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Summary

The present review outlines the current information avail-
able about biobanks including: summarizing the main ethi-
cal issues encountered when integrating patient samples in
research projects; emphasizing the importance of biobanks
as the basis for any personalized medicine therapies in can-
cer with a particular focus for oral cancer, through the use

Introduction

The discovery and rapid development of per-
sonalized medicine is now dominating the diag-
nostic, prognostic and therapeutic approaches tak-
en toward a variety of diseases including cancer.
This emphasis on patient genetic and molecular
profiles stimulates an ever increasing demand for
biobanks. The development of these personalized
therapies toward disease incorporates the organi-
zation of patients according to their genetic pro-
file, lifestyle, risk factors and demographic char-
acteristics which are inherent to biobanks; not to
mention that biobanks can provide the physical
samples essential for experimentation. In partic-
ular, oral cancer could be an essential contribu-

of biomarkers; and providing examples of biobanks that use
anonymous sample collection and labelling methodologies
to help alleviate the problems of privacy, informed consent,
data security as well as public trust.
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tor to the establishment of biobanks because of
the non-invasive samples that can be obtained
from patients [1]. The genetic material obtained
from these samples could reveal the genes re-
sponsible for the activation of early carcinogenic
mechanisms, disease progression or metastasis
[2]. Therefore, oral cancer can facilitate the de-
velopment of a representative disease model us-
ing biobanks that could be applied to all cancers.

More than 90% of the patient cases with oral
cancers are oral squamous cell carcinoma (OSCC)
which occur on the epithelial lining of the oral cav-
ity [3]. Due to the non-invasive approach of obtain-
ing saliva biosamples, patients would more readily
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donate, thereby, intensifying the necessity for bio-
banks because of their storage capabilities. It is
important to note that the lack of standardization
for collection and processing protocol exists for all
biosamples. The differences in the factors related
to collection and processes raises the question of
whether salivary biomarkers can be compared be-
tween labs [3], thereby, oral cancer could provide
the initial step toward implementing a standard-
ized biobanking system, concurrently resolving
ethical, sample collection and processing protocols.

Genetic variation, with regard to personalized
medicine, regulates disease susceptibility and
drug response. Monitoring these genetic varia-
tions in both healthy individuals and patients can
be accomplished through biobanking storage of
biomarkers. All of this hinges on the public’s trust
and willingness to donate their biosamples. The
focus of the public’s attention shifted from the im-
portance of the establishment of biobanks to the
ethical issues that have arisen from un-standard-
ized informed consent and more specifically, the
grade of restriction that the informed consent im-
poses on the patient samples toward the research
in a particular project or further experimentation
in future projects. Therefore, the implementation
of an ethical framework cannot be delayed. Science
and ethics need to progress in accord not only to
gain the public’s trust but also to ensure proper
implementation of advanced research projects.

The biobank, in its simplest and most encom-
passing definition, is a repository for the organ-
ized collection of biological samples associated
to personal health information that will be used
for biomedical research [4,5]. The Pan-European
Biobanking and Biomolecular Resources Research
Infrastructure (BBMRI) grouped biobanks into two
categories: population or disease-based. Popula-
tion biobanks are concerned with the evolution of
different conditions over time while disease-based
biobanks target specific diseases from the patient
sample in order to develop personalized forms of
treatment [6]. These biobanks are best utilized to-
gether; for example, population-based biobanks
depend on the results of clinical biobanks for the
precise characterization of phenotype and molecu-
lar profiles, while clinical biobanks need biologi-
cal matter collected at earlier time points from
the population-based cohorts for controls [7]. The
increasing number of biobanks in oral health and
personalized dentistry demonstrate the impact
that biobanks have in this post-genomic era [8-11].
One example is the Malaysian Oral Cancer Data-
base and Tissue Bank System (MOCDTBS) that
preformed a compressive clinical data collection
with emphasis on the environmental factors [12].

