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Luc Bauchet6,7, Dominique Figarella‑Branger8,9, Philippe Menei1,2*   and FGB network

Abstract 

Background:  Glioblastomas (GB) are the most common and lethal primary brain tumors. Significant progress has 
been made toward identifying potential risk factors for GB and diagnostic and prognostic biomarkers. However, the 
current standard of care for newly diagnosed GB, the Stupp protocol, has remained unchanged for over a decade. 
Large-scale translational programs based on a large clinicobiological database are required to improve our under‑
standing of GB biology, potentially facilitating the development of personalized and specifically targeted therapies. 
With this goal in mind, a well-annotated clinicobiological database housing data and samples from GB patients has 
been set up in France: the French GB biobank (FGB).

Methods:  The biobank contains data and samples from adult GB patients from 24 centers in France providing writ‑
ten informed consent. Clinical and biomaterial data are stored in anonymized certified electronic case report forms. 
Biological samples (including frozen and formalin-fixed paraffin-embedded tumor tissues, blood samples, and hair) 
are conserved in certified biological resource centers or tumor tissue banks at each participating center.

Results:  Clinical data and biological materials have been collected for 1087 GB patients. A complete set of sam‑
ples (tumor, blood and hair) is available for 66%, and at least one frozen tumor sample is available for 88% of the GB 
patients.

Conclusions:  This large biobank is unique in Europe and can support the large-scale translational projects required 
to improve GB care. Additional biological materials, such as peritumoral brain zone and fecal samples, will be col‑
lected in the future, to respond to research needs.
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Background
Gliomas are the most common type of malignant pri-
mary brain tumors, and glioblastoma (GB) is the prin-
cipal glioma diagnosed in adults. The reported annual 
age-adjusted incidence of GB ranges from 0.59 to 3.69 
per 100,000 people, and the median age at diagnosis 
is 64  years [1]. Many advances have been made toward 
understanding GB biology, but the current stand-
ard of care for newly diagnosed GB, the Stupp proto-
col, has remained unchanged for over a decade [2, 3]. 

Patient survival remains poor with this protocol, with 
an overall survival (OS) of 68% at 1 year, a median OS of 
12.8  months and a median progression-free survival of 
7.4 months [4].

Attempts should be made to improve GB care, through 
large-scale translational research programs includ-
ing modern-omics (including genomics, epigenomics, 
radiogenomics, transcriptomics, proteomics, and/or 
metabolomics) and artificial intelligence technologies, 
to improve our understanding of the etiology of GB and 
to identify new biomarkers for diagnosis, prognosis and 
treatment, facilitating the development of personalized 
and specifically targeted therapies. Such programs will 
require large numbers of biological samples, including, 
in particular, frozen tumor and blood samples associated 
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with clinical data, if we wish to obtain statistically signifi-
cant results.

In France, where the annual incidence of GB has been 
estimated at 3.3 per 100,000 people, Darlix et al. [5] indi-
cated that frozen tumor samples were stored for only 32% 
of the 12,410 cases of GB recorded between 2006 and 
2011. These samples were banked for healthcare pur-
poses and are not therefore associated with the quality 
forms and informed consent forms (ICFs) required for 
use in research projects. Furthermore, they are not cen-
tralized and the complete clinical data for these samples 
are not recorded on anonymized and certified electronic 
case report forms (eCRFs). This highlights the impor-
tance of implementing standard operating procedures 
and developing active collaborations between profession-
als from all the disciplines involved, for the collection and 
storage, in a biobank, of biological materials and associ-
ated clinical data for GB patients. The French GB biobank 
(FGB) was developed for this purpose, following a call for 
tenders from the “Institut National du Cancer” (INCa) 
in 2012 [6]. This academic biobank is run along the lines 
of The Cancer Genome Atlas (TCGA) (http://www.
cance​rgeno​me.nih.gov) created by the National Can-
cer Institute (NCI) of the National Institutes of Health 
(NIH) in 2005 [7, 8]. The FGB holds biological materi-
als and data for adult patients with GB, and it is run 
with the support of neurosurgeons, neuropathologists, 
neuro-oncologists and biologists from 24 centers located 
throughout France. Its overall aim is to establish a reposi-
tory of samples associated with clinical data from about 
1500–2000 GB patients including epidemiological, imag-
ing, tumor characteristic and follow-up data, together 
with a collection of classic biological samples (including 
frozen and formalin-fixed paraffin-embedded tumor tis-
sues and blood samples), and original samples (including 
tumor tissue frozen in dimethyl sulfoxide (DMSO) for 
the development of cell- and animal-based GB models, 
macroscopically normal peritumoral brain zone tissues, 
hair and fecal samples) to support translational research 
projects and artificial intelligence technologies for GB. 
We describe here the operation of the FGB, its strengths 
and research opportunities with a view to increasing the 
international standing of this biobank.

