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Abstract
Background  Glioblastoma is the most aggressive primary brain tumour in adults with a dismal prognosis and 
median overall survival of 12–14 months despite standard therapy. Novel discoveries in Cancer Neuroscience have 
revealed excitatory neuron-to-tumour synapses that drive glioma proliferation and invasion via AMPA-receptor 
activation, and vital tumour-autonomous calcium signalling mediated by KCa3.1 channels that sustain cancer 
cell network- and therapy resistance. Both mechanisms have been effectively targeted in preclinical studies using 
perampanel, a non-competitive AMPA-receptor antagonist, and senicapoc, a selective KCa3.1 blocker, suggesting 
promising avenues for treatment. This trial was designed to test the safety, pharmacokinetics, and biological effects 
of these drugs, as mono- and combination therapy, when added to standard-of-care treatment in newly diagnosed 
glioblastoma.

Methods  SENIPERA is a two-stage, phase 0/1, prospective, open-label, randomised clinical trial with an exploratory 
window-of-opportunity design. A total of 27–36 adult patients with newly diagnosed glioblastoma will be enrolled. 
Trial Part A will enrol 9–18 patients in a 3 + 3 dose-escalation design to determine the maximum tolerable dose (MTD) 
of senicapoc. In Part B, 18 patients will be randomised 1:1 to receive perampanel monotherapy or combination 
therapy with senicapoc at the established MTD. Study treatment begins upon enrolment 7–14 days before surgery 
and continues until 30 days after adjuvant radiochemotherapy. Primary endpoints are the MTD of senicapoc (mg) 
(Part A) and the proportion of patients discontinuing perampanel due to intolerance at the lowest dose (Part B). 
Secondary endpoints include safety parameters, overall and progression-free survival, objective response rate, and 
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Introduction
Glioblastoma (GBM) is the most common primary brain 
cancer in adults. The disease is incurable and highly 
treatment resistant [1, 2]. The current standard of care 
includes maximal safe surgical resection, concomi-
tant temozolomide (TMZ) and radiotherapy, and adju-
vant maintenance chemotherapy. Despite these efforts, 
median survival remains 12–14  months from diagno-
sis, underscoring an urgent medical need for new and 
improved treatment options.

Recent advances in our understanding of the disease’s 
interaction with the surrounding brain tissue and intri-
cate mechanisms within the tumour that enable it to 
resist current treatment options, shed light on appealing 
new therapeutic targets [3]. At the tumour edge, GBMs 
consist of highly invasive and proliferating neural pre-
cursor- (NPC) and oligodendrocyte precursor (OPC) 
-like cells [4, 5], while the tumour core is dominated by 
mesenchymal (MES-like) cells interconnected by tumour 
microtubes [6, 7]. Excitatory glutamatergic synapses form 
between surrounding neurons and postsynaptic NPC/
OPC-like cells, driving malignant invasion and growth 
through AMPA-receptor stimulation [8, 9].

Inhibition of the AMPA-receptor through pharmaco-
logical perturbation with perampanel has been shown to 
reduce proliferation of GBM cells and brain invasion in 
patient-derived xenograft (PDX) mouse models [8]. Per-
ampanel, a non-competitive AMPA-receptor antagonist, 
is approved by the U.S. Food and Drug Administration 
and European Medicines Agency for add-on therapy in 
focal and generalized tonic–clonic epilepsy. It displays 

good blood–brain-barrier penetrance and advantageous 
pharmacokinetics, indicating promising clinical utility in 
GBM therapy.

Another recent study identified a novel subpopulation 
of pacemaker-like GBM cells with abundant potassium 
calcium channel 3.1 (KCa3.1) expression, which propa-
gate vital intercellular Ca2+ waves through the tumour 
core, facilitating growth and resistance to chemo- and 
radiotherapy [10]. KCa3.1 generally regulates and main-
tains membrane potential and calcium influx, supporting 
pivotal cellular processes such as proliferation, migra-
tion, and cell cycle progression. Selective laser ablation 
of these pacemaker cells compromised GBM network 
communication and cancer cell survival, highlighting 
their vital role and potential as a new drug target. Cor-
respondingly, pharmacological blockade of KCa3.1 with 
senicapoc, a drug deemed safe in phase IIb trials for 
sickle-cell anaemia and for COVID-19 [11, 12], reduced 
tumour growth and prolonged survival in animal models 
of GBM [10]. Furthermore, upregulation of the KCa3.1-
encoding gene KCNN4 has been linked to poor sur-
vival in patients with malignant gliomas and increased 
tumour invasion in vivo [13, 14]. These findings are con-
sistent across several systemic cancers, including breast, 
pancreatic, and prostate [15–18]. Moreover, selective 
KCa3.1 blockers have been shown to enhance antitumor 
effects in systemic cancers and gliomas in vivo and in 
vitro, further supporting the role of KCa3.1 in malignant 
disease progression [19–21]. Notably, a study demon-
strated improved survival of GL261-bearing mice when 
co-treated with the KCa3.1 antagonist TRAM-34 and 

