
1Truusalu JP, et al. BMJ Open 2025;15:e106094. doi:10.1136/bmjopen-2025-106094

Open access�

LSTA1-GBM-2A: study protocol for an 
exploratory phase 2a randomised 
controlled trial evaluating tumour-
homing peptide certepetide with 
temozolomide in 
glioblastoma multiforme

Johannes Pärtel Truusalu   ,1,2 Kersti Oselin,3 Jana Lass,1,2 Kristen K Buck   ,4 
William Sietsema   ,4 Hiie Soeorg,2,5 Kadri Toome,1 Katrin Kaarna,1,2 
Tambet Teesalu,2,6 Lenne-Triin Kõrgvee1,2

To cite: Truusalu JP, Oselin K, 
Lass J, et al. LSTA1-GBM-2A: 
study protocol for an exploratory 
phase 2a randomised controlled 
trial evaluating tumour-homing 
peptide certepetide with 
temozolomide in glioblastoma 
multiforme. BMJ Open 
2025;15:e106094. doi:10.1136/
bmjopen-2025-106094

	► Prepublication history 
and additional supplemental 
material for this paper are 
available online. To view these 
files, please visit the journal 
online (https://doi.org/10.1136/​
bmjopen-2025-106094).

Received 04 June 2025
Accepted 15 October 2025

For numbered affiliations see 
end of article.

Correspondence to
Dr Johannes Pärtel Truusalu;  
​johannes.​partel.​truusalu@​ut.​ee

Protocol

© Author(s) (or their 
employer(s)) 2025. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published by 
BMJ Group.

ABSTRACT
Introduction  Glioblastoma multiforme (GBM) is an 
aggressive primary brain tumour associated with a poor 
prognosis despite standard-of-care treatment, including 
surgical resection, radiotherapy and temozolomide (TMZ) 
chemotherapy. Certepetide (also known as LSTA1, CEND-1) is 
an investigational tumour-penetrating peptide that facilitates 
the extravascular delivery and intratumoural penetration of 
co-administered immune/chemotherapeutics; however, it has 
not yet been evaluated in clinical trials for the treatment of 
intracranial malignancies.
Methods and analysis  LSTA1-GBM-2A is an exploratory 
phase 2a, double-blind, placebo-controlled, randomised, 
proof-of-concept investigator-initiated trial assessing the 
safety, tolerability and preliminary efficacy of certepetide in 
combination with standard-of-care TMZ, compared with TMZ 
with a matching placebo, in subjects with newly diagnosed 
GBM.
The trial is funded by Lisata Therapeutics, sponsored by Tartu 
University Hospital and conducted at hospitals in Estonia and 
Latvia. Subjects are randomised in a 2:1 ratio. Following initial 
surgery and radiotherapy with concurrent TMZ, the subjects 
receive intravenous certepetide or placebo alongside six cycles 
of adjuvant TMZ treatment. The primary endpoint is overall 
survival. The target number of subjects is 30. The first subject 
was recruited in January 2024, and accrual is ongoing.
Ethics and dissemination  This study was approved by the 
Republic of Estonia State Agency of Medicines (17 October 
2023) and the State Agency of Medicines of the Republic 
of Latvia (1 February 2024). The results of this study will be 
published in peer-reviewed journals and reported at academic 
conferences.
Trial registration number  2023-506813-23-00.

INTRODUCTION
Glioblastoma multiforme
Glioblastoma multiforme (GBM) is the most 
frequent malignant primary brain tumour 
in adults. Its incidence is approximately 3 

per 100 000 people per year without major 
regional variation. GBM represents approxi-
mately 15% of all brain tumours and accounts 
for 50% of gliomas.1

The diagnosis of GBM is currently based 
on imaging techniques, histology and molec-
ular–genetic profiling of tumour tissue.2 
According to the fifth edition of the WHO 
Classification of Tumours of the Central 
Nervous System, isocitrate dehydrogenase 
(IDH)-wildtype glioblastoma lacks mutations 
in the IDH1, IDH2 and H3 genes.3 GBM, 
IDH-wildtype should be diagnosed in the 
setting of an IDH-wildtype diffuse and astro-
cytic glioma in adults if there is microvascular 
proliferation, necrosis, telomerase reverse 
transcriptase (TERT) promoter mutation, 
epidermal growth factor receptor (EGFR) 
gene amplification, or +7/–10 chromosome 
copy number changes.3

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ LSTA1-GBM-2A is a phase 2a, double-blind, 
placebo-controlled, randomised, proof-of-concept 
trial being conducted in Estonia and Latvia.

