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Introduction

Biobanks are key research infrastructures aimed at the collection, storage, processing,
and sharing of high-quality human biological samples and associated data for
research, diagnosis, and personalized medicine. The Biobank for Translational and
Digital Medicine Unit at the European Institute of Oncology (IEO) is a landmark in
this field. Biobanks collaborate with clinical divisions, internal and external research
groups, and industry, supporting patients' treatment and scientific progress, including
innovative diagnostics, biomarker discovery, and clinical trial design. Given the central
role of biobanks in modern research, biobanking standard operating procedures
(SOPs) should be extremely precise. SOPs and controls by certified specialists ensure
the highest quality of samples for the implementation of science-based, diagnostic,
prognostic, and therapeutic personalized strategies. However, despite numerous
efforts to standardize and harmonize biobanks, these protocols, which follow a strict
set of rules, quality controls, and guidelines based on ethical and legal principles, are
not easily accessible. This paper presents the biobank standard operating procedures

of a large cancer center.

Biobanks are biorepositories aimed at the collection, storage,
processing, and sharing of human biological samples and
associated data for research and diagnosis. Their role is

crucial not only for biomarker discovery and validation but

also for the development of new drugs1. Hence, the vast
majority of translational and clinical research programs rely on
access to high-quality biospecimens. In this respect, biobanks

are considered a bridge between academic research and the
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pharmaceutical/biotechnology industry2'3’4’5. Owing to the
unprecedented opportunities provided by big data collection
and artificial intelligence, the role of biobanks in cancer

research is continuously evolving®.

The broad spectrum of biomaterials handled by biobanks
is coupled with clinicopathologic information, including
demographic and environmental data, tumor type, histologic
grade, stage, presence of lymphovascular invasion, and
biomarkers status’-8. The more high-quality specimens and
data are available, the faster research will advance and
impact healthcare deliveryg. There is a strict regulatory
framework based on ethical and

legal principles that
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should follow widely adopted SOPs, quality controls, and
guidelines (e.g., the U.S. National Cancer Institute, the U.K.
Confederation of Cancer Biobanks, and the E.U. International

Society for Biological and Environmental Repositories)'?: 1.

The development of SOPs for all major aspects of
biobanks brings several advantages in terms of quality,
traceability, consistency, reproducibility, and turnaround
times'2:13_ Another important aspect of SOP implementation
is represented by the optimization of biobank management,
which allows for better problem-solving and alternative

procedures for biobank employees and researchers'. All of

these facets are part of the biobank workflow (Figure 1).

Patients
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P
~

=
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Figure 1: Different factors that contribute to the optimization of biobanking. Abbreviation: LIMS = laboratory information

management system. Please click here to view a larger version of this figure.

These highly specific and sensitive data require stringent
managerial standard procedures in biobanking. A detailed

and validated project form should be made available to all

researchers who need to get access to the biobank samples
and data. The information provided in the request should

include the study methodology and design, goals, objectives,
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and budget. A biobank Technical Scientific Committee should
be established with the capital role of the evaluation of
applications for research projects. This body should include
members from the biobank unit, clinical divisions, research
groups, data protection, legal office, and technology transfer

office.

The Biobank for Translational and Digital Medicine Unit of the
European Institute of Oncology (IEO) is a worldwide reference
for biobanks in terms of the quality and quantity of services
provided, as well as innovation. This fully certified facility
(UNI'EN ISO 9001:2015-Certiquality) is an integral part of the
BBMRI-ERIC ltalian node (i.e., Biobanking and BioMolecular
Resources Research Infrastructure) and interacts with both

clinical units and research infrastructure.

There is great heterogeneity in the types of biospecimens
stored by biobanks. These include tissue samples-either
fresh-frozen or paraffin preserved-biofluids (e.g., plasma,
serum, blood, urine, stool), cell cultures, and peripheral
blood mononuclear cells (PBMCs). Our biobank operates
synergistically with the European research infrastructure
for biobanking (BBMRI-ERIC), which is one of the largest
biobank networks in Europe and provides a portal for
access to biobanks and biomolecular resources coordinated
by national nodes'®. In addition to BBMRI-ERIC, the
International Society for Biological and Environmental

Repositories (ISBER) has also played an important role in the

standardization of operating procedures for biobanking®.