tumour-volume changes. Exploratory analyses will characterise pharmacokinetics, tumour drug penetration, and 
molecular- genetic tumour profiles.

Discussion  SENIPERA introduces a dual network-targeting strategy that simultaneously addresses neuronal-
driven invasion and tumour network resilience in glioblastoma. By integrating senicapoc and perampanel with 
standard therapy in an early-phase, window-of-opportunity design, this study will establish the preliminary safety 
and pharmacological foundation for future trials evaluating safety and efficacy. The comprehensive translational 
analyses of tissue, cerebrospinal fluid, and blood will provide detailed insight into drug activity within the tumour 
microenvironment, informing the development of potential biologically guided treatment strategies for glioblastoma.

Trial registration  EU-CT: 2025–522605-37–00.
Trial sponsor.
Aarhus University Hospital.
Department of Neurosurgery, Palle Juul-Jensens Boulevard 165, J617.
Aarhus, Denmark.
Protocol version and date.
Version 1.0
November 26, 2025.

Keywords  Glioblastoma, Cancer neuroscience; window-of-opportunity trial, Phase 1, Senicapoc, Perampanel, 
Pacemaker cells
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TMZ, compared with either TRAM-34 or TMZ alone. 
The study further demonstrated reduced cell viability and 
decreased proliferation rates of patient-derived cancer 
stem cells following co-treatment with TRAM-34 and 
TMZ using in vitro models [22].

Senicapoc furthermore displays good blood–brain bar-
rier penetrance and an attractive tolerability profile. An 
ongoing phase IIa trial in the German Neuro-Oncological 
Working Group (NOA), the PerSurge trial, tests peram-
panel monotherapy in recurrent GBM [23]. In contrast, 
the combination with senicapoc and standard treatment 
has never been tested. As the biological mechanisms in 
question have been documented in xenograft models of 
newly diagnosed GBM (ndGBM) [8, 10], we aim to test 
the drugs in ndGBM patients, potentially with a higher 
benefit for patients with respect to tumour control, but 
potentially also associated with increased side effects. 
The compelling combination and patient tolerability of 
perampanel and senicapoc, targeting both the growth-
stimulating neuron-to-tumour interactions and the 
intrinsic mechanisms that render GBM highly resistant 
to current standard-of-care, give rise to the SENIPERA-
trial in ndGBM.

We hypothesise that simultaneous targeting of glio-
blastoma invasion and growth (via perampanel) and 
tumour resilience mechanisms (via senicapoc) represents 
a safe and biologically promising therapeutic strategy 

for ndGBM. The study aims to determine the safety and 
tolerability of each agent alone and in combination as 
add-on to standard therapy, characterise their pharma-
cokinetic profiles, and explore biological and clinical sig-
nals of therapeutic activity to inform subsequent phase 2 
evaluation.

Methods
Trial design
The SENIPERA trial is a two-stage, phase 0/1, prospec-
tive, open-label, single-centre, randomised clinical study 
with an exploratory window-of-opportunity design. A 
total of 27–36 adult patients with suspected ndGBM will 
be enrolled. The study consists of two consecutive stages:

Part A will include 9–18 patients and aims to 
determine the maximum tolerated dose (MTD) of 
senicapoc (Group 1).
Part B will commence once the senicapoc MTD has 
been established. 18 patients will be randomised 1:1 
to either receive perampanel monotherapy (Group 2) 
or the combination of perampanel with senicapoc at 
the MTD defined in Part A (Group 3).