	⇒ The trial design includes a safety lead-in phase and 
randomisation stratified by O6-methylguanine-DNA 
methyltransferase (MGMT) promoter hypermethyla-
tion status.

	⇒ Disease progression is assessed by two blind-
ed radiologists according to modified Response 
Assessment in Neuro-Oncology criteria.

	⇒ Given the exploratory nature of the trial, the small 
sample size limits the interpretability of efficacy 
outcomes.
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The current standard of care for GBM consists of 
maximal safe surgical resection followed by concurrent 
chemoradiotherapy and maintenance chemotherapy 
with temozolomide (TMZ). Despite this multimodal 
approach, the median overall survival (mOS) remains 
approximately 15 months,4 5 and the 5-year survival rate 
is less than 5%.6 GBM is highly resistant to existing ther-
apies and is characterised by a high rate of recurrence. 
Given the dismal prognosis, the development of novel 
treatments is of utmost importance.

Temozolomide
TMZ has been widely used as the standard chemotherapy 
for newly diagnosed GBM7 since the landmark publica-
tion by Stupp and colleagues demonstrated that the addi-
tion of TMZ chemotherapy to radiation led to a 2-month 
increase in mOS,4 5 which is one of the most significant 
enhancements in GBM survival achieved by a novel 
chemotherapeutic drug to date.

In accordance with the European Medicines Agency 
authorisation8 TMZ is indicated for adult patients with 
newly diagnosed GBM in combination with focal radio-
therapy (concomitant phase) followed by up to six cycles 
of TMZ monotherapy (monotherapy phase).

Although TMZ is widely used in clinical practice, the 
pharmacogenomic characteristics of its pharmacokinetics 
and pharmacodynamics in patients with GBM have not 
been definitively elucidated. Genetic polymorphisms 
involving the O6-methylguanine-DNA methyltransferase 
(MGMT), mismatch repair (MMR), base excision repair 
(BER), homologous recombination repair/nonhomol-
ogous end-joining (HRR/NHEJ), ATP binding cassette 
subfamily B member 1 (ABCB1) and acid phosphatase 
7 (ACP7) genes may affect the therapeutic effect of 
TMZ.9–11

Certepetide
Certepetide, an internalising RGD (arginylglycylaspartic 
acid or iRGD), cyclic peptide, is an investigational drug 
developed for use with other cancer therapeutics for the 
treatment of patients with solid tumours. Certepetide 
(also known as CEND-1 or LSTA1) was originally devel-
oped by CEND Therapeutics. In September 2022, CEND 
Therapeutics merged with Caladrius Biosciences to form 
Lisata Therapeutics.

Certepetide is a disulphide-bridged cyclic peptide 
(sequence CRGDKGPDC) that homes to and penetrates 
a variety of solid tumours. Its tumour specificity is medi-
ated by a three-step mechanism involving two classes of 
cell surface receptors and a tumour-derived protease, 
which together trigger an endocytic uptake pathway that 
enhances intratumoural accumulation of co-adminis-
tered and conjugated anticancer therapeutics.12 13

Mechanistically, the integrin-binding RGD motif of 
certepetide first binds to αvβ3 and αvβ5 integrins on 
tumour endothelium and tumour cells.14 These inte-
grins are upregulated in tumours but not in normal 
tissues,14 enabling the peptide to accumulate specifically 

in tumour vessels and stroma. The second step involves 
proteolytic cleavage after the second basic (K) residue, 
producing a truncated peptide (CRGDK) that exposes a 
C-terminal CendR motif (R/KXXR/K). This motif binds 
neuropilin-1 (NRP-1), a multiligand cell surface receptor 
involved in vascular and neurobiology, ligand uptake 
and tumour progression.15 Binding of CRGDK to NRP-1 
activates the CendR endocytic pathway, which enhances 
tumour delivery of conjugated and co-administered 
payloads.13 15 16 Both αvβ3/αvβ5 integrins and NRP-1 are 
overexpressed in GBM, making the CendR pathway a 
promising route for targeted delivery in GBM therapy.17 18 
The CendR endocytic vesicles can accommodate payloads 
ranging from small molecules to nanoparticles. Remark-
ably, the CendR system can transport payloads co-ad-
ministered with certepetide even when they are not 
chemically conjugated to it.12 19–21 This co-administration 
mode offers a significant advantage by eliminating the 
need for chemical modification of anticancer drugs to 
enable deep tumour penetration. Consequently, the effi-
cacy of any approved anticancer drug could be improved 
with certepetide without creating new chemical entities. 
Moreover, unlike conventional targeting strategies, the 
drug-carrying capacity of this co-administration approach 
is not limited by the number or availability of receptors 
for the homing peptide.22

Preclinical in vivo studies using certepetide in mouse 
tumour models, including human tumour xenografts, 
have demonstrated strong tumour homing activity and 
improved survival.12 13 21 23–29

Clinical trials
Two clinical trials on the effects of certepetide in advanced 
solid tumours have been completed to date. Several clin-
ical trials have published preliminary data.