Methods
Design of FGB
Following a call for tenders from INCa in 2012 (“Con-
stitution de bases clinico-biologiques multicentriques 
nationales en cancérologie”), the FGB was set up, with 
the participation of 24 sites throughout France. The FGB 
is a member of BBMRI-ERIC (biobank number BB-0033-
00093) and has a LinkedIn Page (https​://www.linke​din.
com/in/frenc​h-gliob​lasto​ma-bioba​nk-80850​8153). The 

preparation of a website is currently underway. The legal 
and administrative aspects of this project are supported 
by Angers University Hospital. It is governed by a steer-
ing committee including representatives from all the par-
ticipating centers and a scientific board including two or 
three members from each participating center. Figure  1 
presents a schematic diagram of the workflow of data and 
biomaterial collection in the FGB.

Eligibility and informed consent
The protocols and regulations of the FGB have been 
approved by the French Ministry of Health and Research 
(declaration number: DC-2011-1467, cession authoriza-
tion number: AC-2017-2993), the CPP OUEST II ethics 
committee (CB 2012/02) and the CNIL (“Commission 
Nationale de l’Informatique et des Libertés”; the French 
national data protection authority; no. 1476342). All 
adult patients undergoing surgery for presumed primary 
GB are pre-included and asked to sign an ICF for the 
inclusion of their data and samples in the biobank. The 
ICF is also used for other brain tumor biobanks funded 
by INCa (http://www.e-cance​r.fr). Patients are defini-
tively included in the FGB when the diagnosis of GB is 
confirmed by the neuropathologist of the inclusion center 
according to the criteria of the 2016 CNS WHO classi-
fication [9]. A histology proofreading by a network of 
expert neuropathologists (RENOCLIP, “REseau National 
de Neuro-Oncologie CLInico-Pathologique”, France) may 
also be performed.

Clinical data and biological material collection
The clinical data registered in the FGB include age, sex, 
family history of brain tumor, medical history, a short 
survey on pesticide, petrochemical and electromagnetic 
field exposure, date of symptoms and diagnosis, imaging 
data, Karnofsky performance status (KPS) score, tumor 
location, extent of resection, histology, standard bio-
markers, treatments, and follow-up every 6 months until 
death.

Biological materials are collected at the time of sur-
gery and include blood, tumor and a lock of hair 
(Table  1). The procedures for biological material col-
lection and storage were developed in accordance 
with the best practice guidelines issued by several 
organizations, including INCa (http://www.e-cance​
r.fr), NCI (https​://biosp​ecime​ns.cance​r.gov/bestp​racti​
ces/2016-NCIBe​stPra​ctice​s.pdf ) and the International 
Society for Biological and Environmental Repositories 
(ISBER) [10]. They were adapted in line with the staff 
and organizational structures of the various participat-
ing center. Quality forms are used to ensure that the 
samples stored are fully traceable. Blood is collected 
into two serum-separation tubes (5 mL) and two EDTA 