Ethics

The concept of informed consent was first
established by the Nuremberg Code which neces-
sitated the voluntary consent of the human sub-
ject in a full legal capacity. Furthermore, well-in-
formed understanding of the research should be
given such as: the nature, duration and purpose of
the experiment; the methods and means to which
it was conducted; all reasonable risks and hazards
to be expected; and the health benefits for the pa-
tient is possible from participation in the experi-
ment [13]. These requirements have been modi-
fied since then into the Declaration of Helsinki; the
latest of them was in 2013, adding that research
participants should know the sources of funding,
possible conflict of interests, intended benefits and,
most importantly, the right to withdraw. Further-
more, specifically relating to biobanks or similar
repositories, the physician must seek informed
consent for the collection, storage and use of iden-
tifiable human material or data [4,13]. For biobank-
ing, these standards of informed consent can be
extremely problematic for four reasons: firstly,
informed consent only applies to the participant
and genetic information is connected to all the
participant’s family/relatives; secondly, due to the
nature of research, consent cannot always be in-
formed at the time since the future of the project
is not known; thirdly, biobanks are a resource for
research projects and do not in fact carry out the
research; fourth, the “right to withdraw” may not
always be possible for biobanks [9,13].

Consent is the main and largest issue with re-
gard to the establishment of a biobank. Consent
is the participants’ right to decide whether dona-
tion from their body in the form of a biospecimen
can be used for research purposes. All authors
and researchers strongly agree that participants
without consent should not donate or come to
any risk from the research being done. Further-
more, they also agree that consent should be done
in an informed manner such that the participants
understand the purpose of the research, expected
benefits and risks associated. To ensure additional
protection, respect and trust, a majority of authors
support the notion of withdrawing consent [5].
Therefore, the issues surrounding consent do not
revolve around intention but rather the type of
consent given. There are four types of consent that
can be given: firstly, broad consent which is a gen-
eral form giving researchers the ability to freely
use the collected samples in any research project
without necessitating the new consent for a future
or new project; secondly, partially restrictive con-
sent which means that the participant allows the
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collected samples to be used in any studies that
are connected to the one they initially gave com-
pliance; thirdly, multi-layered consent gives the
participant options explained by the researcher in
detail; lastly, specific informed consent which al-
lows the participants’ samples to only be used in
the particular study and does not allow for the sam-
ple to be used in any other study or context. One
distinction that needs to be made is that broad con-
sent does not mean blanket consent to all uses. In
agreement with legislation in many countries, con-
sent refers only to use in biomedical research, for
example not commercial or forensic practices [14].
There is no consensus between researchers
over which is the best type of consent to be given.
Some argue for a standardized universal consent
to ensure repeatability of protocol and comparable
results, while others feel that this type of consent
does not take into account geographical, social
and religious differences of the participants which
must be taken into consideration [5]. One method
of taking all of this into consideration would be
to establish an ethical review board as a separate
entity from the biobank and use it to govern the re-
search being done. Ethical review board would be
formed locally, meaning that they would take into
account geographical, social and religious differ-
ences of the participants. Furthermore, these ethi-
cal review boards provide the legal frameworks
for the biobanks, thereby, ensuring the appropri-
ate use of the samples and participant protection.
By doing all this and integrating the public into
the research decision-making process, public trust
would be maintained and encouraged [5,15].
Some researchers argue that there is no in-
formed consent that can be given because research
by nature is specific and that there is not enough
information to fully inform the participants [13].
Generally, research is aimed at answering an un-
known question, or phenomena, in a specific field
and this means that at the time of consent there
is little information to inform the participant
about risk. The Declaration of Helsinki assumes
that consent takes place at the beginning of the
research where the future aims, benefits and risks
are known. However, this is not the case with
biobanking where the goal is to acquire large col-
lection of biospecimen samples representative of
a population for un-specified research [14], such
that research institutions can later draw from this
bank for accurate high-quality samples for experi-
mentation. It is true that research institutions can
establish biobanks prior to the project or as a part
of the project itself, however, the goal remains the
same. The main argument would be that biobanks
provide the way consent can be informed. One
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example is the UK biobank which specifically
states that it is a resource for supporting diverse
range of research intended to improve prevention,
diagnosis and treatment of illness, thereby, pro-
moting health throughout society. It is impossible
to predict how the research will progress and what
discoveries will be made, which can then modify
the research objective from what it was initially. In
conclusion, the future-oriented nature of biobanks
makes it impossible for consent in biobanking to
ever be fully informed. Consent lies with the re-
search institution because biobanks just store in-
formation like a library. Research institutions use
biobanks, meaning that the consent should be in
terms of the research and how the samples will be
used [13].