The CEND1-001 study was a phase 1b/2a open label, 
multicentre, dose escalation, safety, pharmacokinetic, 
pharmacodynamic and efficacy study of certepetide, 
administered alone and in combination with nab-
paclitaxel and gemcitabine in 31 patients with metastatic 
pancreatic ductal adenocarcinoma.30 The trial’s safety 
and preliminary efficacy results were promising. No 
certepetide dose-limiting toxicities were observed in the 
safety population, the objective response rate (ORR) was 
59%, and the mOS was 13.2 months versus 8.5 months 
historical control standard of care nab-paclitaxel and 
gemcitabine data. Certepetide injection (CEND1-201) 
in patients with advanced metastatic pancreatic ductal 
adenocarcinoma is a phase 1b/2a clinical trial that was 
conducted in China.31 The results revealed an acceptable 
safety profile of certepetide combined with gemcitabine 
and locally produced nab-paclitaxel in patients with meta-
static pancreatic ductal adenocarcinoma. Compared with 
historical standard of care data, the subjects included in 
the trial had an improved ORR of 42.9% versus 23% and 
an mOS of 11.1 months versus 8.5 months.

A safety and early efficacy study of certepetide in combi-
nation with durvalumab, gemcitabine and nab-paclitaxel, 
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as first-line treatment in locally advanced pancreatic ductal 
adenocarcinoma (iLSTA) is a phase 1 trial conducted in 
Australia, which has provisional results available, demon-
strating both tolerability and efficacy.32

The ASCEND study: gemcitabine and nab-paclitaxel 
with certepetide or placebo in patients with untreated 
metastatic pancreatic ductal adenocarcinoma (ASCEND) 
is a phase 2 trial being conducted in Australia and New 
Zealand.33 The preliminary data from the first cohort 
showed safety and a possible signal of benefit for efficacy. 
The patients receiving certepetide in combination with 
gemcitabine and nab-paclitaxel had an mOS of 12.42 
months, whereas the group only receiving standard-of-
care gemcitabine and nab-paclitaxel had an mOS of 9.72 
months. In a sample of 95 patients, 4 complete responses 
were observed in the certepetide group, whereas 0 were 
observed in the standard-of-care group.

The safety data for certepetide suggest a favourable 
benefit–risk profile. The absence of any certepetide-
related serious adverse events (SAEs) when administered 
as monotherapy and the low frequency of SAEs in combi-
nation with chemotherapy support the continued evalua-
tion of this investigational drug.

METHODS AND ANALYSIS
Study design
LSTA1-GBM-2A is an exploratory phase 2a, double-
blind, placebo-controlled, randomised, proof-of-concept 
investigator-initiated trial assessing the safety, tolerability 
and preliminary efficacy of certepetide in combination 
with standard-of-care TMZ, compared with TMZ with a 
matching placebo, in subjects with newly diagnosed GBM.

The trial consists of a safety lead-in phase involving the 
first three subjects followed by a randomised phase with 
the subsequent 27 subjects.

The safety lead-in phase
As a safety precaution, since certepetide had never been 
administered to subjects with intracranial malignancy, the 
first three subjects were not randomised. After success-
fully completing screening, the three subjects received 
certepetide on days 1–3 (run-in) to assess the safety of 
certepetide without concomitant administration of TMZ, 
and after 7 days, they received TMZ with certepetide on 
days 1 and 2 of the first two treatment cycles. TMZ mono-
therapy was administered on days 3–5 of cycles 1 and 2 
and on days 1–5 for cycles 3–6 (figure 1).

After three subjects completed two treatment cycles, the 
data were evaluated based on predefined safety criteria:

	► No treatment-related deaths (Common Terminology 
Criteria for Adverse Events (CTCAE) Grade 5)34

	► No treatment-related life-threatening toxicities 
(CTCAE Grade 4)

	► Fewer than three of the subjects develop a dose-
limiting toxicity (DLT) requiring TMZ dose reduction.

If two of the subjects were to have developed a DLT 
(eg, DLT-qualifying CTCAE Grade 3 or higher adverse 
events) requiring TMZ dose reduction, the study would 
have proceeded but safety would have been reviewed 
after six subjects had been randomised and completed 
cycle 1.

