors at a fa-
vorable safety profile [3]. Respective data in CNS tu-
mors were presented at ASCO 2021 [4]. Data of 33 pa-
tients with NTRK-fusion-positive CNS tumors have
been shown, of whom 26 patients (78.8%) were pedi-
atric. Most patients were diagnosed with high-grade
gliomas (19/33, 57.6%), followed by low-grade gliomas
(8/33, 24.2%) and singular cases with glioneuronal
and neuroepithelial tumors as well as other rare enti-
ties. Observed outcomes were complete responses in
3/33 (9.1%) patients, partial responses in 7 (21.2%)
patients, stable disease in 20 (60.6%) patients and
progressive disease in 3 (9.1%) patients. All com-
plete responses were seen in pediatric patients. No-
tably, 23/28 (82.1%) patients with measurable disease
showed a decrease in tumor size, and median time
to response was 1.9 months. Treatment-related grade
3–4 adverse events were seen in 3 patients, and no
treatment discontinuations due to toxicity were re-
ported. In conclusion, the presented data showed that
larotrectinib is feasible and safe in the specific (but
small) subgroup ofNTRK-fusion-positive CNS tumors.

PARP inhibition in IDH-mutant high-grade glioma
(OLAGLI trial)

Mutations in the isocitrate dehydrogenase (IDH) 1/2
gene occur in about 30% of diffuse gliomas. Pre-
clinical data suggested that poly-ADP-ribose poly-
merase (PARP) inhibition reduces tumor growth via
suppression of the homologous recombination DNA
repair pathway [5]. Based on these observations,
a phase II trial in recurrent high-grade IDH-mutant
gliomas after radiotherapy and at least one line of
alkylating chemotherapy was performed [6]. Patients
were treated with olaparib 300mg twice daily which
was generally well tolerated. Still, efficacy signals
were weak. Median progression-free survival was
2.3 months, while median overall survival reached
15.9 months with is comparable to historical controls
in IDH-mutant glioblastoma (GBM) [7]. At a median
follow-up of 11 months, olaparib treatment was dis-
continued in 30/35 (85.7%) patients due to tumor
progression, suggesting limited antitumoral activity.

Combinational approaches in glioma
immunotherapy

So far, immunotherapy has failed to show clinically
meaningful efficacy in glioma. In recurrent GBM,
the CheckMate-143 trial comparing nivolumab with
bevacizumab failed to reach its primary endpoint,
although some durable responses could be observed
[8], and similar results could be observed in newly
diagnosed GBM [9, 10]. Therefore, current research
focuses on improving patient selection and combi-
national approaches. Indeed, vascular endothelial
growth factor (VEGF) has been shown to impact
antitumoral immunity [11], providing the rationale
for combining anti-VEGF treatment with immune
checkpoint inhibitors. At ASCO 2021, the results of
one combination trial of nivolumab with standard-
(10mg/kg) and low-dose (3mg/kg) bevacizumab were
reported [12]. However, overall survival of both arms
was comparable to historical controls of bevacizumab
monotherapy. Interestingly, patients aged >60 had
better overall survival with standard-dose as com-
pared to low-dose bevacizumab, suggesting that age
may influence on the efficacy of anti-VEGF/anti-PD-1
combination therapies in brain tumors.

Another phase I study analyzed the impact of the
IDH inhibitors ivosidenib and vorasidenib on epige-
netic, transcriptomic and tissue immune markers in
IDH-mutated glioma [13]. The extent of IDH inhibi-
tion was determined by the levels of the oncometabo-
lite 2-hydroxyglutarate (2-HG) in tumor tissue. In
patients with optimal 2-HG suppression, CD3+/CD8+
tumor-infiltrating lymphocytes were significantly in-
creased as compared to samples with suboptimal
2-HG suppression. IDH inhibition was associated
with upregulated expression of genes involved in
antigen presentation and type I interferon signaling,
supporting the design of future combination trials of
immunotherapy with IDH inhibitors.

Marizomib in newly diagnosed glioblastoma
(EORTC-1709/CCTG CE.8)

