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BrainStorm: a multicenter international study 
to tackle CNS metastases in solid tumors

C
linical outcomes of patients with 
central nervous system (CNS) 
metastases remain disappoint-
ing despite recent advances. This 
medical condition represents an 

important unmet clinical need in the care of 
patients with cancer. The occurrence of CNS 
metastases is increasing along with prolonged 
survival of patients with metastatic disease 
owing to improved diagnostic techniques and 
advanced systemic treatment approaches. 
The incidence of CNS metastases differs by 
primary cancer, varying from approximately 
5% to 50%1. The most common cancers pre-
senting dissemination to the CNS are lung 
cancer, breast cancer, melanoma and renal 
cell carcinoma1. The diagnosis of CNS metas-
tases is associated with a poor prognosis, with 
overall survival varying from 3 to 25 months 
depending on the primary cancer1. Treatment 
options are limited and usually involve mul-
timodality approaches that include surgery, 
radiotherapy, radiosurgery and sometimes 
systemic therapy, depending on the number 
of CNS lesions, location and primary tumor 
type, as well as the patient’s performance sta-
tus based on validated prognostic indexes2,3. 
Several challenges are limiting the advances 
in this field, including: incomplete knowledge 
of the CNS metastasis evolving epidemiology; 
scarce data about the tumor biology of CNS 
metastasis and its interaction with the tumor 
microenvironment; and inappropriate pre-
clinical and clinical research methodology 
and experiments in this field.

In this context, a multidisciplinary Brain 
Metastases Clinical Research Platform named 
the BrainStorm program was launched in 
2020 by the Institut Jules Bordet, within the 
Oncodistinct network (ClinicalTrials.gov ID 
NCT04109131). The BrainStorm program 
is an international, multicenter, prospec-
tive interventional study that is focused on 
individuals with newly diagnosed non-CNS 
metastatic solid tumors with a high risk of 
developing CNS metastases. This program 
is building a large clinico-pathological data-
base of around 600 patients to investigate 
the development and epidemiology of CNS 
metastases, focusing on three time periods: 

before the diagnosis; at diagnosis; and after 
the diagnosis of CNS metastases (Table 1).

BrainStorm is recruiting adult patients 
with newly diagnosed non-CNS metastases 
or up to 24 months from diagnosis of non-CNS 
metastases from triple-negative breast can-
cer, human epidermal growth factor receptor 
2-positive (HER2+) breast cancer, small-cell 
lung cancer (SCLC), non-small-cell lung can-
cer (NSCLC), and melanoma for a prospec-
tive follow-up period before a first CNS event 
(part A). Availability of either primary and/
or non-CNS metastatic archival tumor tis-
sue is mandatory for inclusion. Enrolment 
of exceptional cases surpassing 24 months 
from diagnosis is allowed for patients with 
HER2+ breast cancer or NSCLC containing 
driver mutations. Included patients undergo 
a baseline magnetic resonance imaging (MRI) 
analysis at inclusion to exclude CNS metas-
tases, and are followed up (once a year for 
triple-negative breast cancer and HER2+ 
breast cancer, every 4 months for NSCLC or 
SCLC, and every 6 months for melanoma) with 
medical consultation, blood samples collec-
tion, and brain MRI until the diagnosis of the 
first CNS event, death, or up to 48 months 
after inclusion if there is no development of 
CNS metastases.

The program also includes patients at pres-
entation of a first CNS event (part B) who were 
not previously enrolled in part A, regardless 
of the tumor type, with a separate cohort for 
patients with leptomeningeal carcinomato-
sis. A lumbar puncture for the collection of 
cerebrospinal fluid (CSF) will be performed 
in patients directly enrolled in part B and in 
those who were included in part A and develop 
CNS metastases. Non-CNS tumor tissue col-
lection at the presentation of the first CNS 
event is highly recommended. CNS tumor 
tissue should be collected when the patient is 
submitted to neurosurgery. A quality-of-life 
assessment using the EORTC QLQ-C30 version 
3.0, EORTC QLQ BN20 and EQ-5D-5L is per-
formed at diagnosis of CNS metastases (part B)  
and then every 3 months after the first CNS 
event (part C), together with medical consulta-
tion, blood samples collection, and brain MRI. 
Patients will be followed until death or up to 
48 months after diagnosis of CNS metastases, 
and new CSF and CNS tumor samples will be 
collected during part C if clinically indicated.

This study aims to collect valuable data 
about the epidemiology and biology of 
CNS metastases from solid tumors, which 
should enable the identification of risk fac-
tors for CNS metastases, the discovery of new 
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Table 1 | BrainStorm study design

Part Assessment Timing

Part A: non-CNS 
metastases

Consultation
Blood sample
Brain MRI

At screening and then once a year for patients  
with triple-negative or HER2+ breast cancer;  
every 4 months for patients with NSCLC or SCLC;  
and every 6 months for patients with melanoma

Part B: first CNS 
event

Consultation
Blood sample
Brain MRI
QoL questionnaire
CSF sample

At the diagnosis of the first CNS event

Non-CNS tumor sample
CNS tumor sample

When available

Part C: after first 
CNS event

Consultation
Blood sample
Brain MRI
QoL questionnaire

Every 3 months

CSF sample
CNS tumor sample

When available

QoL, quality-of-life.
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therapeutic targets for future clinical trials, 
and innovative treatments for quality-of-life 
improvement of these patients.

The collection of clinico-demographic 
baseline characteristics will define clini-
cal subgroups of patients with higher risk 
of CNS metastases, and the analyses of 
biological samples will identify potential 
biomarkers for the development of CNS 
metastases. The BrainStorm study will assess 
the role of neuron-specific serum enolase as 
a non-invasive predictive biomarker of brain 
damage due to CNS metastases4 and its prog-
nostic baseline value when CNS metastases 
are diagnosed. Molecular profiling of non-CNS 
tumor DNA and plasma circulating tumor DNA 
(ctDNA) will identify molecular signatures as 
biomarkers for higher risk of CNS metastases. 
These clinico-demographic characteristics 
and biomarkers may identify a target popula-
tion for diagnostic imaging and the early detec-
tion of CNS metastases and their progression.

CNS metastases display molecular altera-
tions that differ from primary tumors and 
other metastatic sites, which might confer spe-
cial CNS sensitivity for targeted treatments5. 
Brain biopsies are an invasive approach and 
liquid biopies are therefore being investi-
gated as a potential tool for detecting these 
molecular alterations in CSF ctDNA6–10. Tumor 
DNA was shown to be more abundant in CSF 
than in plasma of patients with brain tumors, 
and to characterize the genomic alterations 
of brain tumors more comprehensively than 
plasma10. The BrainStorm platform will ana-
lyze the molecular landscape of CSF ctDNA 
in a larger dataset, and explore CSF ctDNA as 
a surrogate for CNS tumor tissue DNA, which 
may identify promising therapeutic targets for 
clinical trials and innovative treatment strate-
gies. The prospective quality-of-life assess-
ment of patients with brain metastases will 
provide a robust description of the effect of 
this condition on patient’s lives.

We expect BrainStorm to lead to subse-
quent clinical studies in the prevention of 
CNS events, including primary prevention, 
in which CNS metastases do not occur, and 
secondary prevention, in which CNS events 
are delayed. This study will also benchmark 
disease control rates, quality-of-life, and sur-
vival patterns to identify future personalized 
treatment strategies in this setting.
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