http://www.cancergenome.nih.gov
http://www.cancergenome.nih.gov
https://www.linkedin.com/in/french-glioblastoma-biobank-808508153
https://www.linkedin.com/in/french-glioblastoma-biobank-808508153
http://www.e-cancer.fr
http://www.e-cancer.fr
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https://biospecimens.cancer.gov/bestpractices/2016-NCIBestPractices.pdf
https://biospecimens.cancer.gov/bestpractices/2016-NCIBestPractices.pdf
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Fig. 1  Presentation of FGB workflow. Only data and samples from adult patients with newly diagnosed GB who sign an informed consent form 
are included in the FGB. Clinical data and biological materials are registered in anonymized and certified eCRFs. Radiological data are accessible by 
electronic means or on an anonymized and coded CD-ROM. Biological materials, including blood, tumor and hair samples, are collected at the time 
of surgery and are stored in certified biological resource centers or tumor tissue banks at each participating center. Researchers wishing to use this 
collection complete a request form. If their request is accepted by the scientific board, a material transfer agreement is signed and the data and 
biological materials can be supplied

Table 1  Biological materials collected at the time of surgery and stored in the FGB

Biological materials Quantity Storage temperature

Blood

 Whole blood 500 µL (n = 1) − 80 °C

 Plasma 500 µL (n = 4) − 80 °C

 Serum 1 mL (n = 4) − 80 °C

 Buffy coats 250 µL (n = 2) − 80 °C

GB tissue

100–200 mg/cryotube (n = 3) − 80 °C or liquid nitrogen

FFPE block (n = 1) Room temperature

Hair

Lock (n = 1) Room temperature
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tubes (6  mL), and transferred to the biobank for pro-
cessing and storage. One of the EDTA tubes is used to 
prepare the whole-blood sample and the other tube is 
centrifuged for plasma recovery and buffy coat isola-
tion. The two serum-separating tubes are also centri-
fuged, to prepare serum aliquots. All these samples are 
stored at − 80 °C. The lock of hair is stored in an enve-
lope at room temperature. The resected GB tissue is 
immediately transported to the pathology department 
in an unfixed state. The pathologist takes the routine 
samples from the specimen required for diagnosis, and 
three samples (100–200  mg) of the tumor with > 40% 
tumor nuclei, excluding the periphery and necrosis, are 
collected and immediately frozen in liquid nitrogen. 
Freshly frozen GB samples are then stored at − 80 °C or 
in liquid nitrogen. A formalin-fixed, paraffin-embedded 
(FFPE) block of GB tissue is also prepared and stored 
at room temperature. The expression of the prognostic 
isocitrate dehydrogenase 1 (IDH1) R132H mutation is 
assessed, in all cases, by immunohistochemical and/or 
molecular genetic methods.

Other biomarkers are evaluated (the choice of bio-
markers depending on the center): glial fibrillary acidic 
protein (GFAP), oligodendrocyte transcription factor 2 
(Olig2), neurofilament, epidermal growth factor recep-
tor (EGFR), p53, the Ki67/MIB1 proliferation marker, 
alpha internexin (INA) and alpha-thalassemia/mental 
retardation syndrome X-linked (ATRX), the loss of het-
erozygosity on chromosomes 1p, 19q, 10q, and 16, EGFR 
amplification, O6-methylguanine-DNA methyltrans-
ferase (MGMT) methylation, gains of chromosome 7 and 
Verhaak signatures.

Biological material and data storage
All biological materials are stored in certified biological 
resource centers (NF96900 and/or ISO9001) or tumor tis-
sue banks at the corresponding participating center. Clin-
ical and biological material data are stored in anonymized 
and certified eCRFs built with Ennov Clinical software 
(Ennov, Paris, France). This software is ISO9001:2015-
certified for all products and activities and meets the 
recommendations of the FDA 21CRF Part11 and EMA 
for the IT security of clinical data. Secure Sockets Layer 
is used to secure data transfer. Only authorized persons 
from each center can complete the eCRF (https​://nante​
s-lrsy.hugo-onlin​e.fr/CSOnl​ine). Quality control for data 
recording is based on pre-testing and consistency checks 
during data entry and data management. Initial imaging 
data are stored as a digital imaging and communications 
in medicine (dicom) format file in the picture archiving 
and communication system (PACS) of each center or on 
an anonymized and coded CD-ROM.