In newly diagnosed GBM, the postoperative standard
of care still consists in combined radiochemotherapy
[14]. In general, radiotherapy is applied at a dose of
60Gy in 30 fractions with daily concomitant temo-
zolomide (TMZ) chemotherapy, followed by six 28-
day cycles of adjuvant TMZ on days 1–5. Despite op-
timal treatment, median overall survival (OS) is still
limited to 15 months, underlining the urgent need for
innovative therapies. In a previous extended phase I
trial [15], the addition of the brain-penetrating, irre-
versible pan-proteasome inhibitor marizomib to stan-
dard radiochemotherapy was assessed in newly diag-
nosed GBM. Based on favorable efficacy and safety,
the EORTC-1709/CCTG CE.8 phase III trial presented
at ASCO 2021 was aimed to substantiate the clini-
cal efficacy of marizomib added to TMZ-based ra-
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diochemotherapy [16]. A total of 749 patients was
enrolled as the independent data monitoring com-
mittee recommended premature closure of the trial
due to futility. Median OS was comparable between
the two groups (15.7 months in the marizomib arm
vs. 15.9 months in the standard arm). Similarly, no
improvement in PFS was observed (6.2 months in the
marizomib arm vs. 6.1 months in the standard arm).
However, grade 3/4 adverse events were more fre-
quent in the marizomib arm (42.6% vs. 20.5%) and
included those seen in previous trials (hallucinations,
headache, ataxia). Further subgroup analyses are on-
going.

“Thinking outside the box”: novel clinical trial
designs in neuro-oncology

The EORTC-1709 study fits well into many negative
phase III trials in GBM in the past decade. Phase III
trials in newly diagnosed tumors are often based on
an extrapolation of phase II data in recurrent disease.
Conversely, many compounds are initially tested in
recurrent, heavily pretreated GBM and do not reach
evaluation in newly diagnosed disease. Further chal-
lenges of clinical trials in neuro-oncology include the
biological heterogeneity of CNS tumors, primary re-
sistance mechanisms and the role of the blood–brain
barrier where translational research will provide fur-
ther insights.

At ASCO 2021, some presentations proposed in-
teresting trial designs which may help to overcome
these hurdles. Data from a phase 0/2 “trigger” trial
of combined CDK4/6+ ERK1/2 inhibition in recur-
rent GBM were shown [17]. Patients were required
to have planned re-resection of recurrent GBM after
radiochemotherapy with a contrast-enhancing tumor
volume of at least 1cm3. Furthermore, retinoblas-
toma (RB) protein expression as well as either loss
of the endogenous CDK inhibitors CDKN2A/B/C or
an amplification of CDK4/6 and expression of pERK
were mandatory, whereas RB gene mutations were
not allowed. In the phase 0 part of the study, pa-
tients preoperatively received the CDK4/6 inhibitor
abemaciclib and the ERK1/2 inhibitor LY3214996 for
6 days. Resection was performed 7–9h (arm A) or
3–5h (arm B) after the last dose, and samples of
the tumor, blood, and craniospinal fluid were ob-
tained. A five-fold concentration of the IC50 (phar-
macokinetic “trigger”) could be detected in the non-
enhancing tumor of 5/10 patients, who then under-
went postoperative treatment with the study drugs
(phase 2). In conclusion, pharmacologically relevant
concentrations could be measured in the included
tumors. Still, it remains to be awaited whether drug
bioavailability in tumor tissue is accompanied by
clinical efficacy.

Another promising trial design was applied in the
Individualized Screening Trail of Innovative Glioblas-
toma Therapy (INSIGhT). This “adaptive platform”

trial consisted of one control arm (TMZ-based ra-
diochemotherapy) and three experimental arms with
radiotherapy and (A) the CDK4/6 inhibitor abe-
maciclib, (B) DNA-PK/mTOR inhibitor CC-115 and
(C) TMZ followed by the epidermal growth factor
receptor inhibitor neratinib. The adaptive random-
ization approach allows to randomize patients based
on early results of the ongoing trial. Thereby, ran-
domization into arms with less active treatments is
gradually decreased over time, while subjects aremore
likely to be enrolled in effective treatments. Similarly,
randomization can be adjusted based on early results
on predictive biomarkers. At ASCO 2021, the results of
the CC-115 arm were presented [18]. In total, 12 pa-
tients were randomized to CC-115, and no significant
benefit for progression-free and overall survival were
seen. The probability of randomization to the CC-115
arm decreased from 25% to 16% due to early PFS data,
and 50% less patients were randomized as compared
to standard randomization, limiting the number of
patients who received a less active treatment. In an-
other presentation, the results of the abemaciclib arm
were shown, with a significant increase in PFS, but
no significant benefit in terms of OS while treatment
was overall well tolerated [19]. Similar “platform” ap-
proaches are currently followed by the ongoing GBM
AGILE [20] and the tumor-agnostic NCI-MATCH [21]
trials.

Take home message

Practice-changing results were limited to very rare sub-
groups of CNS tumors such as those with NTRK fu-
sions and BRAF V600E-positive craniopharyngioma.
Although the EORTC-1709 phase III trial was overall
negative, interesting approaches for future clinical trials
were shown at ASCO 2021. Platform trials as well as
innovative phase 0/2 designs with a strong translational
foundation have the potential to point towards innova-
tive treatment modalities in neuro-oncology.
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