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Abstract: Lung cancer is the major cause of death from cancer in the world and its incidence is
increasing in women. Despite the progress made in developing immunotherapies and therapies
targeting genomic alterations, improvement in the survival rate of advanced stages or metastatic
patients remains low. Thus, urgent development of effective therapeutic molecules is needed.
The discovery of novel therapeutic targets and their validation requires high quality biological
material and associated clinical data. With this aim, we established a biobank dedicated to lung
cancers. We describe here our strategy and the indicators used and, through an overall assessment,
present the strengths, weaknesses, opportunities and associated risks of this biobank.
Keywords: lung tumor biobank; efficiency; sustainability; quality; indicators
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1. Introduction
Several reasons explain the constant increase in the number of research projects in thoracic
oncology. Lung cancer is the major cause of death from cancer in the world and its incidence is
increasing in the female population [1–3]. For advanced stages or metastatic patients, prognosis of this
cancer is always poor and no cure allowing a complete recovery is available, despite some recently
developed therapies. Some patients with early stage lung cancer relapse after complete surgery
due to aggressive tumors for which the biology is still poorly understood. A number of molecular
therapeutics have been recently developed. However, only a limited number of therapeutic targets
of the many genomic alterations that were identified with high throughput sequencing analysis are
available [4–6]. The emergence of immunotherapies and of combination therapeutics will require the
use of new predictive biomarkers, the evaluation of which is no doubt complex [7,8]. No biological test
used in the clinic is able to screen or diagnose the occurrence of early lung cancers. Finally, interest in
the analysis of risk factors other than tobacco or of genetic predisposition along with investigation into
mechanisms of carcinogenesis in the domain of thoracic oncology is dramatically increasing [9,10].
Fundamental research studies in the area of lung oncology are performed in vitro with cell lines
and/or in vivo with animal models. The discovery of novel mechanisms of carcinogenesis will lead
to the development of tests for new therapeutic molecules and will define associated predictive
biomarkers. Access to large numbers of biological resources (tissues and/or biofluids) collected from
patients, which are reliably well clinically annotated, is a mandatory step in the validation of predictive
and prognostic biomarkers [11,12]. To define reliable, sensitive and specific biomarkers, a high number
of patients must be sampled. However, the heterogeneity of clinical practices and centers for care
makes the management and homogenization of the pre-analytical steps difficult [13]. The variability
of the quality of the samples obtained from center to center can lead to inconsistent results that are
often not reproducible, and for which the economic impact is substantial [14]. In this context, the
need for high quality biological resources associated with more and more complex clinical data is
constantly increasing [15,16]. Consequently, biobanks must face the challenge to satisfy the requests by
scientists and, as the objectives of research projects progress permanently, adapt their management
overtime [15,17].
Our aim was to establish and develop a biobank dedicated to lung cancers (Hospital-Integrated
Biobank BB-0033-00025) in order to meet the needs of key stakeholders in thoracic oncology research
programs. This article describes the strategy adopted to set up and maintain a lung cancer biobank
as well as the monitoring indicators for evaluation of performance and the main results obtained
since it started in 2006. An analysis of the strengths, weaknesses, opportunities and risks (SWOT) are
presented together with a number of perspectives.
2. Results
NFS 96-900 certification of the biobank was obtained in 2010 (Certificate N◦ 2010/36548), and
was then renewed in 2013 (Certificate N◦ 2010/36548.2) and in 2016 (Certificate N◦ 2010/36548.3).
The different biological resources collected by the biobank came from the Nice hospital laboratory
(the clinical and experimental laboratory, Pasteur Hospital) that was accredited in 2013 according
to the ISO 15189 norm) [18]. Together these standards provide the partners of the biobank with the
assurance of the quality of the samples provided [19].
2.1. Quantitative Data
The main data are shown in Figure 1. A total of 3798 patients who underwent surgery in the
department of thoracic surgery of the Nice University Hospital between October 2006 and December
2017 signed informed consent for sampling of biological specimens for research and at least one tissue
fragment was obtained from each patient. The latter was essential for a patient to be registered in the
biobank database. For the different procedures concerning the collection of the tissue samples, the