The Biobank Unit, which is part of the Division of
Pathology, is committed to the centrality of the patient,
support for the development of clinical research, continuous
improvement, the enhancement of human resources,
international collaboration, support for training events, safety

in the workplace, and scientific and technological growth.

The common vision is to set up the national and European
landmarks for biobanks in terms of the quality and quantity
of services and innovation. The collected biological samples
are used to identify new biomarkers and new drugs (e.g., to
develop increasingly personalized therapies) and to ensure
the best available treatment for patients through excellence

in research.

Each biological specimen is collected and handled after
prior verification for the presence of the Scientific Research
Participation Agreement expressed by the patient15.
Biological collected specimens are used to conduct research
projects or clinical trials and include excess (i.e., not
needed for diagnostic purposes) pathologic and non-
pathologic surgical samples, liquid biopsies (e.g., blood,
serum, plasma, and urine), and other biological specimens.
These biomaterials are stored according to dedicated
cryopreservation protocols. This paper provides the biobank

protocols of a large cancer center.

Protocol

This protocol focuses on the SOPs used for breast,
ovarian, prostate, lung, and colon cancer. All the procedures
described here were approved by the Scientific Technical
Committee, Ethics Committee (EC), and the Directors
of Breast, Gynecology, Urology, Thoracic surgery, and
Digestive System Surgery Programs. The study procedures
follow the Declaration of Helsinki of 1964, the General
Data Protection Regulation (GDPR) act of 2018, and
the subsequent amendments. An institutional Research
Participation Agreement (RPA), derived from the GDPR act,
represents the informed consent obtained from all patients
to collect biological samples and personal, clinical, and

genetic data. The RPA was obtained from all patients for
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storing, processing, and using the obtained data for scientific

purposes.

1. Prerequisites of biological samples

1. Check whether a patient meets the conditions for
enrollment based on the RPA and projects protocol and

provide a detailed RPA description to all patients.

1. Increase patient engagement, e.g., broadcast an
educational cartoon video in waiting rooms to inform
the patients about the importance and the impact
of RPA. Provide gadget bookmarks to all the

patients (see the freely accessible short cartoon

animation at https://www.ieo.it/it/PER-I-PAZIENTI/ 3.

I-diritti-del-paziente/Consensi-informati/ and https://

vimeo.com/679070846).

2. Train the personnel to carry out the consent
administration during each hospitalization phase
and provide additional information if the patients
participate in a specific study.

NOTE: If the RPA is not signed, biological samples

are not collected.

3. Avoid including cases that have presented infection
by SARS-CoV-2 (COVID-19), hepatitis B (HBV),

hepatitis C (HCV), and human immunodeficiency

virus (HIV). 4.

2. Biobank software

1. Use laboratory information management system (LIMS)

software to track all biological samples. Ensure the

availability of a good operating system that automatically
obtains personal and clinical information at patient
registration and can be integrated with medical records,
administrative cases, RPA, and patient pathological data,

as shown in Figure 2.

Ensure the recording of the biological samples using the

biobank software.

1. Identify patients using codes. Assign a unique code
to each individual, which matches the medical record
number (individual visit, type of patient's service).
NOTE: During registration, the Scientific RPA is

electronically updated in the operating system.
Generate an aliquot ID

1. Indicate the year and the anatomical site or biofluid
type (Table 1) from which the sample originates
(Table 2), and add a progressive unique number per

sample.

2. For bilateral organs, add a sequential number to
distinguish the origin of the biological sample from
the right or left organ. Assign the abbreviation with
the suffix 1 (for the left) or 2 (for the right)-two digits.
NOTE: For instance, a detailed ID looks like "12-
B-00100-01", where 12 indicates the year, and B

indicates the organ = breast.
Register with an ID for each aliquot

1. Track two macro types of biological samples: solids

and liquids.

2. Divide into subcategories: fresh samples and frozen

samples.
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Figure 2: A representative interface of biobank LIMS. The Scientific RPA is electronically updated from the clinical record

server. Abbreviations: LIMS = laboratory information management system; RPA = Research Participation Agreement. Please

click here to view a larger version of this figure.