At the time of writing this article, the safety lead-in 
phase was successfully completed. The predefined safety 
criteria were met, and the study continued without modi-
fication with the subsequent subjects being randomised 
to the main treatment arms.

The subjects participating in the safety lead-in were 
offered to continue participating in the trial according 
to the main study schema for the remaining treatment 
cycles.

The main study phase
The main study phase consists of a screening period, a 
run-in period, a treatment period, an end-of-treatment 
follow-up visit and a long-term follow-up period (figure 2).

Subjects who provide informed consent are screened 
for eligibility within 28 days prior to beginning the study 
treatment run-in phase. Once eligibility is confirmed, 
the subjects are randomised 2:1 to one of the two treat-
ment groups (ie, TMZ+certepetide vs TMZ+matching 
certepetide-placebo).

During the 3 day run-in, subjects receive certepetide or 
matching placebo components of their randomised treat-
ment regimen to assess the safety of certepetide/placebo; 
they do not receive TMZ. Cycle 1 of treatment commences 
7 days after the start of the run-in. The subjects receive six 
cycles of treatment.

During treatment, study visits are scheduled every 
4 weeks.

Radiological tumour assessments with gadolinium-
enhanced MRI are regularly performed. Patient-reported 
outcomes are deployed. Laboratory evaluations are 
performed prior to treatment initiation and at 2-week 
intervals during treatment.

Figure 1  Safety lead-in schema. GBM, glioblastoma multiforme; TMZ, temozolomide.
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Ongoing safety, survival and subsequent anticancer 
therapies are assessed during long-term follow-up.

This trial is reported according to the SPIRIT (Stan-
dard Protocol Items: Recommendations for Interven-
tional Trials)35 checklist (online supplemental file 1).

Participating sites
Recruitment is ongoing at Tartu University Hospital, 
Estonia, North Estonian Medical Centre, Estonia and 
Riga East University Hospital, Latvia.

Estimated trial duration
Due to slower-than-expected subject accrual, the trial is 
planned to finish recruitment in 2026. The end of the 
study will occur when all of the subjects have completed 
24 months of survival follow-up, died, withdrawn consent 
or been lost to follow-up, whichever occurs first, or when 
the study is terminated.

Inclusion criteria
Subjects who meet all the following criteria are eligible 
for this study:
1.	 Subjects must be ≥18 and < 81 years of age at time of 

screening and provide a written informed consent.
2.	 Subjects must have newly diagnosed and histological-

ly confirmed intracranial GBM according to the 2021 
WHO classification.

3.	 Subjects must have undergone primary surgical re-
section for GBM followed by the initial standard 
radiotherapy regimen (54–60 Gy/30 fractions) in 
combination with TMZ for 6 weeks.

4.	 Subjects must have sufficient time for recovery from 
prior surgery (at least 4 weeks).

5.	 Subjects must be able to undergo serial MRIs (CT 
may not be a substitute for MRI).

6.	 Eastern Cooperative Oncology Group performance 
status of 0, 1 or 2.

7.	 Life expectancy ≥3 months, as determined by the 
investigator.

8.	 Patients may have, or continue to receive corticoste-
roids, but she/he must be on a stable or decreasing 
dose for at least 14 days prior to randomisation (first 
dose of study drug for safety lead-in patients).

9.	 Subjects must have adequate organ and marrow func-
tion as defined by the following laboratory values 
obtained within 14 days prior to randomisation (first 
dose of study drug for safety lead-in patients):

a.	 Platelets≥100×109/L (>100 000 per mm3).

b.	White blood cell count≥3×109/L.
c.	 Absolute neutrophil count≥1.5×109/L (1500 cells/

mm3).
d.	Serum albumin≥25 g/L.
e.	 ALT and AST≤2.5 × upper limit normal (ULN).
f.	 Bilirubin≤1.5 × ULN.
g.	 Haemoglobin≥90 g/L. Patients may be transfused 

to meet this criterion.
h.	International normalised ratio<1.5 (for patients not 

receiving therapeutic anticoagulation).
i.	 Serum creatinine≤1.5 × ULN or creatinine clear-

ance ≥30 mL/min (if calculated using the Cockcroft-
Gault formula below:)

i.	 Female creatinine clearance = (140 − age in 
years) × weight in kg × 0.85/72 × serum creati-
nine in mg/dL.

ii.	 Male creatinine clearance = (140 − age in 
years) × weight in kg × 1.00/72 × serum creati-
nine in mg/dL.