In all arms, the investigational drugs will be administered 
in addition to standard-of-care therapy. A trial overview 
is depicted in Fig. 1.

Fig. 1  Trial Overview. A Patient enrolment first into Part A of the trial to determine maximum tolerable dose (MTD) of senicapoc. After MTD has been 
determined, patients are randomised 1:1 to receive either perampanel or perampanel + senicapoc in trial Part B. B, C Experimental treatment two weeks 
prior to surgery enables detailed on-target pharmacokinetics and tumour-cellular profiling of the resected tumour tissue. D Systemic drug distribution 
is assessed through blood and cerebrospinal fluid samples obtained during surgery and scheduled hospital visits. E Safety profile, tumour volume and 
objective RANO response, and patient survival are assessed continuously until disease progression. Created with BioRender.com
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Trial setting and duration
Patients will be enrolled and treated at the Department of 
Neurosurgery and Department of Oncology, Aarhus Uni-
versity Hospital, Denmark, between February 2026 and 
November 2028. Recruitment of 27–36 patients is antici-
pated to take approximately 24 months, while the exact 
number of included patients will depend on adverse 
events observed in the trial, in accordance with the modi-
fied 3 + 3 design of trial Part A. If a patient is excluded 
from the trial before the primary endpoint can be evalu-
ated, an additional patient is enrolled. Part A is expected 
to be completed within 18 months (Q3/2027) and within 
9 months for Part B (Q1/2028) (Fig. 2).

Eligibility criteria
Adult patients (minimum 18 years) with presumed GBM 
and planned neurosurgical tumour resection who fulfil 
all inclusion and no exclusion criteria will be eligible for 

trial enrolment. Eligibility criteria are identical in the tri-
al’s part A and part B.

Inclusion criteria

1.	 Presumed GBM as determined by an expert 
multidisciplinary neuro-oncological tumour board, 
including participants from neurosurgery, neuro-
oncology, neurology, and neuroradiology. The 
assessment should be based on a whole-brain MRI 
according to the consensus recommendations for 
a standardised brain tumour imaging protocol in 
clinical trials, should be no older than 4 weeks from 
the assessment.

2.	 Eligibility for surgical resection and planned 
postoperative concomitant radiochemotherapy 
and adjuvant chemotherapy according to the Stupp 
regimen.

Fig. 2  Patient Recruitment Timeline. A Overview of expected timeline for participant enrolment in trial Part A and Part B. B Part A is expected to be 
completed within 18 months. It is dependent on the occurrence of dose-limiting toxicities in senicapoc monotherapy. Part A will establish the maximal 
tolerable dose of senicapoc for trial Part B. C 18 patients will be randomised 1:1 to receive standard therapy in combination with either perampanel or 
perampanel plus senicapoc, starting at the maximal tolerable dose established in Part A. All patients are followed until End of Trial. Created with BioRen-
der.com
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3.	 Eligible for safe postponement of surgery for 14 days 
from enrolment.

4.	 Life expectancy > 3 months.
5.	 WHO Performance Status ≤ 2.
6.	 Ability to sign written informed consent form
7.	 Use of validated anti-conception for fertile female 

participants in concordance with guidelines provided 
by the Danish health and medicines authority.

Exclusion criteria

1.	 Pregnancy or nursing. Fertile female participants will 
be required to take a validated pregnancy test for 
evaluation of pregnancy.

2.	 Previous treatment with or allergic reaction to 
perampanel or senicapoc.

3.	 Contraindications for senicapoc or perampanel 
treatment.

4.	 Previous malignancy with completion of treatment 
within five years before inclusion, except for basal 
cell carcinoma.

5.	 Concomitant intake of enzyme-inducing 
antiepileptic drugs (carbamazepine, phenytoin, 
phenobarbital, or primidone).

6.	 Significant co-morbidities, i.e.

 	• Significant liver function impairment 
(ALAT > 210 µmol/L for men and > 135 µmol/L for 
women or total bilirubin > 25 µmol/L)

 	• Significant impairment of renal function 
(eGFR < 60 mL/min/1.73 m.2)

 	• Coagulopathy (INR > 1.8 or aPTT > 57 s)
 	• Thrombocytopenia (platelet count < 100 × 10.9/L)
 	• Neutropenia (absolute neutrophil 

count < 1.5 × 10.9/L)
 	• Anaemia (Hb < 6.0 mmol/L)
 	• Severe cognitive impairment

7.	 Active participant in another therapeutic 
interventional clinical trial.

8.	 Any condition that might affect the absorption, 
distribution, metabolism, or excretion of the trial 
drugs (including malabsorption states).