Table 1: Biofluid types and corresponding codes. Please

click here to download this Table.

Table 2: Tissue sample types and corresponding codes.

Please click here to download this Table.

3. Sample collection 2.

1. Daily surgery plan preparation

1. Determine whether the patient has signed the RPA

or not and if they are eligible.
2. Check the following conditions:

1. Verify patient's compliance with the inclusion
criteria: report any positive case of HIV, HBV,
HCV, and COVID-19 in the appropriate infective
risk "RI" field to avoid collecting biological

specimens.

2. Verify whether the patient is enrolled in a clinical

trial or specific approved research project by

correctly completing the Study/Project field in

each patient profile.

3. Inform technicians if the risk of infection
is unknown; discard specimens with positive

results or unknown risks.

Process and store samples in the biobank, as presented

in Figure 3.

1.

Collect fresh and frozen tissue samples related to

patients who underwent surgery.

Collect cytological samples, either by aspirative or
esfoliative techniques, for surgically removed small

lesions.

Collect biological fluids (e.g., blood, serum, plasma,
PBMC, buccal swab, urine, feces, and ascites) of
patients in the prehospitalization stage, patients
enrolled in clinical trials, and any other subject

involved in approved screening projects.
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tissue aliquot  tissue aliquot
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Figure 3: Sample hierarchy. From a single patient, several subcategories of episodes are processed and stored in the

biobank. Abbreviations: PMBCs = peripheral blood mononuclear cells; LIMS = laboratory information management system.

Please click here to view a larger version of this figure.

4. Blood sample collection

1. Collect the patient's blood in 6 mL vacutainers containing
the anticoagulant Nap2 EDTA (7.2 mg, spray-dried).
Register the vacutainers labeled with the number of the
medical record and the episode code and process them

in two different ways: fresh or frozen.

For fresh samples, register the blood samples in the
biobank software. Label the vacutainers with the biobank

ID code and deliver them to the authorized users.

For frozen samples stored in the biobank, prepare two
Cryobank 2D coded tubes, each of 900 pL of blood
(Figure 4). Register the aliquots in the biobank software,
place them on a specific barcode plate, and store them

in freezers (—-80 °C) to ensure a constant temperature.

Copyright © 2022 JoVE Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported jove.com

License

November 2022 -189 - €63950 - Page 6 of 15


https://www.jove.com
https://www.jove.com/
https://www.jove.com/files/ftp_upload/63950/63950fig03large.jpg

jove

i
N1

Figure 4: Frozen sample materials. (A) 2D barcode tubes, (B) barcode reader for single tube, and (C) tubes' plate for

registration and storage. Please click here to view a larger version of this figure.

5. Serum sample collection 6. Peripheral blood mononuclear cell isolation

1. Collect patient's blood in 6 mL vacutainer "plastic serum 1. Open the laminar flow hood and clean it with 70%

tubes" containing spray-coated silica to induce clotting. ethanol. Prepare the bag for biological waste, sterile 1x

Leave the vacutainers for 3 h at room temperature (RT) phosphate-buffered saline (PBS), and one empty sterile

to induce clotting, and then centrifuge at 828 x g for 10 50 mL conical tube.

min at 20 °C. 2. Pour the blood (from EDTA collection tubes) into the
2. Store serum (450 pL) in 0.5 mL Cryobank 2D coded empty sterile 50 mL conical tube and dilute it 1:1 using

tubes with a total of 3-4 aliquots for each sample. If the sterile 1x PBS (e.g., 15 mL of blood + 15 mL of 1x PBS).

serum volume of the last aliquot is less than 450 pL, Use the PBS to rinse the blood tube.

specify it as "LEFTOVER" during registration to track the 3. Centrifuge the tubes at 400 x g for 30 min at 20 °C and

correct amount of serum frozen. process the tubes under a biohazard hood. Recover the