Cancers 2018, 10, 220

3 of 15

Cancers 2018, 10, x FOR PEER REVIEW

3 of 16

diagnosis and the selection of these specimens are made by one senior thoracic pathologist (MI, SL,
CB,
CB, EL,
EL, VH,
VH, PH)
PH) of
of the
the Clinical
Clinical and
and Experimental
Experimental Pathology
Pathology Laboratory
Laboratory (Nice
(Nice Hospital)
Hospital) during
during the
the
frozen
and the
the biobank
biobank are
are located
located in
in the
the same
same laboratory.
laboratory.
frozen section
section activity.
activity. The
The pathology
pathology laboratory
laboratory and
The
to to
thisthis
laboratory
with
tubes
allowing
to immediately
send the
fresh
The surgical
surgicalrooms
roomsare
areconnected
connected
laboratory
with
tubes
allowing
to immediately
send
the
resected
samples
for
frozen
section
procedures.
The
main
epidemiological
data,
the
type
of
histology,
fresh resected samples for frozen section procedures. The main epidemiological data, the type of
the
molecular
of the lungof
adenocarcinoma,
and the tumor
basedstage
on the
pTNM
histology,
the characteristics
molecular characteristics
the lung adenocarcinoma,
and stage
the tumor
based
on
classification
are
shown
in
Figure
1a–f.
The
data
concerning
frozen
tissues
(the
number
of
tubes
the pTNM classification are shown in Figure 1a–f. The data concerning frozen tissues (the number of
of
tumor
and
non-tumor
tissue) aretissue)
given are
in Figure
An average
of average
five samples
of samples
tumor and
of
tubes of
tumor
and non-tumor
given 1g.
in Figure
1g. An
of five
of five
tumor
non-tumor
from the
same
surgical
specimen
were
frozen. FFPE
were
also collected
and five of tissue
non-tumor
tissue
from
the same
surgical
specimen
were specimens
frozen. FFPE
specimens
were
for
3187/3798
(94%)
patients
(Figure
1h).
Blood
samples
(10
to
20
mL
of
whole
blood)
were
obtained
also collected for 3187/3798 (94%) patients (Figure 1h). Blood samples (10 to 20 mL of whole
blood)
from
(67%)
patients;(67%)
the products
are shown
in Figure
1h. in Figure 1h.
were 2541/3798
obtained from
2541/3798
patients;collected
the products
collected
are shown

Figure 1. Quantitative data. (a) Percentage and total sample number according to each Lung Cancer
Figure 1. Quantitative data. (a) Percentage and total sample number according to each Lung Cancer
Histology. (b) distribution by sex for all samples stored in the Biobank. (c) Smoking history. (d)
Histology. (b) distribution by sex for all samples stored in the Biobank. (c) Smoking history. (d) Density
Density plot of the distribution of the age of all patients by sex. (e) Percentage of different clinical
plot of the distribution of the age of all patients by sex. (e) Percentage of different clinical stagings.
stagings. Stage A (“A”) and Stage B (“B”) is given individually. (f) Main genomic alterations detected
Stage A (“A”) and Stage B (“B”) is given individually. (f) Main genomic alterations detected in the lung
in the lung adenocarcinoma patients. (g) Histogram demonstrating the number of aliquots for each
adenocarcinoma patients. (g) Histogram demonstrating the number of aliquots for each tumor sample.
tumor sample. (h) Number of samples stored in the Biobank by sample type.
(h) Number of samples stored in the Biobank by sample type.