Interventions
Study interventions will commence immediately upon 
enrolment to allow controlled drug exposure before sur-
gery. Tumour resection and diagnostic biopsy will be 
performed within 14  days from inclusion, as mandated 
by Danish national cancer-care legislation, which fur-
ther requires treatment to be initiated within 30 days of 
first patient contact. This window-of-opportunity design 
enables assessment of pharmacodynamic and pharmaco-
kinetic effects directly in vivo in a pre-surgical setting.

Part A – senicapoc monotherapy
Dose escalation will follow a conventional 3 + 3 design 
to establish the maximum tolerated dose (MTD) of seni-
capoc monotherapy in Group 1, starting at the lowest 
dose level (DL 1) and proceeding stepwise according to 
observed dose-limiting toxicities (DLTs) (Fig.  3A). The 
MTD is defined as the highest dose level at which fewer 
than two of six patients experience a DLT during the first 
four weeks of treatment. Senicapoc will be administered 
orally twice daily from the day of inclusion (Days 1–2) 
and continued until 30 days after completion of radioche-
motherapy (approximately day 120–130) (Fig. 4.).

Part B – perampanel monotherapy and perampanel and 
senicapoc combination therapy
After the establishment of the senicapoc MTD in Part A, 
Part B will randomise 18 patients (1:1) to receive either 
perampanel monotherapy (Group 2) or combination 
therapy with perampanel in combination with senicapoc 
(Group 3). For perampanel, dose escalation will begin 
at 2 mg once daily at bedtime and increase by 2 mg per 
week up to a maximum of 10 mg/day, depending on indi-
vidual tolerability (Fig.  3B). The highest well-tolerated 
dose after four to six weeks will define the individual per-
ampanel MTD.

In Group 3, patients will receive senicapoc at the MTD 
defined in Part A, together with perampanel titrated as 
described above. If intolerable toxicity occurs, the dose 
will be reduced to the previously well-tolerated level. 
Therapy may be discontinued if the lowest dose (2  mg 
perampanel or DL −2 senicapoc) is not tolerated.

For perampanel, if side effects such as dizziness, drows-
iness, fatigue, nausea, confusion, irritability, gait insta-
bility, coordination, or mental changes occur after dose 
escalation, the dose will be reduced to the previously 
well-tolerated level. Senicapoc is generally well tolerated 
[24]; the most commonly observed events are mild gas-
trointestinal symptoms (e.g., diarrhea, nausea, constipa-
tion). No severe adverse events or anaphylactic reactions 
have been reported for senicapoc in the reviewed clinical 
trial data [11].

All patients will be monitored for an additional 30 days 
for treatment-related delayed toxicities. DLTs for both 
drugs are defined as adverse events graded ≥ 3 according 
to CTCAE version 5.0 or toxicities leading to treatment 
discontinuation that are definitely, probably, or possibly 
related to the investigational product. The investigators 
will perform dose adjustments and DLT management 
according to individual clinical assessment.

Standard therapy
All participants will receive standard-of-care neurosurgi-
cal and neuro-oncological treatment in accordance with 
the Danish Neuro-Oncology Group glioma guidelines 
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[25]. Patients will undergo fluorescein- or 5-ALA-guided 
maximal safe resection performed by trained neurosur-
geons. After surgery, all participants will receive concom-
itant radiochemotherapy following the Stupp regimen 

[26]: intensity-modulated radiotherapy (60 Gy in 30 frac-
tions over 6  weeks) with daily temozolomide (75  mg/
m2), followed by adjuvant temozolomide (150–200  mg/
m2 for 5  days every 28  days, for six cycles). Supportive 