Research proposals and the use of samples
The scientific board of the FGB ensures that the clini-
cal data and/or biological materials collected are used 
for high-quality research projects. Researchers have to 
complete a request form that is submitted to the scien-
tific board for acceptance or rejection within 4  weeks. 
If the request is accepted, material transfer agreements 
are signed between research institutions under the laws 
and regulations in force, and the data and/or samples are 
made available.

Results
Characteristics of the GB patients included in the FGB
To date, data and samples for 1087 patients have been 
included in the FGB. For 573 patients, histology proof-
reading was performed by RENOCLIP and the initial 
diagnosis of GB was validated in 99.5% of cases. The 
baseline characteristics of the 1087 patients included are 
shown in Table 2. The median age at diagnosis is 63 years 
for these patients, and the incidence of the disease is 
higher in men than in women (sex ratio = 1.5). The GB 
included are unilobar or multilobar, located mostly in 
the supratentorial region (frontal, temporal, parietal, and 
occipital lobes), and much more rarely in the cerebel-
lum. The IDH1R132H mutation was detected in about 
6% of FGB patients. MGMT promoter methylation sta-
tus was analyzed in 38% of the GB patients and meth-
ylation of the MGMT promoter was detected in 49% of 
these patients. Data for familial and/or epidemiologic 
risk factors were collected for 62% of the GB patients, 
and about 18% indicated exposure to risk factors, such 
as pesticides (pesticide exposure reported for 44% of 
these patients). Median OS for the patients included in 
the FGB (n = 915) is 24.2 months. This median OS is sig-
nificantly longer than that for the patients in two other 
GB cohorts: TCGA-GB (http://www.cance​rgeno​me.nih.
gov/; n = 486; 12.5 months) and the French brain tumor 
database (FBTDB; n = 1936; 11.2 months) [11] (P < 0.001) 
(Fig. 2).

Characteristics of the biological materials stored in the FGB
Type and number of samples stored in the FGB
Figure 3 indicates the number of samples stored, by sam-
ple type, for the 1087 patients included in the FGB. For 
714 GB patients (66%), a complete set of samples (tumor, 
blood and hair) is available, and at least one frozen tumor 
sample is available for 961 GB patients (88%).

Procurement and storage of tumor tissue and blood samples 
in the FGB
Quality forms have been established to track blood 
and tumor tissue samples at each step, from sampling 

https://nantes-lrsy.hugo-online.fr/CSOnline
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to storage. Tumor and blood samples are sent from the 
operating room to biological resource centers or tumor 
tissue banks at room temperature or at 4  °C in a pneu-
matic tube or vehicle, depending on the operating pro-
cedures of the center concerned. The interval between 
sample collection and freezing varies between centers, 
with a mean value of 2.4 ± 1.4  h (range: 30  min–26  h) 
for tumor tissue and 3.9 ± 0.4  h (range: 10  min–26  h) 
for blood samples. If the handling time for tumor tissues 
exceeds 3 h, a commercial RNA-stabilizing buffer (RNAl-
ater) is added to preserve tissue quality during transport.

The activities of the FGB
Nineteen request forms from public institutes or private 
companies have been submitted to the scientific board of 
the FGB. Twelve projects were accepted, one was refused 
and six are underway. Different types of samples have 
been requested, with frozen and FFPE tumor samples the 
most frequently sought (Fig. 4). The results from a pro-
ject characterizing extracellular vesicles from the plasma 
of GB patients were recently published [12].