2.2. Qualitative Data
The data are shown in Figure 2. The duration of warm ischemia (from clamping the arteries
during surgery to resection of the tumor specimen) depended largely on the complexity of the
surgical procedures and was consequently very variable (Figure 2a). The surgical specimens were
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The data are shown in Figure 3. The overall number of samples used for research projects
The data are shown in Figure 3. The overall number of samples used for research projects
compared to the number of samples collected increased progressively as of 2006 and so the ratio of
compared to the number of samples collected increased progressively as of 2006 and so the ratio of
storage/release of samples decreased progressively but stabilized as of 2013 (Figure 3a). Over time,
storage/release of samples decreased progressively but stabilized as of 2013 (Figure 3a). Over time,
the type of request changed with a decrease in the release of frozen tissue samples and an increase in
the type of request changed with a decrease in the release of frozen tissue samples and an increase
the number of requests for FFPE samples and for plasma. More particularly, since liquid biopsies
in the number of requests for FFPE samples and for plasma. More particularly, since liquid biopsies
began to be part of the clinical routine practice for most of the physicians taking care of lung cancer
began to be part of the clinical routine practice for most of the physicians taking care of lung cancer
patients, we observed a strong increase of requests for blood samples and of research projects aiming
patients, we observed a strong increase of requests for blood samples and of research projects aiming
to look for some predictive biomarkers through this noninvasive test [20–23]. Requests for several
to look for some predictive biomarkers through this noninvasive test [20–23]. Requests for several
types of samples from the same patient (blood, fixed and/or frozen tissue, blood and fixed tissue) also
types of samples from the same patient (blood, fixed and/or frozen tissue, blood and fixed tissue)
increased (Figure 3b). The number of publications mentioning the biobank as the source of the
also increased (Figure 3b). The number of publications mentioning the biobank as the source of the
biological samples used for research increased progressively over the years (Figure 3c). The studies
biological samples used for research increased progressively over the years (Figure 3c). The studies
concerning these publications were performed in partnership with scientists from the academic and
concerning these publications were performed in partnership with scientists from the academic and
industrial sectors [24–46]. The number of contracts concerning release of samples also increased and
industrial sectors [24–46]. The number of contracts concerning release of samples also increased and
then stabilized in 2012. These contracts were negotiated together with the research groups or the
then stabilized in 2012. These contracts were negotiated together with the research groups or the
centers for academic research in 59% of cases and with industrial partners in 41% of cases (Figure 3d).
centers for academic research in 59% of cases and with industrial partners in 41% of cases (Figure 3d).
The biobank established expert networks and national and international consortia involved in
The biobank established expert networks and national and international consortia involved in thoracic
thoracic oncology (www.oncoage.org) [47–51].
oncology (www.oncoage.org) [47–51].
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Figure 3. Activity of the Biobank. (a) Destocking and stocking of samples given over the mentioned
Figure 3. Activity of the Biobank. (a) Destocking and stocking of samples given over the mentioned
time frames. (b) Different types of samples were requested during the years as mentioned in the
time frames. (b) Different types of samples were requested during the years as mentioned in the legend.
legend. (c) Number of Publications mentioning the Biobank. (d) Number of Material Transfer
(c) Number of Publications mentioning the Biobank. (d) Number of Material Transfer Agreements with
Agreements with public institutions as well as private companies.
public institutions as well as private companies.