3. Register the aliquots in the biobank software, place them middle white layer containing PBMCs using a Pasteur
on a specific barcode plate, and store them in freezers pipette and place it in a new sterile 50 mL conical tube.
(80 °C) to ensure a constant temperature. Add up to 45 mL of PBS to wash the PBMCs, mix, and
NOTE: The number of aliquots depends on the initial centrifuge at 400 x g for 10 min at 4 °C. Recover the
amount of whole blood taken and the amount of serum pellet, resuspend it in PBS, and count the cells using
obtained. disposable Burker chambers.
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NOTE: The volume of PBS depends on the pellet. From
15 mL of blood, ensure a resuspension volume of 2-3 mL
and then a dilution of 1:10 to count. Use equation (1):

Mean of 3 squares x 10,000 x dilution factors x mL of

resuspension volume = number of total cells (1)

Wash the PBMCs again with PBS, mix, and centrifuge at

400 x g for 10 min at 4 °C. Dilute the PBMCs at 2-3 x 108
cells/mL in freezer medium (fetal bovine serum (FBS) +
10% dimethyl sulfoxide [DMSQ)]). Prepare Cryobank 2D
coded tubes by transferring 1 mL of resuspended cells
into each cryotube, place them in a specific cryo box, and
store them at —80 °C as soon as possible.

NOTE: Freezer medium is composed of FBS with sterile
10% DMSO and stored in aliquots at -20 °C for up to
6 months. Once slowly thawed at 4 °C, it must be used

within 2 weeks.

7. Plasma sample collection

Collect the patient's blood in 6 mL vacutainers containing
the anticoagulant Nap EDTA (7.2 mg, spray-dried).
Centrifuge the vacutainer containing the whole blood at

2,000 x g for 10 min at 4 °C to separate the plasma.

Remove the upper layer of the plasma using a 3 mL
Pasteur pipette, transfer to a sterile 15 mL conical sterile
tube, and centrifuge at 16,000 x g for 10 min at 4 °C to
eliminate contaminating blood cells. Transfer the plasma

into 1 mL Cryobank 2D coded tubes.

Register the aliquots in the biobank software, place them
on a specific barcode plate, and store them in a freezer

(—-80 °C) to ensure a constant temperature.

8. Stool and buccal swab sample collection

Collect feces and buccal swabs in 15 mL tubes
containing the following specific solution: 50 mM Tris-

HCI, 10 mM NaCl, and 10 mM EDTA, pH 7.5.

Register the tubes in the biobank software. Label the

tubes with the biobank codes.

Store the feces and buccal swabs at 4 °C in the biobank

fridge.

9. Tissue processing

Have tissue samples examined by a pathologist to
determine whether the material that is not necessary for

diagnostic procedures is sufficient for research purposes.

NOTE: When the volume of tissue is less than 1.5 mm3,
it is either stored in OCT or provided as a fresh sample

(A) linked to a specific research request.

Whenever possible, collect even the non-pathological
counterpart (NP) of the pathological tissue (P). Place the
samples in sterile cell culture Petri dishes labeled as P
and NP (Figure 5). Keep the tissue on the ice at 4 °C
and divide it into three parts each (A, B, and C) if enough

material is available.

1. Fresh tissue samples (A): place fresh aliquots
of P and NP tissue in tubes with the appropriate
culture medium defined in each specific protocol and
send them to external research units (e.g., research

laboratories).

2. OCT tissue samples (B): place fresh aliquots of
P and NP tissue in cryomolds, fill them with OCT
resin (10.24% polyvinyl alcohol, 4.26% polyethylene

glycol, and 85.5% non-reactive ingredients), and
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immediately place them in a flash-freeze apparatus 3. Store the plates at -80 °C
at -80 °C.
NOTE: At =80 °C, OCT-embedded tissue takes from

NOTE: For each frozen OCT aliquot, perform a quality
check test before distribution and its usage to have a
60-150 s to freeze. histologic evaluation, as described in section 11.
3. Tissue samples (C): place the remaining tissue

samples in Cryobank 2D coded tubes in the flash-

freeze apparatus.

| Quality

. [
i/ ' UMsregistration /| <heck @
— -’ and Biobank labeling
Tissue samples .
aliquo
B LT

Flash freeze and
storage

Tracked sample
distribution after m
Institutional approval

Tracked temperature-controlled
+ sample distribution after
Institutional approval

Figure 5: Biobank workflow for tissue samples. Abbreviations: LIMS = laboratory information management system; OCT

= optimal cutting temperature. Please click here to view a larger version of this figure.