Table 2  Characteristics of the 1087 GB patients included

Patients included in the FGB Number %

Patient characteristics

 Age (median age: 63 years)

  < 70 years 801 73.7

  ≥ 70 years 286 26.3

 Sex

  Male 653 60.1

  Female 434 39.9

 KPS score

  ≥ 70 601 55.3

  < 70 73 6.7

  Missing data 413 38.0

 Risk factors

  No relevant exposure 549 50.5

  Relevant exposure 124 11.4

    Family history of brain tumors 46 4.2

    Electromagnetic fields 19 1.7

    Petrochemical exposure 16 1.5

    Pesticide exposure 55 5.1

    Other (e.g. chemical products, asbestos, lead) 42 3.9

  Missing data 414 38.1

 OS

  Median (24.2 months) 915 84.2

  Short (< 6 months) 100 9.2

  Long (> 3 years) 61 5.6

  Missing data 172 15.8

Tumor characteristics

 Tumor location

  Unilobar 454 41.8

    Frontal lobe 166 15.3

    Temporal lobe 169 15.5

    Parietal lobe 91 8.4

    Occipital lobe 18 1.7

    Corpus callosum 8 0.7

    Cerebellum 2 0.2

  Multilobar 485 44.6

  Missing data 148 13.6

 2016 WHO CNS classification

  GB IDH-wildtype 937 86.2

    Giant cell GB 35 3.2

    Gliosarcoma 8 0.7

  GB IDH-mutant 62 5.7

  GB NOS 88 8.1

 MGMT status

  Unmethylated 209 19.2

  Methylated 201 18.5

  Missing data 677 62.3

5-ALA 5-aminolevulinic acid, IDH isocitrate dehydrogenase, KPS Karnofsky 
performance status, MGMT O6-methylguanine-DNA methyltransferase, NOS not 
otherwise specified, OS overall survival

Table 2  (continued)

Patients included in the FGB Number %

First-line treatment

 Type of surgery

  Biopsy 145 13.3

    Surgical biopsy 35 3.2

    Stereotactic biopsy 106 9.8

    Missing data 4 0.4

  Resection [total, subtotal (≥ 90%) or partial (< 90%)] 797 73.3

  Lobectomy 9 0.8

  Missing data 136 12.5

 Surgical technique/per-operatory treatment

  Awake craniotomy 67 6.2

  5-ALA fluorescence 78 7.2

  Gliadel wafer 67 6.2

 Adjuvant therapy

  Without adjuvant therapy 46 4.2

  Radiotherapy alone 25 2.3

  Radiotherapy/TMZ 624 57.4

  Avastin (± radiotherapy/TMZ) 45 4.1

  Gliadel wafer (± radiotherapy/TMZ) 65 6.0

  Other chemotherapy 18 1.7

  Missing data 177 16.3

Second-line treatment

 Surgery (± radio/chemotherapy) 105 9.7

 Treatment without surgery 545 50.1
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Discussion
GB biobanks are an essential tool for ensuring an ade-
quate supply of the high-quality samples associated with 
clinical data required to support translational programs 
and artificial intelligence technologies to foster the intro-
duction of personalized medicine for this brain disease. 
Several glioma biobanks including GB tissues have been 
developed, in China and the USA, for example, but, to 
our knowledge, the FGB is the only national clinicobio-
logical database for GB in Europe [7, 13–17].

Strengths of the FGB
To date, the FGB has included data for 1087 adult GB 
patients, for 66% of whom a complete set (tumor, blood 
and hair) was obtained. The GB patients of the FGB are 
representative of the general population undergoing sur-
gery for GB. In particular, GB is primarily diagnosed in 
older individuals, at a median age of 63  years, and the 
incidence of GB is higher in men than in women [1]. 
Consistent with other studies, the IDH1R132H mutation 
is rare in the GB patients of the FGB cohort, in which 
it was found in 6% of GB cases [18, 19]. Median OS is 
24.2 months in the GB patients of the FGB, which is sig-
nificantly longer than the median OS of the patients from 
two other GB cohorts (TCGA-GB and FBTDB). This dif-
ference can be explained by the more recent establish-
ment of the FGB, as GB management has evolved since 
the other two cohorts were set up. In particular, advanced 
surgical techniques have been developed for optimal safe 
resection. Another possible explanation is that the FGB 
cohort contains only a small percentage of patients who 
have undergone biopsy (13.3% vs. 41.2% in the FBTDB) 
[11] because this surgical procedure results in the collec-
tion of insufficient tumor tissue for cryopreservation.