2.4. Diffusion of Information and Communication
2.4. Diffusion of Information and Communication
To diffuse information concerning the activity and function of the biobank, national and
To diffuse information concerning the activity and function of the biobank, national and
international communications were carried out regularly each year (Figure 4). The visibility of the
international communications were carried out regularly each year (Figure 4). The visibility of the
biobank was also increased through association with different national and international societies
biobank was also increased through association with different national and international societies
involved in biobanking (club 3CR, ESBB, Infrastructure Biobanque France, BBMRI). A master’s
involved in biobanking (club 3CR, ESBB, Infrastructure Biobanque France, BBMRI). A master’s
degree entitled «biobank and complex data management» was set up by the Université Côte d’Azur
degree entitled «biobank and complex data management» was set up by the Université Côte
(Nice, France) to teach students the profession of biobanking. The teaching was initially developed
d’Azur (Nice, France) to teach students the profession of biobanking. The teaching was initially
in partnership with the ESTBB of Lyon [52], and since 2016 a new course was set up in Nice
developed in partnership with the ESTBB of Lyon [52], and since 2016 a new course was set
(www.http://univ-cotedazur.fr/archives/english/uca-education/diplomas/biobanks-complex-data).
up in Nice (www.http://univ-cotedazur.fr/archives/english/uca-education/diplomas/biobanksIn partnership with several companies including IBM (Armonk, NY, USA) and ST Microelectronic
complex-data). In partnership with several companies including IBM (Armonk, NY, USA) and ST
(Geneva, Switzerland), the Nice Biobank developed some innovative technologies. This has led to the
Microelectronic (Geneva, Switzerland), the Nice Biobank developed some innovative technologies.
development of radio frequency identification (RFID) microchips for cryotubes, which can optimize
This has led to the development of radio frequency identification (RFID) microchips for cryotubes,
the traceability of the sample and provide information concerning the patient and the sample [53].
which can optimize the traceability of the sample and provide information concerning the patient and
Finally, in collaboration with Imagene (Evry, France) DNA of collections of frozen lung tissue was
the sample [53]. Finally, in collaboration with Imagene (Evry, France) DNA of collections of frozen
extracted, which was subsequently lyophilized and encapsulated at room temperature. This allowed
lung tissue was extracted, which was subsequently lyophilized and encapsulated at room temperature.
us to duplicate these collections, to set up mirror collections and to secure them at several sites.
This allowed us to duplicate these collections, to set up mirror collections and to secure them at
several sites.
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2.6. Identification of the Populations of Interest and Securisation by Sample Duplication
The duplication and storage of the collections at different sites (so called, mirror collections)
must assure ideal maintenance of the collections. Among the 3798 lung cancers, we identified a
certain number of duplicates. As mentioned above, we extracted and duplicated DNA samples,
and conserved the DNA at room temperature after lyophilization using a process of encapsulation.
However, since it was difficult to duplicate the whole collection of lung cancer, five major types of
samples were duplicated: (i) samples from non-smoker patients, (ii) samples with a sarcomatoid
carcinoma diagnosis, (iii) samples with a small cell carcinoma diagnosis, (iv) samples associated with
early stage carcinomas of small size (pT1N0M0 stage), and, (v) samples associated with advanced
stage or metastatic carcinomas (pTIIIB/IV stage). For the latter two types of tumor we distinguished
patients with short survival (<1 year) and those with long survival (>10 years) [55]. Around 15% of
the collection of frozen tissues (matched normal and tumoral tissues) was duplicated. We decided to
duplicate these samples of interest in a first step, since most of the requests and most of the research
projects were associated with these samples.
3. Discussion
A certain number of projects associated with the discovery and validation of several biomarkers
have emerged after the set up in 2006 and subsequent development of the biobank. These projects were
performed together with partners from both the academic and industrial sectors. A modification to the
strategy of collection of samples with principally collection of frozen tissue from the same patient; fixed
tissue and blood has allowed a number of specific requests to be fulfilled. To perform projects within
a scientific collaborative context, we proposed the expertise of the biobank. The implication in the
functioning of the biobank of six senior clinical and molecular pathologists (MI, EL, SL, CB, VH, PH)
has been very beneficial for the working of the biobank in lung cancer projects [56]. The increase in the
number of projects and in the release of samples associated with an MTA have allowed sustainability
and then optimization of the functioning of the biobank. Certification of the biobank located in
a hospital medical laboratory accredited according to the ISO 15189 norm, has certainly been an
important factor for the recognition by academic and industrial partners with whom collaborative
scientific programs were rapidly initiated. The biobank works closely with research groups studying
lung cancers. This has led to publications and consequently an increase in the visibility of the biobank
with respect to scientists wishing to obtain samples.
To better orientate short- and long-term strategies a “SWOT” analysis was performed. The main
results of this analysis are given in Figure 6. The major Strengths included: (i) a good balance between
the policy of the collection and the availability of samples for research projects, (ii) publication of
studies into lung cancer field that were made possible through the analysis of samples obtained from
the biobank, (iii) an economic model authorizing sustainability of the activities but also allowing
investments, which was made possible partly as a result of public-private partnerships which took the
interests of the respective parties into account [57], (iv) the development of innovative projects at the
biobank, (v) the duplication of collections of strong interest to ensure their safety, (vi) the creation of an
international master of sciences (MSc) dedicated to the management of biobanks and complex data and
finally, (vii) the integration of technical platforms allowing service provision but also the development
of research projects. The Opportunities included: (i) substantial development of clinical trials using
novel therapeutics (targeted therapies and immunotherapies); the validation of biomarkers must use
robust tests employing high quality blood and/or tissue samples, (ii) integration of validated sensitive
and specific novel technologies using biological samples, (iii) the need to collect increasing amounts of
increasingly complex clinical and biological data, in particular genome sequencing data, as well as the
participation of several staff members (clinicians, pathologists and biologists, but also mathematicians,
information scientists, lawyers and scientists related to social and human sciences) who optimize the
collection and use of the biological resources and, (iv) participation in thematic networks of excellence
to bring the competence needed to reply to requests of ambitious calls for proposals together; which is a