10.	 Adequate respiratory and cardiac function (partial 
pressure of oxygen in arterial blood ≥60 mmHg or ox-
ygen saturation ≥92% on room air, and 12-lead ECG 
with normal tracing or clinically insignificant chang-
es that do not require medical intervention).

11.	 Adequate contraception:
a.	 All female patients will be considered to be women 

of childbearing potential (WOCBP) unless they are 
postmenopausal. A postmenopausal state is defined 
as no menses for 12 months without an alternative 
medical cause or surgical sterilisation. Permanent 
sterilisation methods include hysterectomy, bilat-
eral salpingectomy and bilateral oophorectomy. 
WOCBP must agree to use a highly effective contra-
ceptive measure to avoid pregnancy starting from 
recruitment and for at least 6 months following the 
last administration of the study drug. Highly effec-
tive birth control methods include combined hor-
monal contraception (oral, intravaginal, transder-
mal), progestogen-only hormonal contraception 
(oral, injectable, implantable), an intrauterine de-
vice, an intrauterine hormone-releasing system, bi-
lateral tubal occlusion, a vasectomised partner and 
sexual abstinence. WOCBP must also agree to not 
donate ova/oocytes or freeze/store them for their 
own use for the purpose of reproduction during the 
treatment phase and 6 months after the last dose of 
study intervention.

Figure 2  Main study schema. GBM, glioblastoma multiforme; R, randomisation; TMZ, temozolomide.

https://dx.doi.org/10.1136/bmjopen-2025-106094
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b.	Male patients and their female partners, who are 
WOCBP and are not practising total abstinence, 
must agree to condoms during the study and for a 
period of 3 months following the last administration 
of the study drug. A male participant must agree not 
to donate sperm for the purpose of reproduction 
during the study and for a minimum of 3 months 
after receiving the last dose of study intervention.

In the substantially amended protocol V.1.4 (protocol 
date dated 1 October 2024), the upper limit for age in 
the inclusion criteria was increased from <76 to < 81 years, 
and the screening duration was increased from 14 days to 
28 days to improve recruitment.

Exclusion criteria
A subject who meets any of the following criteria will be 
excluded from the study:
1.	 Besides initial TMZ therapy, patients with prior cyto-

toxic or non-cytotoxic drug therapy or experimental 
drug therapy including chemotherapy, hormonal 
therapy or immunotherapy for the brain tumour.

2.	 Patients who received prior Gliadel wafers.
3.	 Patients with concurrent stereotactic radiosurgery or 

brachytherapy.
4.	 Patients with extracranial metastatic disease.
5.	 Patients with leptomeningeal dissemination.
6.	 Progression of GBM during or after the standard-of-

care radiotherapy and TMZ 6-week regimen.
7.	 Subject has evidence of acute intracranial or intratu-

moural haemorrhage >Grade 1 by MRI. Subjects with 
resolving haemorrhage changes, punctate haemor-
rhage or hemosiderin may enter the study.

8.	 Any condition or comorbidity that, in the opinion of 
the investigator, would interfere with evaluation of 
study treatment or interpretation of patient safety or 
study results, including but not limited to:
a.	 Any major surgery within 4 weeks of baseline.
b.	 History of interstitial lung disease.
c.	 Known acute or chronic pancreatitis.
d.	 Active infection, including tuberculosis (TB). 

Clinical evaluation includes clinical history, phys-
ical examination and radiographic findings and 
TB testing in line with local practice, hepatitis B vi-
rus (known positive HBV surface antigen (HBsAg) 
result), and hepatitis C. Patients with a past or re-
solved HBV infection (defined as the presence of 
hepatitis B core antibody and absence of HBsAg) 
are eligible. Patients positive for hepatitis C virus 
(HCV) antibody are eligible only if PCR is nega-
tive for HCV RNA.

e.	 HIV infection.
f.	 Any other active infection (viral, fungal or bacteri-

al) requiring systemic therapy.
g.	 History of allogeneic tissue/solid organ trans-

plant.
h.	 Diagnosis of immunodeficiency.
i.	 Has another diagnosis of cancer malignancy (ex-

cept surgically excised non-melanoma skin cancer 

or carcinoma in situ of the cervix, or treated early-
stage prostate cancer, or a malignancy diagnosed 
≥5 years previously with no current evidence of 
disease and no therapy within 2 years prior to en-
rolment in this study).

j.	 Clinically significant or symptomatic cardiovascu-
lar/cerebrovascular disease (including myocardial 
infarction, unstable angina, symptomatic conges-
tive heart failure, serious uncontrolled cardiac ar-
rhythmia) within 6 months before enrolment.

k.	 Is pregnant or breastfeeding or planning to be-
come pregnant.