Two practical problems that have arisen re-
garding consent from biobanks under the Dec-
laration of Helsinki are: consent must be given
for every single sample from participant and the
right to withdraw consent at any time. Due to the
fact that biobanks aim at containing large sample
sizes on the scale of populations it is administra-
tively impractical and unrealistic to get consent
for every individual for every research project;
this becomes impossible when you take into con-
sideration the notion of re-consent. Campbell
(2007, p.242) goes as far as saying that to truly
promote trust and altruism between the public
and biobanks, one should refrain from suggesting
continual consent over the use of donated sam-
ple, meaning that re-consent inquiries raise more
ethical questions about the use of the biospecimen
[16]. Furthermore, the right to withdraw consent at
any point may be impossible. If the biospecimen
has been anonymized and tested upon, there is no
way to remove it from the sample collective. The
best case scenario would be that future research
projects could not use the biospecimen retrieved
from the participant because of its removal from
the database and its discarded from the bioreposi-
tory. Therefore, the only solution is to inform the
participants of a time limit they have to withdraw
consent from the current research. The declara-
tion of Helsinki does stipulate that in exceptional
situations where consent is impossible or imprac-
tical the research ethical committee would give
final approval, meaning that the right to withdraw
could also fall under this authority.

The last essential issue that needs to be ad-
dressed, specifically by genetic biobanks, is priva-
cy. Simply put, the genetic profile provides infor-
mation about the family related to the participant.
This makes the individual’s informed consent not
encompass the privacy of third parties. This leaves
the possibility of discrimination or misuse of
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information based on cultural, geographical and
age-related groups [13]. Furthermore, due to the
fact that genetic information contains more than
just the information that the certain research pro-
ject is purposed with studying, the rest of the ge-
netic information can be accessed at any time for
purposes beyond what the participant initially in-
formed consent. In April 2011, Arizona State Uni-
versity had a law suit filed against them from the
Havasupai Indian tribe of Arizona for the misuse
of their genetic information from blood samples.
The researchers’ broadly worded consent docu-
ment such that the tribe donated for diabetes re-
search, when in reality the researchers used the
information to study the genetics of mental ill-
ness ancestry [17,18]. This problem here lies with
identification of individual and relatives from the
genetic information obtained. The identity needs
to be removed while still maintaining the impor-
tant biological characteristics found within the ge-
netic information. This process of de-identification
of biospecimens stored in a biobank is known as
anonymization. Anonymization must be handled
with care because the potential of a biobank lies
in the ability to correlate genetic or biological data
to phenotypes, medical and personal information.

3Sample
collection

2. Informed consent

Biobanks begin and end with the participant
donating biospecimens to the research because
without this donation, the research cannot pro-
gress and the biobanks would cease to exist. It is
in the biobanks best interest to constantly improve
practices in the ethical, legal and social fields in
three ways: protection of rights and welfare of par-
ticipants, demonstration of participant respect and
promotion of ethically responsible research prac-
tices [19].