Cancers 2018, 10, 220

8 of 15

Cancers 2018, 10, x FOR PEER REVIEW

8 of 16

particularly important objective to be developed and maintained by the biobank [58]. The Weaknesses
that
emerged
from our
study included:
(i) the
difficulty
to collect
sequential
difficulty
to collect
sequential
clinical and
biological
data
associated
to the clinical
progressand
of biological
the patient
data
associated
to
the
progress
of
the
patient
after
surgery,
particularly
aside
from
the
blood
samples
after surgery, particularly aside from the blood samples obtained during regular follow-up,
it is
obtained
during
regular
follow-up,
it
is
difficult
to
obtain
these
tissue
samples.
Indeed,
if
obtained
difficult to obtain these tissue samples. Indeed, if obtained these samples are generally dedicated to
these
samples
are generally
dedicated
to decisions
therapeutic
and/or
decisions
concerning
therapeutic
strategies
and/or concerning
clinical trials,
(ii) the lowstrategies
number of
tissue clinical
samples
trials,
(ii)
the
low
number
of
tissue
samples
from
advanced
or
metastatic
phases
(stage
IIIB/IV)
since
from advanced or metastatic phases (stage IIIB/IV) since systematic collection of biopsies (bronchial
systematic
collection
of
biopsies
(bronchial
or
transthoracic
samples)
at
the
biobank
is
difficult
or transthoracic samples) at the biobank is difficult to implement, and, (iii) the current absencetoof
implement,
and, (iii)
the current
absence
of certain
biological
of interest for fluid
future
research
certain biological
sources
of interest
for future
research
projectssources
(feces, cerebrospinal
and
saliva).
projects
(feces,
cerebrospinal
fluid
and
saliva).
The
identified
Threats
included:
(i)
the
rapid
decrease
ina
The identified Threats included: (i) the rapid decrease in requests for frozen tissue samples when
requests
for
frozen
tissue
samples
when
a
high
number
of
samples
are
already
stored,
which
would
not
high number of samples are already stored, which would not decrease due to the absence of the
decrease
to the absence
the release of
the possibility
of failing
to integrate
genomic
release due
of samples,
(ii) theof possibility
of samples,
failing to(ii)integrate
genomic
data in
a prospective
and
data
in
a
prospective
and
systematic
way,
(iii)
the
impossibility
of
connecting
complex
information
systematic way, (iii) the impossibility of connecting complex information obtained from newly
obtained
from
newly developed
morphological
analyses (immunohistochemistry
associated
with
developed
morphological
analyses
(immunohistochemistry
associated with multiplexing
analysis),
multiplexing
fromthe
genetic
analysesvoluminous
and the increasingly
voluminous clinical data.
from geneticanalysis),
analyses and
increasingly
clinical data.