9.	 Participation in another interventional clinical study 
within the last 1 year.

10.	 Patient has known hypersensitivity to TMZ or com-
pounds with similar chemical composition to TMZ.

11.	 Patient with any significant history of non-compliance 
with medical regimens or with inability to grant reli-
able informed consent.

12.	 Patient who has been incarcerated or involuntarily 
institutionalised by court order or by the authorities.

Concomitant therapy
Patients should receive full supportive and palliative care 
(eg, pain control) as clinically indicated during the trial 
(including transfusion of blood products and analgesics) 
when appropriate.

Not-permitted medications:
1.	 Growth factors for neutropenia should not be used 

within 24 hours of planned TMZ administration.
2.	 Erythropoietin may not be used.
3.	 Other investigational drugs.

Surgical procedures for tumour debulking, other types 
of chemotherapy, immunotherapy or biological therapy 
must not be used. Further, additional stereotactic boost 
radiotherapy is not allowed. If any of these treatments 
are required, the patient will have to come off protocol 
therapy.

Recruitment
The subjects are recruited by investigators at the study 
sites.

Screening
Screening information, including clinical evaluation, 
laboratory assessments, tumour biomarkers, imaging, 
archival tumour tissue if available and pregnancy test 
for potential subjects is recorded in the electronic case 
report form, including reasons for ineligibility.

Randomisation
In the main phase of the trial after completing the safety 
lead-in phase, once eligibility is confirmed, subjects are 
randomised 2:1 to one of the two treatment groups (ie, 
TMZ+certepetide vs TMZ+matching certepetide-placebo) 
via block randomisation. The randomisation is strati-
fied by MGMT promoter hypermethylation status. Sepa-
rate lists of blocks of 3 were generated for each stratum 
(hypermethylated vs not hypermethylated) prior to the 
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start of the study using the electronic sealed envelope 
system.36 Subjects included in the trial are assigned the 
group (certepetide or placebo) in the order of their 
inclusion in the study according to the appropriate list 
(hypermethylated vs not hypermethylated).

Blinding
LSTA1-GBM-2A is a double-blind study.

The treatment codes are available to an assigned 
unblinded pharmacist, who is involved in preparing the 
study drug for administration.

Drug administration
The two treatment arms of the main phase of the trial:

Treatment group 1: certepetide 3.2 mg/kg in combina-
tion with TMZ 150 or 200 mg/m2 (orally) on days 1, 2, 3, 
4 and 5 every 28 (+0…7) days for six cycles.

Treatment group 2: matching certepetide placebo 
in combination with TMZ 150 mg/m2 (or 200 mg/m2) 
(orally) on days 1, 2, 3, 4 and 5 every 28 (+0…7) days for 
six cycles.

Sequence of administration: TMZ is administered 
orally at a dose of 150 mg/m2 in cycles 1 and 2 and 150 
or 200 mg/m2 in cycles 3–6, depending on tolerability. 
Immediately following TMZ administration, certepetide 
(3.2 mg/kg) or a matching certepetide placebo will be 
administered.

Dose modifications of TMZ are allowed to manage 
toxicity. Every effort should be made to provide maximal 
supportive therapy prior to implementing a dose reduc-
tion. The dose of certepetide will not be adjusted.

Study visits and assessments
Study visits and assessments are provided in table 1.

Tumour imaging
Progression, as per the modified Response Assessment in 
Neuro-Oncology criteria,37 is assessed independently by 
two blinded radiologists in the study site country. If assess-
ments differ, MRI studies will be reviewed in a multidisci-
plinary tumour board meeting.

To differentiate pseudoprogression from true disease 
progression, the initial imaging demonstrating glio-
blastoma progression will be designated as ‘preliminary 
progressive disease’, with study treatment continuing 
until a confirmatory scan is performed 4–8 weeks later.

When progression is confirmed by two radiologists, 
the patient will stop receiving study treatment and the 
patient’s further treatment will be discussed at a multi-
disciplinary tumour board meeting. Radiological tumour 
assessments are performed every 8 weeks (±7 days) for 
the first 24 weeks after randomisation, and every 12 weeks 
thereafter or when clinically indicated for up to 2 years 
after randomisation (first dose of study drug for safety 
lead-in subjects, who were not randomised). Tumour 
assessments will not be performed after confirmed disease 
progression or if a new anticancer therapy is commenced.