Personalized medicine & biomarkers

The long-standing approach to the treatment
of diseases in medicine has been a conservative
“one size fits all” model, focusing on fitting pa-
tients’ symptoms into a disease type and treating
the patient with the statistically most success-
ful therapy for the disease-type population [20].
Conversely, personalized medicine allows for the
possibility for an accurate and individualized di-
agnosis that contributes to a precise and targeted
treatment in order to reduce negative outcomes or
side effects [21]. The rapid evolution of technolo-
gies that allows scientists to acquire and analyze
high-dimensional data like genomes or proteomes
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Figure 1. Flowchart of the biobank system’s process starting with clinical evaluation of donor patient till the research

of developing biomarkers for prognosis or diagnosis.
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created this potential for personalized medicine
[21]. In this respect, the most recent promising
fields of research towards linking genotype-pheno-
type are bionetwork modeling [22]. Furthermore,
the challenge lies in very large sample sets not
just for discovery but, more importantly, for vali-
dation. This provides the rational for establishing
biobanks. Figure 1 depicts the biobanking proce-
dure starting from participant consent and sample
collection, through obtaining biomarkers from ge-
netic profiling techniques.

Personalized medicine can then improve the
prevention and cure of the disease by predicting
both the disease risk within a general healthy
population and the therapeutic response within
patients [11,23,24]. This prediction comes in the
form of biomarkers, which are derived from patient
genomes. According to the Biomarkers Definitions
Working Group (2001), a biomarker is a charac-
teristic that is objectively measured and evalu-
ated as an indicator of normal biological process,
pathogenic process or pharmacologic responses

Non-biomarker
Strategy

to a therapeutic intervention [25]. Simply put,
biomarkers provide genetic information encoded
within DNA. DNA is stable over an entire life time,
making these biomarkers easily measureable at
any point in time; this facilitates the scientific
methodology of repeatability and reproducibility.
Furthermore, this means that they can be used in
both prospective and retrospective studies. The
biomarkers that are deemed stable are termed
DNA biomarkers and they include DNA sequences
such as single nucleotide polymorphisms (SNPs)
or short tandem repeats (STRs). Currently, due to
the availability of high-quality molecular profiling
techniques and facilities, SNPs are the most com-
mon used type of DNA variant. It was found that
in most situations SNPs have two different alleles
at a particular gene locus which results in three
possible genotypes within the patient. Originating
from the fact that cancer is a disease that changes
DNA on the cellular level, biomarkers can be used
to measure these changes in tumor [20]. However,
DNA biomarkers are not without disadvantages.
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Figure 2. Representation of achieving a personalized therapy by using biomarkers and treatment drug responses. The
experimental design is based on a chosen biomarker of research interest and by applying single different treatments to
each patient. If the treatment is successful then a desired outcome has been seen in the biomarker, meaning successful
treatments can then be combined to create a personalized therapy.
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The discovery rate of new DNA biomarkers is
faster than their product cycles. This means that
by the time a DNA marker test has passed all the
steps for marketing approval, it may have already
been rendered scientifically less significant than a
newly discovered DNA biomarker with better per-
formance [20].

Nonetheless, DNA biomarkers have an impor-
tant role to play with biobanks. The biomarker-
defined population subgroups used for systematic
investigations into the improved efficacy and safe-
ty of approved drugs require validation that can
only be achieved using biobanks. Biobanks contain
large repositories of biospecimens that can be used
for genotyping, thereby, facilitating the validation
process. As Wang et al. stated in 2010, valid con-
clusions from genotyping cannot be drawn from
only from convenience samples or small sample
sizes [27]. The individualized profile design pro-
posed by personalized medicine requires an ac-
cumulation of a large number of different patient
profiles which, through a comparative validation
strategy, can lead to the selection of a treatment
from a large number of different therapies com-
paring the conventional treatment selection to an

Diagnostic/ prognostic
biomarkers

Early diagnostic
biomarkers

Biomarkers for
susceptibility

individualized treatment decision. Such a treat-
ment plan necessitates regulation of the particular
application of drugs for a treatment, substantiated
by clinical trials data. For the patient to get best
result during complex decision-making process,
validation is necessary for both the biomarker-
based treatment selection and the effectiveness of
the individual treatments. This can allow for sev-
eral monotherapies, each selected on the presence
or absence of specific DNA variants (biomarkers),
to be combined for an individualized therapy [26];
this process can be seen in Figure 2.