The FGB collects original samples, such as locks of hair, 
in addition to classic tumor and blood samples. This bio-
material is proposed as a non-conventional matrix for 
the biological monitoring of pesticide exposure [20]. In 
a preliminary study, we analyzed the levels of 60 pesti-
cides from the organochlorine, organophosphorus, and 
pyrethroid families in the scalp fat of three GB patients. 
Three of the compounds tested, all from the organochlo-
rine family, which have been banned in most countries, 
including France, for several years, were detected at high 
concentrations in the hair of all three patients: hexachlo-
robenzene (HCB), hexachlorocyclohexane beta (HCHB) 
and 4,4′ dichlorodiphenyldichloroethylene (4,4′DDE). 
The possible link between brain tumors and pesticides 
has been investigated over the last few decades, but 
remains controversial [21, 22]. The collection of hair 
samples included in the FGB provides a potential source 
of information about the influence of pesticides on the 
process of GB development.

In addition to the collection of clinical and biological 
data, imaging data can be obtained electronically or on 
an anonymized and coded CD-ROM. The accessibility of 
the FGB imaging data and biological materials will facili-
tate radiogenomic studies seeking to assess correlations 
between imaging findings and molecular markers predic-
tive of treatment response and prognosis by noninvasive 
methods. We plan to upload radiological images onto the 
anonymized eCRF website, to improve data transmission.

The patient characteristics included in the FGB high-
light some rare cohorts of interest, such as patients 
with professional pesticide exposure (n = 55), patients 
with a family history of brain tumors (n = 46), patients 
under the age of 40  years (n = 56), patients undergoing 
awake craniotomy (n = 67), patients with Gliadel wafers 
implanted during first-line surgery (n = 67), patients with 
long (> 3 years; n = 61) or short (< 6 months; n = 100) sur-
vival and patients with tumor samples frozen both at the 
time of primary surgery and during a relapse (n = 26). 
These samples are rare because surgery is the standard 
of care for newly diagnosed GB, but its role in the treat-
ment of recurrent GB remains a matter of debate [23]. 
Furthermore, tumor samples are not systematically fro-
zen during surgery for relapse. The analysis of these 
tumor samples will provide a comprehensive picture of 
recurrent GB of potential value for determining the best 
molecular targets.

Quality assurance for the GB tissue and blood samples 
in the FGB
Certification of the FGB by an external international 
body has not yet been requested, but several procedures 
have been set up in the FGB to guarantee the quality of 
biological materials. Firstly, histological proofreading is 
performed via RENOCLIP to confirm an absence of over-
lap in microscopic appearance between the GB and other 
neoplastic lesions, such as pleomorphic xanthoastrocy-
toma and ganglioglioma [24]. Secondly, procedures for 
biological material collection and storage with associated 
quality forms have been implemented in the FGB. Par-
ticular attention was paid to the conditions for handling 
and storing fresh GB tissues. As formalin fixation results 
in RNA fragmentation, GB samples should be frozen in 
addition to being stored as FFPE blocks. Frozen samples 
can be used with different molecular tools, such as RNA 
sequencing, facilitating a comprehensive analysis of gene 
expression patterns. It is generally recommended to snap-
freeze tumor samples as soon as possible after resection, 
and ideally within 30–60 min of resection. However, it is 
recognized that this may not be practically possible for a 
number of reasons, including the availability of pathol-
ogy services, theater procedures and logistic issues [25, 
26]. In the FGB, the time interval from excision to snap 
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freezing is generally less than 2 h. The mean time lag to 
freezing can be explained, at most centers, by the absence 
of a neuropathologist in the operating room to examine 
and freeze tumor fragments directly, and a lack of pneu-
matic tube systems for the rapid transport of GB samples 
to the pathology laboratory. The time interval between 
excision and freezing, and the conditions in which tissues 
are maintained during this interval are well-annotated on 