End of follow-up
A subject’s participation in the study follow-up will end 
for any of the following reasons: the subject is known to 
have died, consent is withdrawn for any further contact 
with study personnel, sponsor/Independent Ethics 
Committee/Regulatory Authority termination or suspen-
sion of the study, and the subject is lost to follow-up. 
Follow-up is capped at 2 years after the last patient is 
randomised.

Data collection and data management
An electronic data capture system is used for data collec-
tion and query handling. Case report forms, including 
data validation checks and change confirmations, were 
created in Research Electronic Data Capture (REDCap) 
prior to the start of the study.

Monitoring and safety
On-site monitoring and central monitoring are conducted 
by the Clinical Research Centre of Tartu University 
Hospital, Estonia. Data management is conducted by the 
sponsor, according to the study-specific Data Manage-
ment Plan.

In accordance with the European Medicines Agency 
guidelines, an independent Data Safety Monitoring 
Board (DSMB) was installed. The DSMB conducted an 
interim assessment of the non-randomised safety lead-in 
cohort and will continue ongoing data monitoring to 
ensure participant safety throughout the trial.

Primary efficacy objective and endpoint
The primary efficacy objective is to determine the effect 
of certepetide in combination with TMZ on survival rela-
tive to matching certepetide placebo in combination with 
TMZ in patients with newly diagnosed GBM. The corre-
sponding endpoint is OS, which is defined as median 
time from randomisation until death due to any cause.

Secondary efficacy objectives and endpoints
Progression-free survival (PFS) and duration of response 
(DoR) will be assessed as secondary endpoints of primary 
interest. We will also assess 6-month PFS and 12-month 
PFS.

To determine the effect of certepetide on mile-
stone survival endpoints, we use 12-month survival and 
24-month survival as endpoints.

To determine the effect of certepetide on the response 
rate, we will assess the ORR and disease control rate 
(DCR).

Quality of life assessments (European Organisation for 
Research and Treatment of Cancer Quality of Life Ques-
tionnaire Core 30) will be used to determine any impact 
of certepetide in combination with TMZ on quality-of-life 
measures.

Safety endpoints
The incidence and severity of AEs are classified by CTCAE 
guidelines34 and recorded. The frequency of Grade≥3 
treatment-related AEs, the frequency of treatment-related 
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SAEs and the frequency of AEs of special interest will be 
used as endpoints.

The mean TMZ dose delivered per cycle, the mean 
TMZ dose over three cycles and over six cycles and the 
mean number of TMZ dose modifications (ie, dose delays, 
interruptions and discontinuations per cycle) will be used 
as endpoints to evaluate the impact on TMZ dose when 
administered in combination with certepetide.

Exploratory endpoints
Plasma samples will be collected and pharmacokinetic 
analysis of certepetide and TMZ will be conducted to 
characterise the pharmacokinetics of both drugs when 
administered in combination.

An exploratory pharmacogenetic analysis will be 
conducted to evaluate the possible associations of 
genomic polymorphisms with TMZ blood concentrations 
in GBM subjects receiving TMZ in combination with 
certepetide or placebo.

Circulating tumour DNA will be collected at specified 
time points and correlated with clinical outcomes.

Where available, exploratory tissue biomarkers will be 
evaluated from pretreatment archival tissue.

Statistical analyses
Descriptive statistics will be used to summarise the effi-
cacy, safety and pharmacokinetic data from this study and 
with hypothesis testing performed for the primary and 
other selected efficacy endpoints.

For primary efficacy analysis, Kaplan-Meier survival 
curves will be constructed. Survival curves will be 
compared with the log-rank test. Treatment group 
median survival time will be estimated and compared 
with that of the placebo group by estimating the ratio of 
the estimated median survival time and its 95% CI. Cox 
regression analysis will be used to estimate HR.

12-month survival rates, 24-month survival rates, ORR 
and DCR will be compared across treatment groups using 
Fisher’s exact test. Treatment group PFS and DoR will 
be compared with those in the placebo group with log-
rank tests. Cox regression analysis will be used to estimate 
HR. Median PFS and DoR times will be estimated and 
compared with those in the placebo group by estimating 
the ratio of the estimated median survival time and its 
95% CI.

Any statistical tests performed will be two-sided with an 
alpha level of 0.05. All analyses will be subject to formal 
verification procedures. Specifically, results will be veri-
fied using independent programming prior to the issu-
ance of the draft statistical report. All documents will be 
verified by the lead statistician to ensure accuracy and 
consistency of analyses.