Fig. 3  Dose Escalation Regimens. Panel A Dose-limiting toxicities are defined as all AEs coded using MedDRA ≥ Grade 3 according to the CTCAE v5.0 or 
intolerable toxicities that lead to the withdrawal of the patient from the trial that are definitely, probably, or possibly related to the administration of the 
investigational agents in combination with the SOC therapy or perampanel. DLTs only in the first 30 days from the start of therapy are used to guide dose 
de- or escalation. If ≤ 1 of 6 patients in a dose-cohort have developed DLT, this is the maximum tolerable dose (MTD). Limitation: The MTD is being used 
for the phase II part of this trial unless no relevant increase in cerebrospinal fluid concentration (defined as increase in average concentration by ≥ 10%) of 
senicapoc is achieved by the MTD in comparison to the next lower dose-cohort. In this case, the next lower dose is used to avoid an unnecessary burden 
of toxicities. Panel B Patients follow standard individual tolerance-dependent perampanel dose escalation of 2 mg per week up to a maximal 10 mg daily. 
Created with BioRender.com
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or palliative medication, including corticosteroids, is 
permitted as clinically indicated. Eligible patients may 
undergo repeated surgical resection upon disease pro-
gression. For such cases, tissue, blood, plasma, and 
cerebrospinal fluid (CSF) samples may be collected as 
described for the primary surgery to evaluate the biologi-
cal effects of long-term exposure to perampanel and/or 
senicapoc.

Outcomes
Primary endpoints
In Part A, the primary endpoint is the MTD of senicapoc 
during the first four weeks of treatment. In Part B, the 
primary endpoint is the proportion of patients in Groups 
2 and 3 who discontinue perampanel due to intolerability 
at the lowest daily dose (2 mg) within the first six weeks 
of treatment.

Secondary endpoints
The safety of the trial intervention will be assessed by the 
incidence, type, and severity of adverse events (AEs) and 
serious adverse events (SAEs) in each treatment group, 
graded according to Common Terminology Criteria 
for Adverse Events (CTCAE version 5.0). All AEs will 
be summarised by frequency, grade, and relationship to 
study medication from inclusion until 30 days after treat-
ment completion.

Overall survival (OS; time from randomisation to death 
from any cause) and progression-free survival (PFS; time 
from randomisation to disease progression per RANO 
2.0 criteria or death) [27] will be evaluated as second-
ary outcomes. Objective response rate (ORR; proportion 

of patients achieving a complete or partial response per 
RANO 2.0 criteria) will also be assessed. Tumour vol-
umes will be quantified from T2/FLAIR and contrast-
enhanced T1 MRI sequences, and absolute and relative 
changes will be evaluated longitudinally from baseline to 
follow-up MRIs.

Exploratory translational endpoints
Exploratory analyses will characterise pharmacokinetic, 
molecular, and biomarker responses to treatment. Serum 
concentrations of senicapoc and perampanel will be mea-
sured to estimate pharmacokinetic parameters and eval-
uate brain and CSF penetration by comparing drug levels 
in plasma, CSF, and tumour tissue. Molecular profiling 
of resected tumour tissue will assess treatment-related 
cellular and transcriptional changes, including subtype 
composition, differential gene expression, and pathway 
activation. Associations between molecular or epigen-
etic biomarkers and clinical outcomes will be explored, 
including O6-methylguanine-DNA methyltransferase 
(MGMT) promoter methylation, CHI3L1-based connec-
tivity scores [28], and neural epigenetic signatures [29].

Harms
AEs are defined as any untoward medical occurrence in 
a participant receiving study medication, whether con-
sidered related to the investigational product or not. AEs 
will be documented and graded according to CTCAE ver-
sion 5.0 [30]. This includes new symptoms, worsening of 
baseline neurological or physical findings, and clinically 
relevant abnormalities in vital signs, electrocardiography, 
or laboratory parameters. Each event will be evaluated by 

Fig. 4  Overview of trial drug exposure times and interventions. Created with BioRender.com
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the investigator for seriousness, severity, expectedness, 
and relationship to the study treatment. SAEs are defined 
as events resulting in death, being life-threatening, 
requiring or prolonging hospitalisation, causing persis-
tent or significant disability, or otherwise deemed medi-
cally important. SAEs will be reported to the sponsor 
within 24 h of site awareness and reviewed in accordance 
with Danish and European legislation. The investigator 
will assess the causality of each AE and the sponsor will 
review it, considering the temporal relationship to study 
drug administration, biological plausibility, and alterna-
tive explanations. Both investigator and sponsor assess-
ments will be documented, and in cases of disagreement 
the more conservative judgement will be used for regu-
latory reporting. The expectedness of adverse reactions 
will be determined against the Reference Safety Informa-
tion (RSI) in the Investigator’s Brochures, and Suspected 
Unexpected Serious Adverse Reactions (SUSARs) will be 
reported to the competent authorities. All AEs will be 
followed until resolution or stabilisation and summarised 
by frequency, grade, and attribution in the final analysis.