. . cryosection18. Analyze the morphology of the tissue
10. Tissue freezing

under an optical microscope19.
1. Freeze tissue quickly in isopentane vapors using a flash- NOTE: The sections have a suitable thickness from 3-12
freeze apparatus. Put the tissue samples in isopentane at um.

=120 °C for 3 min and store them in the cryopreservation 1. Fill out a specific form (Table 3).

rooms at ~80 °C. Table 3: Quality control form of OCT-embedded and

NOTE: Two methodologies are used for freezing frozen tissue sections. Abbreviation: OCT = optimal cutting

samples of tumor and healthy tissue using flash freeze to temperature. Please click here to download this Table.

maintain the integrity of the nucleic acids.

12. Request and retrieval of specimens for

11. Tissue quality control
research purposes

1. House the cryostat instrument in a refrigerated container
1. Request stored aliquots:
at a temperature between -20 ° C and -40 ° C, and
1. Obtain a completed form with the research project

cut a few cryosections from the OCT block'”. Perform

name, principal investigator (Pl), pickup date, and
hematoxylin and eosin (H&E) staining on the tissue P P g (PD). p P
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a brief description. Run a query on the software
database (DB), select the aliquot, generate a pickup
list for the technicians, and check the barcode for
each retrieved aliquot.

NOTE: To obtain samples from the biobank,
researchers from our institute or external
collaborators (for-profit or not-for-profit) must apply
using a specific form, and the project is evaluated
by a technical-scientific committee and the Ethics

Committee.

Representative Results

Following the SOPs described above, we collected a total
of 38,446 annotated biological liquid biopsies and a total
of 10,205 tissue samples from April 2012 to December
2021 (Figure 6A). In addition, we analyzed in detail the
collected samples from the Divisions of Urology, Gynecology,
Senology, as well as the Divisions of Head and Neck,
Abdominal-Pelvic, and Thoracic Surgery. The highest number
of tissue samples we collected were from breast tumors

(Figure 6B,C). Since 2019, we have also started collecting

other biological specimens, such as urine, stool, and buccal
swabs, following the significantly increased demand over the

years (Figure 6D).

As shown in Figure 6A, the amount of collected samples,
especially tissues, during 2020-2021 suffered due to the
COVID-19 pandemic and the related reduction in oncologic
procedures. Importantly, scientific work did not diminish
during this period due to the use of properly stored and
annotated biobank samples collected in the previous years.
Proper collection of biological specimens and associated
clinicopathological data allowed us to have a well-structured
and competitive retrospective and prospective biobank. To
this end, the selection of the surgical specimen must be
performed by the pathologist, both to ensure a correct
diagnosis and have the opportunity to conduct research
with appropriate tissue specimens. In our biobank, specific
work procedures are firmly established and followed, so
that we apply standardized procedures that comply with the

certification ISO 9001 in the context of biobanks for research.
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Figure 6: Biobank cumulative collection of biospecimens at the European Institute of Oncology, from 2012 to 2021.

Cumulative collection of (A) tissue samples (orange curve) and blood with serum samples (blue curve); cumulative collection

of (B) breast tissue samples (red curve); cumulative collection of (C) ovary tissue samples (green curve), prostate (grey

curve), lung (light blue curve), and colon tissue samples (yellow curve). From 2019 to 2021, cumulative collection of (D)

additional biological samples: feces (blue line), a buccal swab (pink line), plasma (light green line), and urine (violet line).

Please click here to view a larger version of this figure.