Figure 6. SWOT analysis of the biobank BB-0033-00025.
Figure 6. SWOT analysis of the biobank BB-0033-00025.

After performing the SWOT analysis, a number of measures were adopted by the biobank to
After performing
theactivities
SWOT analysis,
a number of measures were adopted by the biobank to
strengthen
the work and
(Table 1).
strengthen
the
work
and
activities
(Table
1).
Future perspectives on the biobank BB-003-00025 are to integrate many information and
Futuredata
perspectives
the the
biobank
BB-003-00025
to integrate
many
information
and complex
complex
associatedonwith
collected
biologicalare
samples.
In this
context,
the biobank
database
data
associated
with
the
collected
biological
samples.
In
this
context,
the
biobank
database
should
be
should be able to record different data obtained from research projects made with these biological
able
to
record
different
data
obtained
from
research
projects
made
with
these
biological
samples
in
the
samples in the future (such as whole genome sequencing and information from multiplex
future
(such as whole genome
information
from multiplex
immunohistochemistry).
Onesequencing
perspectiveand
would
be to collect
not onlyimmunohistochemistry).
tissues from surgically
One
perspective
would
be
to
collect
not
only
tissues
from
surgically
resected
specimen,
but
resected specimen, but also biopsies obtained during endoscopy and transthoracic
biopsies
asalso
well
biopsies
obtained
during
endoscopy
and
transthoracic
biopsies
as
well
as
specimen
collected
during
as specimen collected during fine needle aspiration of thoracic tumors. Finally, the collection of
fine
needle aspiration
of thoracic
tumors.
Finally,monitoring
the collection
sequential
biopsies
sequential
biopsies obtained
during
treatment
(at of
baseline,
after
surgeryobtained
or after during
the first
treatment
monitoring
(at
baseline,
after
surgery
or
after
the
first
line
of
treatment,
before
and
during
line of treatment, before and during the lung cancer relapse) will improve the development of projects
aiming to look for new prognosis and predictive biomarkers.

Cancers 2018, 10, 220

9 of 15

the lung cancer relapse) will improve the development of projects aiming to look for new prognosis
and predictive biomarkers.
Table 1. Key actions and policy orientations.
Main Bottlenecks and Limitations in Current
Functioning of the BB-0033-00025
-

Absence of specific collections (feces, saliva, etc.)
Low number of tumor samples from stage III/IV
Absence of tissue samples taken sequentially in
treated stage III/IV patients
Considerable quantity accumulation of frozen
tissue samples without end-user requests
Possibilities to do easy complex data request
(including large sequencing and highplex
immunochemistry results)

Proposed Solutions to Improve the Future Development for
Research Projects
-

To be set up systematically in 2018 in stage III/IV
patients only
New procedure allowing the transfer of some FFPE lung
biopsies stored in the pathology lab to the biobank *
Getting authorization from local ethic committee to
obtain samples during patient monitoring **
Interruption of frozen procedure for tumor tissues ***
Developing software for complex needs

* FFPE blocks from dead patients will be included in the biobank unless objection of the patient was notified during
his lifetime. ** Most of these samples could be obtained during clinical trials (and then stored in the biobank after
using and according to a favorable decision from the ethic committee) or for diagnostic reasons. *** This has to
be challenged case per case according to some histological types of lung cancer (as an example if small cell lung
carcinoma, frozen procedure should continue).