Participant timeline and schedule of assessments
Participants will be followed regularly throughout the 
interventional treatment and observation periods, in 
accordance with local clinical guidelines. Scheduled clini-
cal evaluations, laboratory tests, and MRI assessments 
are summarised in Fig. 4, illustrating the timing of enrol-
ment, investigational treatment, surgery, and follow-up 
procedures at the participant level. Exact details on tim-
ing is provided in Supplementary Table 1. The frequency 
or scope of follow-up may be adjusted at the discretion of 
the treating physician if clinically indicated, for example 
in cases of suspected disease progression or treatment-
related toxicity. The total duration of study participation 
is expected to be less than 12 months for most patients, 
based on the median PFS in ndGBM [31].

Sample size
This early-phase, exploratory study will enrol 27–36 
patients across three treatment groups. The sample size is 
based on feasibility and established principles for Phase 
0/1 studies, ensuring adequate assessment of DLTs, phar-
macokinetics, and preliminary efficacy. In Group 1 (trial 
part A), dose escalation will follow a modified 3 + 3 design 
to determine the MTD of senicapoc, defined as the high-
est dose level at which fewer than two of six patients 
experience a DLT. In Groups 2 and 3 (trial part B), toler-
ability of perampanel monotherapy and the senicapoc–
perampanel combination will be considered acceptable if 
fewer than three of nine patients discontinue treatment 
due to drug-related toxicity during the initial 6-week 
exposure period at the lowest perampanel dose (2 mg).

Randomisation and blinding
A senior statistician will generate the allocation sequence 
to assign patients to the two treatment groups (2 and 
3) without stratification. Randomization in Part B will 
be performed using the randomization module in the 
Research Electronic Data Capture (REDCap) platform. 
The randomization sequence will be provided to the 
REDCap administrator. All study data will be entered in 
the secure REDCap database with audit trails and role-
based access. No study personnel will have access to the 
allocation sequence, and as this is an open-label study, 
neither participants, investigators, nor outcome assessors 
will be blinded to treatment allocation.

Data collection and management
Tissue sampling and biological materials
The planned sampling of tumour tissue, blood, and CSF 
after drug exposure allows for characterisation of drug 
penetration and pharmacokinetics, and identification of 
early biological responses to treatment. While the prin-
cipal objective is to establish the safety and tolerability 
of senicapoc alone and in combination with perampanel, 
inclusion of a perampanel monotherapy arm also permits 
comparative analyses of clinical, radiological, and molec-
ular endpoints to explore potential additive or synergistic 
effects. Efficacy endpoints will serve as early indicators of 
therapeutic activity, informing the selection of treatment 
arms for subsequent phase 2 evaluation and enabling 
refinement of sample-size calculations for studies with 
definitive clinical efficacy endpoints. A schematic over-
view of the trial structure, timelines, and assessments is 
provided in Fig. 1.

Blood
Peripheral blood will be collected seven times during 
the study, primarily in connection with routine clini-
cal visits. Baseline haematology and clinical chemistry 
will be assessed at enrolment (Day 0) and again dur-
ing the loading phase (Days 1–3) for pharmacokinetic 
evaluation of trial drugs. Additional blood samples will 
be obtained at the time of surgery (approximately Day 
12–14), post-operatively (Days 14–16), at Week 6 (ini-
tiation of concomitant radiochemotherapy), at Week 12 
(completion of radiochemotherapy), and subsequently 
every three months during adjuvant temozolomide ther-
apy in conjunction with scheduled follow-up MRI visits. 
Blood samples will be used for pharmacokinetic analy-
ses, including measurement of serum concentrations of 
senicapoc and perampanel, and for translational stud-
ies investigating treatment-induced systemic changes. 
These analyses will both establish the germline genetic 
background (serving as a reference for distinguishing 
inherited from tumour-specific mutations) and assess 
tumour-derived alterations, including circulating tumour 
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cells (CTCs), fractions of cell-free DNA/RNA (cfDNA, 
cfRNA), and tumour-derived DNA/RNA (ctDNA, 
ctRNA). Additional analyses will include peripheral 
blood mononuclear cells (PBMCs), extracellular vesicles 
(EVs), and protein biomarkers.