the quality forms, so researchers receiving samples from 
this biobank are fully informed about the quality status 
of the samples they receive. The quality control data col-
lected from end-users preparing derivatives for their 
studies have, to date, indicated high quality, with minimal 
RNA degradation in the samples received. Thirdly, FGB 
samples are stored in certified biological resource cent-
ers (NF96900 and/or ISO9001) or tumor tissue banks 
at each of the participating centers, to ensure the high-
quality storage of biological materials. Samples derived 
from blood are stored at − 80  °C and frozen GB tissues 
are stored at − 80 °C or in liquid nitrogen, depending on 
the equipment available at the centers. We have not per-
formed quality control tests on DNA, RNA, and protein 
at different time points for a subset of cases to check the 
integrity of the biological materials over time. Several 
studies have shown that long-term storage at − 80  °C is 
satisfactory and does not negatively influence RNA qual-
ity [26–28]. It remains unclear whether storage in liq-
uid nitrogen has significant advantages over storage at 
− 80  °C. These data indicate that the storage conditions 
used for the FGB may be suitable for the long-term pres-
ervation of GB tissues and blood samples.

Materials recently added to the FGB
Tumor samples are currently stored in the FGB in the fro-
zen state and as FFPE blocks. Since 2019, fresh GB tissues 
have been frozen in DMSO for the development of cell- 
and animal-based GB models (Fig.  5). Glioma stem-like 
cells (GSLCs), also called glioma-initiating cells, gener-
ated from GB tissue are considered a more representa-
tive and reliable cell model than standard cell lines [29, 
30]. Furthermore, patient-derived orthotopic xenograft 
models, obtained by engrafting GSLCs into immunocom-
promised mice, resemble human GB more faithfully [30, 
31]. The demand for these preclinical GB models is grow-
ing exponentially, and tumor tissues frozen in DMSO 
and GSLCs will be required to satisfy this demand. Xie 
et al. [32] recently created a biobank of GSLCs called the 
human GB cell culture resource. We now include fresh 
tumor tissues dissociated in cell suspension and then fro-
zen in DMSO in the FGB, to enable research scientists to 
develop cell- and animal-based models of GB.

In addition to the samples of GB tissues collected, mac-
roscopically normal peritumoral brain zone (PBZ) tissues 
are now collected during primary surgery and stored in 
the FGB (Fig.  5). Many studies have analyzed the core 
of GB tumors, but only a few have focused on the PBZ, 
even though 90% of recurrences occur in this area [33]. 
We previously demonstrated the complexity of this zone, 
which has a degree of interpatient variability similar 
to that of the corresponding tumor zone [34–37]. The 
PBZ displays specific alterations, such as the presence 

Fig. 2  Comparison of the OS of the GB patients included in the 
FGB (n = 915) with that in two other GB cohorts: TCGA-GB (n = 486) 
and the French brain tumor database (FBTDB) (n = 1936). Survival 
curves were plotted according to the Kaplan–Meier method. 
Log-rank tests were performed to compare patient OS between the 
different cohorts with R v3.5.1 (https​://www.r-proje​ct.org). Median 
OS is significantly longer for FGB patients than for the patients from 
TCGA-GB or FBTDB cohort (P < 0.001)

Fig. 3  Number of samples collected at the time of primary 
surgery and stored in the biobank, by sample type. Complete 
set = tumor + blood + hair

https://www.r-project.org
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of selected tumor clones and stromal cells with tumo-
rigenic and angiogenic properties [38–43]. Characteri-
zation of the cellular and molecular components of the 

PBZ is required, to identify new molecular targets for the 
development of personalized targeted therapy and adju-
vant treatments for GB after surgery. Advances in our 
knowledge of PBZ characteristics will also facilitate the 
development of approaches to refine the per-operative 
evaluation of this zone, to optimize surgical resection of 
the tumor. A large collection of PBZ samples is essential 
for such studies, and the FGB will serve this purpose.