4. Materials and Methods
4.1. Global Strategy of the Nice Hospital-Integrated Lung Tumor Biobank/BB-0033-00025
The biobank dedicated to biological samples collected from patients with lung cancer who were
hospitalized at the Nice University Hospital (Pasteur Hospital, Nice, France) was set up and started to
operate in October 2006. Keeping in mind that this domain is highly competitive, we adopted a strategy
according to the different points cited below. The reasons for choosing to establish a biobank dedicated
to thoracic oncology at the Nice University Hospital included: (i) the motivation of a multidisciplinary
team composed of thoracic surgeons, lung oncologists, thoracic pathologists, biologists, statisticians,
scientists working in lung cancer field and biobankers, (ii) the opportunity to rapidly integrate
academic and industrial; local, national and international, research programs concerning lung cancer,
(iii) the capacity to prospectively collect clinical data associated to biological information in a database,
including the follow up and the clinical outcome of patients. The choice of lung cancer pathology
was also guided by the number of patients hospitalized and treated annually for lung cancer at the
Nice University Hospital (around 500 patients). From the start, it was considered essential to adopt
internationally recognized standards of good practice for the function of the biobank [59]. We chose to
diversify the types of biological resources collected from patients, including tissues frozen or fixed
in formalin and embedded in paraffin (FFPE) (tumor or non-tumor lung tissue), whole blood and
different blood products [plasma, serum, peripheral blood mononuclear cell (PBMC)]. The strategy of a
diversified collection was subsequently adapted in a prospective way to other collections (urine, pleural
effusion fluid) in response to the requests made by research scientists [17,60–62].
Selection of some populations of interest having a lung cancer was made in association with the
scientific committee of the biobank. To ensure safety and security of these collections of strong value,
they were duplicated and stored at several sites (creation of mirror collections).
A policy of pricing of the samples provided to scientists and of the formulation of contracts and
material transfer agreements (MTA) was elaborated in association with the research and innovation
department of the Nice University Hospital. The evaluation of these costs and their application
followed the recommendations formulated at a national and international level by taking the amount
of investment by the biobank and the level of the scientific collaboration into consideration [63,64].
The contracts signed by the scientists required them to cite the biobank in their publications, at different
levels depending on the implication of the members of biobank (co-author, citation in the material and
methods section or in the acknowledgments section). Initially the terminology referring to the biobank
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in these studies was rather variable, but to increase the recognition at the external level, the identity
«BB-0033-00025» was consequently adopted, complying with international recommendations [65,66].
The systematic collection of samples followed a precise protocol that included signed consent from
patients in the presence of the clinician after reading an informative note explaining the aims of the
collection of the samples [67]. An application for certification according to procedures according to the
S96-900 norm used in France was initiated in 2009 [68].
4.2. Surrogate Indicators
The indicators we used for monitoring were defined by expert working groups [69,70], however
they have been simplified in this article. Here, we give the main criteria followed since the creation of
the biobank. Over a period of 11 years, we collected information based on the following elements:
(i)