Within personalized medicine another divi-
sion is made between biomarkers, i.e. they can be
diagnostic, prognostic or preventive. The difference
lies in the fact that diagnostic and prognostic bio-
markers help predict disease progress while pre-
dictive biomarkers are determined in response to
a treatment [26,28]. The establishment of biobanks
could help in three main ways: determining genet-
ic markers of the most clinical significance; limit-
ing off-target effects of gene-based therapies; and
conducting clinical studies to identify the genetic
variants correlated to drug response [29]. Moreo-
ver, studies identifying many genetic variations

Biomarkers for Biomarkers for responsivness Biomarkers for cancer

to treatment remission

metastasis

Genetic Environmental
background exposure

VAL Y

N O I

Figure 3. The biomarkers are snapshots of a disease progression, from its basis, the inherited genetic predisposition
that a person is born with (biomarkers for susceptibility), which combines with the environmental factors that affect
the human organism (biomarkers for exposure), leading to the installment of early biological lesions (early diagnostic
biomarkers), disease progression to hyperplasia (hyperplastic biomarkers) and ultimately to cancer (diagnostic and/or
prognostic biomarkers). From this point on, the disease can run its course and become metastatic (metastasis biomark-
ers), or the patient can receive different treatment options (treatment responsiveness biomarkers) and enter remission
(remission biomarkers) or the cancer can appear again (recurrence biomarkers). With the help of biomarkers the target-
ed therapy can be developed, a better option for cancer patients that has better chances of ending disease progression.
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underlying risks of rare or common diseases fa-
cilitate the drug targeting of genes, proteins or
pathways [30]. Figure 3 shows how the progression
of cancer relates to the types of biomarkers used
in personalized medicine, specifically indicating
which kind of biobank stores each biomarker [31].

Moreover, diagnostic biomarkers are used to
determine the severity of a disease, i.e. to screen
for the differences between healthy individuals and
those at an early stage of disease. For example,
the point-of-care tests Rheuma-Chec and CCPoint
screen for rheumatoid arthritis in non-symptomat-
ic, healthy individuals by testing their serum for
mutated citrullinated vitmentin and citrullinated
peptides/proteins antibodies [32]. Prognostic bio-
markers are used for the prediction of a disease in
a defined clinical population under standard treat-
ment conditions. MammaPrint is a DNA tumor bi-
omarker for breast cancer prognosis post-surgery
to determine the risk of metastasis. It correctly
predicted breast cancer prognosis to the point that
the FDA approved its use as an in vitro diagnostic
multivariate index assay [33]. Predictive biomark-
ers are used to predict the response of a patient to a
treatment in terms of drug effectiveness and safety;
this prediction is an important factor in clinical
decision making. In 2011 Keedy et al. used the epi-
dermal growth factor receptor mutation in patients
with advanced non-small cell lung cancer to deter-
mine whether patients were eligible for the first-
line EGR tyrosine kinase inhibitor therapy [34].

With regard to cancer research, one of the chal-
lenges with exponentially increasing urgency is
the availability of adequately annotated and appro-
priately collected biospecimens. Frozen and forma-
lin-fixed paraffin-embedded (FFPE) tissue formats
are commonly used to preserve biospecimens for
future use. A study done in 2010 by Hughes et
al., analyzing four major cancer research journals
(Cancer Research, Clinical Cancer Research, Brit-
ish Journal of Cancer and International Journal of
Cancer) found a threefold increase in the average
cohort size for both FFPE and frozen tissue bio-
specimens over the past 20 years [35]. Secondly,
the quality of the biosample can be ensured with
the standardization of biobanks. Microarray gene
expression profiling has become an essential tech-
nique allowing for the identification of molecular
cancer subtypes, capturing the heterogeneity of
cancer. The quality of the gene expression is defin-
itively coupled with the quality of the biospecimen
and the degree of degradation from the extracted
RNA. Biospecimen quality can be affected by in
vivo ischemia time, surgical manipulation and an-
esthesia during the process of specimen retrieval
[36,37].