Cerebrospinal fluid
Longitudinal CSF samples will be collected for pharma-
cokinetic and translational analyses. The first sample 
will be obtained intraoperatively (Days 12–14), either by 
lumbar puncture or via perioperative access to the sub-
arachnoid space. During surgery, all patients will have 
an Ommaya reservoir placed in a subgaleal pocket over 
the resection cavity to enable repeated, minimally inva-
sive CSF sampling. Subsequent samples will be collected 
post-operatively (Days 14–16), at Weeks 6 and 12, and 
every three months during adjuvant temozolomide ther-
apy, aligned with blood sampling and follow-up visits.

Tumour tissue
During neurosurgical resection, tumour tissue will be 
collected for diagnostic purposes and for pharmaco-
kinetic and translational analyses. Each sample will be 
obtained under neuronavigation guidance and anno-
tated, with specimens taken from both the tumour core 
and the peritumoural infiltration zone when deemed 
safe by the responsible neurosurgeon. The resected 
material will be used to determine intratumoural con-
centrations of the investigational drugs and to char-
acterise treatment-induced molecular changes using 
single-cell RNA sequencing to assess cellular heteroge-
neity, transcriptional responses, and potential resistance 
mechanisms. Additional analyses will include mass-
spectrometry-based protein profiling and digital spatial 
profiling to map protein and gene expression within the 
tumour microenvironment.

Strategies to improve study adherence
To enhance participant adherence to the intervention 
protocols, the following strategies will be implemented: 
Oral dosing will be simplified with clear, easy-to-follow 
instructions, and pre-packed pill organizers will be pro-
vided to facilitate medication management. Comprehen-
sive education about the trial, the medications, and the 
importance of adherence will be provided to participants 
and their caregivers at the start of the trial and upon 
request. Regular follow-up and communication will be 
maintained throughout the trial, and a dedicated contact 
person from the study team will be available to resolve 
any possible inquiries or issues.

Data monitoring committee and oversight
Safety data will be continuously reviewed by the inves-
tigators and the Data Safety Monitoring Committee 

(DSMC), which oversees participant safety and trial con-
duct throughout the study. The DSMC will consist of 
specialists in neuro-oncology, neurosurgery, and biosta-
tistics, as well as a patient representative, all independent 
of the sponsor and investigators. Its primary responsi-
bilities are to monitor accumulating safety data, includ-
ing DLTs and SAEs, and to advise on trial continuation, 
modification, or termination.

Only DSMC members will have access to interim safety 
data. The committee will meet after completion of each 
dose cohort in Part A, after enrolment of 50% of par-
ticipants in Part B, and as needed in response to safety 
concerns. Following each review, the DSMC will issue 
written recommendations to the Principal Investigator 
and the independent Trial Steering Committee (TSC). 
Overall trial governance is provided by the TSC, com-
posed of international clinical and scientific experts in 
neuro-oncology and neurosurgery, including represen-
tatives from Rigshospitalet (Denmark), Heidelberg Uni-
versity Hospital (Germany), and the University Medical 
Center Hamburg–Eppendorf (Germany), as well as the 
principal and co-investigators at Aarhus University Hos-
pital. The TSC oversees scientific integrity, ethical stan-
dards, and strategic trial conduct, and serves as the final 
decision-making body for protocol modifications or trial 
termination following DSMC recommendations.

Trial monitoring and termination
Monitoring of compliance with International Council 
for Harmonisation Good Clinical Practice (ICH-GCP) 
will be performed by the GCP Unit at Aarhus University. 
End-of-trial is defined as one year after the last patient in 
Part B completes treatment. The study may, however, be 
suspended or terminated earlier under the following cir-
cumstances. If more than one-third of participants in any 
treatment group experience drug-related serious adverse 
reactions (SARs), that group will be closed. If more than 
one-third of all enrolled participants across groups expe-
rience drug-related SARs, the trial will be temporar-
ily suspended for safety review by the DSMC. The trial 
may also be terminated if recruitment rates fall substan-
tially below projections, making it unlikely to achieve 
the planned sample size within a reasonable timeframe. 
Finally, termination may be considered if changes in the 
standard of care render the design obsolete or unethical, 
or if new safety information materially alters the risk–
benefit profile of the study drugs.