Quantitative data. The number of patients who gave signed informed consent for the collection
of their biological samples was registered each year. Frozen tumor tissue samples were initially
registered in the clinical-biological database. Associated clinical data to the biological samples
collection included smoking and professional exposure (s) history (obtained by means of a
questionnaire), patient and family medical history (including history of cancer), follow up
after surgery [tumor recurrence, metastatic site (s), progression free survival, treatment, overall
survival]. The aim was to associated the frozen tumor tissues with some other biological resources
including ideally for each patient frozen non-tumor tissue, fixed tumor and non-tumor tissue
included in paraffin, blood samples (whole blood, plasma, serum, PBMC). The fragments of
fresh tissue selected by senior thoracic pathologists were placed in cryotubes and weighed before
freezing. Depending on the size of the tumor and on the presence of non-tumor tissue several
fragments were frozen with a limit of eight fragments for each tumor and non-tumor tissue.
Likewise, the number of fixed tissue blocks and of tubes of sampled blood depended on the
amount of the available biological resource.
(ii) Qualitative data. The duration of warm and cold ischemia time for the tissue and of the delay between
the sampling of the blood and delivery/centrifugation in the laboratory were registered systematically.
Quality controls were performed monthly on two randomly selected tissues from cryotubes (one
frozen tumor tissue and one frozen non-tumor tissue) by analyzing the RNA integrating number
on an Agilent bioanalyzer. A block of fixed tissue (tumor and non-tumor), taken as a mirror sample
of the frozen sample, was sectioned and stained with hematoxylin eosin to confirm the tumor and
non-tumor character of the corresponding frozen sample and to quantify the percentage of tumor cells
and the presence of area of necrosis. These qualitative data reflected the handling of the pre-analytical
phase, indicators that are critical to the management of the biobank [71–73].
(iii) Data linked to the work. The ratio between the number of samples collected and stored and
the number of samples used for research programs (stocking–destocking ratio) was determined
annually. The accumulated impact factor of the publications citing the biobank was also noted
annually. The number of contracts and MTAs signed each year was monitored, distinguishing
between the contracts signed by the academic and industrial partners, both at the national and
international levels. Participation in thematic networks, groups of experts and consortium of
excellence and in granted research projects was included in this chapter.
(iv) Data associated to the dissemination of the activity of the biobank. This is certainly a challenging
criteria to be used for evaluation but several elements were noted: The number of conference
presentations, in particular on a topic relative to biobanking, the affiliation of the biobank
to international societies of biobanking, training support and teaching related to the activities
of biobanks.
(v) Economic data. The most critical indicators to monitor include the revenues and expenses since
they finally allow the biobank to adapt its working strategy. Annual evaluation of the budget
balance is required to invest, pay staff, maintain the equipment and develop innovative projects.
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5. Conclusions
The main missions of a biobank focusing on lung cancer include: (i) the possibility to provide
high quality and perfectly annotated clinical samples to research scientists to improve knowledge in
the pathophysiology and/or to discover and validate specific and sensitive biomarkers, and, (ii) the
opportunity to participate in the development of new treatments. The BB-0033-00025 biobank will
face a number of challenges in the future. Nowadays, it is necessary to regularly and systematically
collect samples (fixed and/or frozen tissues, blood, urine, etc.) before and after treatment, before
each treatment modification or during periods of loco-regional tumor progression as well as at each
metastatic episode [74,75]. The possibility of developing intravital biobanks provides an opportunity
to test novel therapeutics in in vivo models [76]. This will be a major contributor to research different
biomarkers of resistance and tumor progression [76]. The automatic acquisition of digital images of
the morphology of the different frozen and/or fixed tumor tissues provides an added value to the
biobank, permitting easy access to important information such as the histological type, the results of
immunohistochemical analyses, the percentage of tumor cells and the areas of necrosis [77].
A biobank dedicated to a defined pathology must also possess expert staff and should participate
in the set up and development of research projects. Thus, a biobank must attain recognition through
scientific publications. Therefore, in addition to collecting samples and clinical information, performing
quality control and ensuring secure storage, a biobank must provide an associated technological
platform that permits participation in projects as well as providing a service that assures a durable
economic model. These include the platforms for immunohistochemistry and in situ hybridization
using multiplexing approaches, genomic targeting (qPCR, digital PCR), next-generation sequencing,
tissue microarrays, analysis of circulating tumor cells, etc. [28,61].
One of the fears of the head of the biobank relates to the accumulation of biological resources for
which no requests are formulated. This can occur independently of the initial set up of the biobank
and the available budget. So, to ensure the function and optimization of the external visibility, it is
essential to maintain a dynamic strategy and thinking process concerning the approaches of choice by
involving all the members of the biobank.
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