Discussion

Although oncology has made tremendous advances,

cancer remains a leading cause of morbidity and
mortality worldwide20. Understanding tumor heterogeneity,
its temporal evolution over time, and the outcomes of
targeted treatment are strictly dependent on accurate data
collection in the context of routine clinical care?!. In this
respect, the "multi-omics" approach is gaining momentum
in oncologic predictive pathology22. The traditional tissue-
based biomarker assessment is being integrated using
multiple new bioanalytes, such as blood, plasma, urines,
saliva, and stool?3:24:25.26  Therefore, biobanks are now

recognized as pivotal infrastructures to enhance clinical

practice. Looking back at the history of cancer research,

we realize that the most impressive and groundbreaking
discoveries would never have been possible without direct
examination of cancer tissue or liquid biopsies. Over time,
the source of cancer tissue and the type of liquid biopsy to
be examined has evolved from crude dissections, random
"chance encounters”, and in some cases, illicit trafficking to
organized cancer collections and strategic modern oncology
banks. Consideration of many ethical issues has changed
considerably both in practice and in the main factors
that distinguish modern oncology banks from the oncology

collections of the past.

Due to the advances in cancer research and the vast

amount of molecular information that is now provided by
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modern technologies, it is becoming more and more evident
that biobanks, particularly those in cancer centers, may
face several types of methodological issues. Among these,
technology has become a universal challenge that still
prevents SOP standardization and harmonization. Another
critical aspect for maintaining core biobank activities is to
have an integrated LIMS software able to receive and
automatically maintain all hospital IDs and all the codified
clinical data coming from the hospital's software. It is
noteworthy that other valuable software used to manage
biobanks and some freeware can be obtained for biobank
managing”*zs'29*30’31 . Another critical step in biobanks is
the implementation of the participation pact for all patients and
the legal and ethical agreement necessary for the storage of

clinical data and biospecimens10’32.

In this regard, this protocol has well-defined guidelines that do
not permit the collection and storage of biospecimens in the
absence of consent. This is also a critical issue since patients
can withdraw their participation even after their samples have
been stored; thus, methods to rapidly take such samples
out of the biobanking system have been implemented.
Biospecimens that arrive from patients recruited by our
biobank follow strict protocols for collection and storage. In
this regard, several important aspects have been evaluated
to monitor this process and are being continuously improved.
In particular, ISO9001 certification requires several indicators
of performance, such as warm ischemic time, which has to
be maintained for under 30 min or 60 min depending on
the source of the tissue. Additionally, liquid biopsies and
biological fluids are collected using standardized protocols

following strict time procedures15'33'34’35'36.

Specific features are of great importance in biobanks'

workflows. These include the presence of a -certified

pathologist, which guarantees the sampling of the tissue for
diagnostic reasons, and the collection of tissue for biobanking
in a time frame compatible with a high quality of samples
(ischemic time is an important indication for some types of
research, such as RNA-dependent assays, which require
less warm ischemic time). Moreover, managing the space
required for specimen storage is of great importance in
biobanks. The number of collected liquid biopsies could be
driven by the study design. Liquid biopsies may often be
collected both during the preoperative and the follow-up

period, as defined by each study design.

Owing to screening campaigns for cancer prevention and
the early diagnosis of tumors, i.e., small-sized breast tumors
at early stages of development, as well as the availability
of minimally invasive surgical techniques, have reduced the
number of tissues samples available for research (as most
tissue samples are always used for diagnostic purposes).
The capacity to collect and store biological specimens
has improved considerably over the last few years. This
could be observed for biological fluids, reflecting the
increased capacity of this biobank to support this institute's
research groups in the growing demand for patient-derived
annotated material. Despite these improvements, we have
experienced some limitations for multi-center studies that
require coordination between biobanks from different parts
of the world, which can be integrated only by implementing

similar procedures.

Having ruled out most of the ethical and technical issues
regarding biobanking, including the collection of all clinical
and demographic information, the next goal is to implement
the digitalization of all the histological preparations and
staining used for diagnosis and research purposes. This is

of fundamental importance for the next generation of studies
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that will greatly benefit from a fully integrated digital pathology
and biobank, which is going to become the standard for the
future. Only a large series of patients with integrated data and
digital images may fuel multi-center, large artificial intelligence
(Al) studies for the improvement of cancer patient care. In
conclusion, we believe that good healthcare does not end
with diagnosis and treatment. Best practices comprise finding
the ways of continuous diagnosis and treatment improvement
for any disease, in particular ones that severely affect life

expectancy or quality.
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