The efficacy analysis set will include all subjects 
randomised to study drug treatment group who received 
any amount of the study drug and completed a post-
treatment tumour assessment and/or discontinued due 
to documented clinical progression. Subjects part of the 

safety lead-in will not be included in the efficacy analysis 
set.

All subjects who receive any amount of study drug will 
be included in the final summaries and listings of safety 
data.

Detailed information collected for each AE will include 
description of the event, duration, whether the AE was 
serious, intensity, relationship to study drug, action taken 
and clinical outcome. Intensity (severity) of the AEs will 
be graded according to the CTCAE.

A summary table will present the number of subjects 
observed with AEs and corresponding percentages. The 
denominator used to calculate incidence percentages 
consists of subjects receiving any amount of the study 
drug. Within each table, the AEs will be categorised by 
MedDRA (Medical Dictionary for Regulatory Activities) 
body system and preferred term. Additional subcatego-
ries will be based on event intensity and relationship to 
study drug.

Deaths and other SAEs will be tabulated.
A summary table will be prepared to examine the distri-

bution of laboratory measures and vital signs over time.
Concentration-time profiles will be constructed from 

the obtained plasma pharmacokinetic samples. Maximum 
concentration and apparent time of maximum concen-
tration will be determined. Non-compartmental analysis 
will be used to calculate area under the curve. A non-
linear model will be used to estimate non-linear elimina-
tion parameters and volume of distribution.

Pharmacodynamic analyses will be summarised using 
descriptive statistics, if applicable. Subject disposition, 
demographics and baseline clinical characteristics will 
be presented for all randomised subjects. For each treat-
ment group, the following will be presented: the number 
of subjects who meet all eligibility criteria, the number 
of subjects included in each analysis set, the number of 
subjects who completed the study and discontinued from 
the study and the reasons for early discontinuation at any 
point. The number of subjects dosed will be presented 
and the number of days on study treatment will be 
summarised for all treated subjects. The number of dose 
interruptions, modifications and discontinuations of all 
anticancer medication will be summarised.

Sample size
Formal sample size calculations were not required for 
this phase 2a, placebo-controlled, proof-of-concept trial, 
which is exploratory by design.

The planned sample size is 30. Three subjects have 
completed the safety lead-in, and 27 additional subjects 
will be randomised 2:1. 18 subjects will receive the study 
drug and 9 will receive the placebo.

Patient and public involvement
Patients and/or the public were not involved in the 
design, or conduct, or reporting, or dissemination plans 
of this research.
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ETHICS AND DISSEMINATION
This study was approved by the Republic of Estonia State 
Agency of Medicines (17 October 2023, ethics approval 
reference number RKU-4/41) and the State Agency of 
Medicines of the Republic of Latvia (1 February 2024, 
ethics approval reference number 1-47/19), EUCT 
number 2023-506813-23-00. As of writing this article, V.1.4 
(dated 1 October 2024, approved on 12 February 2025) 
is the latest approved substantially amended version of 
the study protocol. In accordance with European Union 
Clinical Trials Regulation no 536/2014, the application 
process of the clinical trial took place via the Clinical Trial 
Information System.

All patients provide written informed consent prior 
to being enrolled in the study (online supplemental file 
2).

The study is conducted in accordance with the Declara-
tion of Helsinki and Good Clinical Practice Guidelines of 
the International Council for Harmonisation.

The results of this study will be published in peer-
reviewed journals and reported at academic conferences.

DISCUSSION
Although multiple preclinical studies indicate that certe-
petide has tumour-homing properties in vitro and in 
vivo, its safety, tolerability and augmented efficacy when 
combined with standard of care chemotherapy must be 
established in clinical trials.

This trial is the first clinical trial to investigate the effects 
of certepetide for the treatment of an intracranial malig-
nancy and the first in which certepetide is administered 
on consecutive days.

The LSTA1-GBM-2A trial has multiple strengths. As a 
randomised controlled trial, it employs hard, clinically 
relevant endpoints to assess treatment effects and identify 
signals related to both preliminary efficacy and safety. On 
completion, the trial will yield a cohort with comprehen-
sive clinical documentation and archival tissue samples, 
providing a valuable resource for exploratory biomarker 
research and translational studies.

If the LSTA1-GBM-2A trial demonstrates positive 
outcomes, it could pave the way for a larger-scale study 
with greater statistical power to confirm the findings. 
Given the poor prognosis of GBM with the current stan-
dard of care treatment and the scarcity of effective treat-
ment options, the development of a novel therapeutic 
agent would address a significant unmet medical need. 
Ultimately, our goal is to improve the standard of care for 
patients with GBM.
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