Blood samples are also now collected before and dur-
ing patient follow-up, for the identification of blood bio-
markers for use in prognostic assessments, therapeutic 
monitoring, and surveillance for recurrence (Fig.  5). 
Three main classes of blood biomarkers have been evalu-
ated in GB—extracellular macromolecules, extracellular 
vesicles, and circulating tumor and immune cells—but 
none was considered to constitute a clinically meaningful 
indicator of GB [44–46]. Much work remains to be done 
to identify blood biomarkers suitable for use in clinical 
practice. Samples collected before surgery and during 

Fig. 4  Types of samples requested

Fig. 5  Materials recently added to the FGB. Since 2019, PBZ samples and tumor tissue frozen in DMSO at the time of primary surgery have been 
added to the FGB. Blood samples are also collected before surgery and during patient follow-up. Fecal samples will be collected in the near 
future. All these biological materials will support translational programs for understanding the development of GB and its progression and/or for 
identifying new diagnostic, prognostic and therapeutic biomarkers for the development of personalized therapy
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follow-up are therefore essential and are now stored in 
the FGB. It has been suggested that cerebrospinal fluid 
(CSF) analysis would be a more appropriate way to 
screen for circulating biomarkers, as marker concentra-
tions may be higher in the CSF than in the blood, given 
that the CSF circulates within the brain, on the other side 
of the blood–brain barrier. However, CSF collection is 
an invasive process involving lumbar puncture to obtain 
serial CSF samples from patients with GB. Blood collec-
tion and approaches aiming to identify biomarkers in the 
serum are therefore prioritized in the FGB.

In addition to locks of hair, we plan to collect, in the 
near future, fecal samples, another original type of sam-
ple not routinely collected in this context. In a recent 
proteome analysis [47], we observed an enrichment in 
“pathogenic Escherichia coli infection” in patients with 
GB. The collection of fecal samples will make it possible 
to define the role of gut microbiota composition in GB 
development and response to treatment, as has been 
done in other cancers, such as colorectal cancer, hepato-
cellular carcinoma and breast cancer [48].

Sustaining the FGB
As shown by the experience of other biobanks, the devel-
opment and maintenance of clinicobiological databases is 
a costly activity. The budget from the “Direction Géné-
rale de l’Offre des Soins” (DGOS) of the French Ministry 
of Health allocated to certified biological resource cent-
ers or tumor tissue banks covers the costs of collecting 
and storing biological materials, but not those of col-
lecting and storing clinical data or managing these pro-
cesses. The budget from different contracts signed with 
academic and industrial partners requesting samples for 
research projects is also insufficient to cover these costs. 
Additional funding must therefore be found to sustain 
such structures, and this process is time-consuming and 
fastidious, with low success rates. In the future, research 
institutions and governments must find solutions to facil-
itate the funding of clinicobiological databases. Further-
more, it will be essential to gain and maintain the trust 
and commitment of all participating centers to sustain 
such structures. A scientific board has been set up for the 
FGB, to select, according to transparent rules, the scien-
tific projects authorized to use the data and biomaterial 
collected. A newsletter is published every 6  months, to 
inform all FGB staff about the number of inclusions and 
the projects using the stored data. Furthermore, a group 
called “FGB network”, including at least three representa-
tives from each center has been set up and will be cited 
in all publications (in authors or acknowledgements)  in 
which FGB samples are used, to enable centers to benefit 
from their own cooperative effort.

Conclusions
Researchers and scientists wishing to set up large-scale 
studies for understanding  the development of GB and 
its progression, and/or for  identifying new diagnostic, 
prognostic and therapeutic biomarkers for the develop-
ment of personalized therapy should contact the FGB 
(https​://www.linke​din.com/in/frenc​h-gliob​lasto​ma-bioba​
nk-80850​8153) to ask for biological materials and asso-
ciated clinical data. This academic biobank has already 
included samples and data for 1087  GB patients, and is 
flexible enough to adapt to diverse requests, making it 
possible to implement projects quickly.
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