JBUON 2018; 23(3): 556

In oral cancer a particular focus was on sali-
vary biomarkers that represent a promising non-
invasive approach and a domain of strong research
interest [38]. The main issue related with these
types of biological fluid has to do with the missing
of standardized approach for collection, process-
ing, and storage [38]. This is related with a high
variability among the tested biomarkers in differ-
ent patient cohorts and can be avoided by the de-
velopment of biobanks [3,38].

Importance of oral cancer research to
biobanking

Human biological specimens in oral cancer,
that include tissue (normal/tumoral), whole blood,
serum and saliva as particularity for oral cancer
were widely used for translational research to un-
derstand the disease pathogenesis and to evalu-
ated different scientific hypotheses in the context
of biomarker discovery. The success of these stud-
ies is affected by the quality of the material used.
Thus, the aforementioned problems regarding
sample quality would be resolved with a stand-
ardized biobanking system. This would give bet-
ter molecular profiles which are in dire need for
cancer research to further develop the concept of
personalized medicine. However, not all patient
samples need to be invasive or require a clinical
procedure to remove them. In recent years, more
and more non-invasive types of patient samples
are proving to be valuable and credible with regard
to their molecular profiles. Saliva has become a
distinctive diagnostic fluid because of its simple
collection, processing and minimally invasiveness
[39]. Whole saliva is unique and complex regarding
both composition and source. The majority of sa-
liva consists of proteins and polypeptides; specifi-
cally, more than 2300 proteins and peptides have
been found in human saliva [3] . However, the most
abundant, which comprise 98% of the total pro-
teins, are: a-amylase, albumin, cystatins, hystatins,
secretory-IgA, lactoferrin, mucins, lysozymes, pro-
line-rich proteins, statherin and transferrin. Thus,
the remaining proteins are at very low concentra-
tions meaning that saliva analysis for possible bio-
markers requires extremely sensitive methods or
instruments for detection [3]. The largest amount
of research being done on saliva and its potential
to reveal biomarkers has been for oral cancer.

Multiple studies have found useful biomark-
ers in saliva obtained from oral cancer patients
[23,24,40,41]. One of the first studies done to dem-
onstrate the diagnostic value of RNA found in hu-
man saliva was by Li et al. [42], utilizing OSCC as
the proof-of-principle disease. They performed a
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gPCR and compared the saliva of OSCC patients
to that of controls, discovering that seven salivary
mRNAs had at least a 3.5-fold elevation. The tran-
scripts of these mRNAs could act as biomarkers
and they include IL8, IL1B, DUSPI, HA3, OAZI,
S100P and SAT. The combination of these biomark-
ers yielded a high sensitivity and specificity in
distinguishing OSCC from the controls. Therefore,
salivary transcriptome profiling could prove to be
useful in other major diseases as well [42]. Simi-
lar successful discoveries of oral fluid biomarkers
were validated by mass spectrometry [43] and by
subtractive proteomics which consisted of shotgun
proteome analysis, 2D-gel electrophoresis and im-
munoassays [43]. In 2010, another group of scien-
tist identified salivary transferrin as a biomarker
for early detection of oral cancer. They used a com-
bination of all the previous mentioned techniques,
i.e. 2D-gel electrophoresis and MALDI-TOF mass
spectrometry to analyze the protein pool of both
OSCC and OSCC-free persons, followed by western
blot and ELISA assays for verification of potential
biomarkers [44]. Lastly, one study distinguished
that the inflammatory cytokine proteins interleu-
kin-8 and interleukin-1beta as having significantly
higher levels in patients with OSCC when com-
pared to healthy control subjects. This was done
by implementing luminex xXMAP single-plex and
multi-plex assays, which proved to be just as ef-
fective as ELISA assays for the quantification of
proteins in saliva [39]. The only criticism for the
majority of these studies was that their sample
sizes were too small to extrapolate for popula-
tions. Biobanks could provide databases and bi-
orepositories, such that individual studies could
be combined with population-based results. When
analyzing saliva samples from OSCC patients from
a Serbian population, three proteins and four miR-
NAs were validated as biomarkers; these seven
biomarkers performed strongest during the late
stage of the cancer. The salivary protein biomark-
ers were interleukin-1beta, interleukin-8 and s90K/
Mac-2 binding protein (M2BP) while the salivary
RNAs markers were SAT1, S100P, IL8 and IL1B.
According to the authors of this article, this also
coincides with the salivary biomarkers found in
OSCC patient population in the USA [45].