Statistical methods
Safety endpoints will be summarised descriptively. AE 
frequencies will be compared between groups using 
Fisher’s exact test. OS and PFS will be analysed using 
Kaplan–Meier methods, with log-rank comparisons. 
ORR will be reported with exact 95% confidence intervals 
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for each group. Longitudinal tumour-volume changes 
will be assessed using mixed-effects models to account 
for repeated measurements over time.

Given the exploratory nature of this phase 0/1 trial, all 
statistical tests will be two-sided with a significance level 
of 0.10, and no adjustment for multiple-testing will be 
performed. Results will be interpreted cautiously consid-
ering the multiple comparisons performed. Analyses will 
follow the intention-to-treat principle, with per-protocol 
analyses for sensitivity excluding patients with major 
protocol violations. Missing data will be handled accord-
ing to standard statistical practice. For time-to-event 
outcomes, patients lost to follow-up will be censored 
at the last known contact. For longitudinal endpoints, 
mixed-effects models will be applied, which are robust to 
missing data under the missing-at-random assumption. 
Multiple imputation will be used for other outcomes with 
missing values, and sensitivity analyses will assess the 
impact of missing data on study conclusions. No formal 
interim analyses for efficacy are planned due to the small 
sample size; however, continuous safety monitoring will 
be performed by the independent DSMC.

Patient and public involvement
Patients and the public were not involved in the design, 
conduct, or reporting of this trial.

Discussion
Glioblastoma remains one of the most treatment-resis-
tant human malignancies, with current multimodal 
therapy providing only a modest survival benefit. The 
SENIPERA trial addresses this urgent clinical need by 
translating novel insights into glioblastoma biology—
specifically the roles of excitatory neuron-to-tumour 
signalling and tumour-cell network resilience—into a 
mechanism-driven early-phase clinical trial. By selec-
tively inhibiting AMPA-receptors with perampanel and 
blocking KCa3.1 with senicapoc, the trial aims to dis-
rupt complementary mechanisms that drive invasion and 
treatment resistance in ndGBM.

The PerSurge trial investigates perampanel monother-
apy in recurrent GBM [23], while SENIPERA applies a 
similar network-targeting approach to newly diagnosed 
disease—the stage that most closely mirrors the patient-
derived xenograft models in which the underlying biol-
ogy was discovered [8, 10]. This window-of-opportunity 
design allows direct evaluation of drug exposure, phar-
macokinetics, and molecular effects in vivo without 
delaying standard therapy. The incorporation of paired 
tumour, cerebrospinal fluid, and blood sampling will gen-
erate a multidimensional dataset linking pharmacological 
parameters with cellular and transcriptional responses. 
These analyses may clarify how AMPA-receptor and 
KCa3.1 signalling influence tumour heterogeneity, 

treatment response, and resistance mechanisms in the 
primary tumour.

Beyond its translational value, SENIPERA is designed 
to define safety and tolerability parameters essential 
for advancing both drugs into later-phase clinical test-
ing. Because senicapoc and perampanel are repurposed 
agents with established safety in non-oncological indi-
cations, the trial combines scientific innovation with 
a favourable risk–benefit profile. Its two-stage struc-
ture, incorporating dose escalation and randomisation, 
ensures rigorous and safe assessment of toxicity, pharma-
cokinetics, and early efficacy signals within a controlled, 
ethically sound framework.

Furthermore, future studies may consider stratifying 
participants by MGMT-promoter methylation status 
or focusing on MGMT-unmethylated GBM, given that 
TMZ offers limited benefit in these patients and the need 
for alternative therapeutic strategies is particularly press-
ing [1].

If successful, SENIPERA will establish the foundation 
for a future phase 2 trial exploring combined network-
targeting therapy in glioblastoma. The study may also 
yield new biomarkers for treatment response and patient 
stratification, guiding more individualised therapeutic 
strategies. By bridging mechanistic neuroscience and 
clinical neuro-oncology, the SENIPERA trial represents 
an important step toward biologically informed, multi-
modal therapy for this devastating disease.
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