Biobanking - Recent approaches

One example of a successful cancer case-con-
trol study that used Nordic biobanks and cancer
registries was done in 2008 by Kapeu and his col-
leagues investigating whether smoking is an in-
dependent risk factor for invasive cervical cancer
[46]. This study used five population-based serum

banks: Finnish Maternity Cohort, Icelandic Mater-
nity Cohort, Northern Sweden Maternity Cohort,
Northern Sweden Health and Disease Study (com-
prising of MONICA project and Vasterbotten In-
tervention Program) and Janus Serum Bank. These
serum banks which contained samples from more
than 1,000,000 subjects were linked to national
cancer registries of Finland, Iceland, Norway and
Sweden. Specifically, in this study 588 samples of
female serum samples were analyzed who devel-
oped invasive cervical cancer, and were compared
to 2,861 matched controls. They used a tobacco
exposure biomarker cotinine as well as antibodies
from HPV (types 16 and 18), herpes simplex virus
type 2 and Chlamydia trachomatis. The first major
finding was that smoking was associated with in-
creased risk of squamous cell carcinoma/cervical
cancer after adjusting antibodies to oncogenic
HPV; specifically, there was an increased 2-fold
excess risk of squamous cell carcinoma among
HPV16- and HPV18-seropositive heavy smokers.
The second major finding was that the risk of squa-
mous cell carcinoma increased with increasing
cotinine dose and age at diagnosis [46]. These au-
thors, supported by the studies of Suk et al. (2001)
and Poppe et al. (1995), believe that this is due to
the fact that cigarette smoke enhances the carci-
nogenic potential of HPV by: firstly, the inhibition
of apoptosis through targeting interferon-gamma
and tumor necrosis factor-alpha; and, secondly, en-
hancing HPV ability to evade the immune system
through the manipulation of cytokine expression
[47,48]. This Nordic joint study is the largest con-
ducted to date on the risk factors of cervical cancer.
If it were not for the large sample size and hu-
man serum obtained from the various biobanks,
such clear results could not be drawn. This study
provides a milestone and guide for the correct use
of biobanks as well as the ethical cooperation be-
tween all the parties. For oral cancer an impor-
tant source of biomarkers is represented by whole
saliva, that contains fluids produced by salivary
glands; saliva comprises a wide range of gingival
fluids and cellular debits with important diagnos-
tic and prognostic value [49].

With the increasing demand for biobanking
and the computational technologies allowing for
electronically advanced protection, some anony-
mous or coded systems for sample registration,
collection and labeling have been developed to by-
pass some of the ethical issues. Furthermore, there
is a shift occurring to rely on electronic medical
records to produce self-contained systems for the
integration of genetics and medical information.
The only drawback is that the process of convert-
ing all this information into an electronic format
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is very time-consuming and costly [18]. This all
falls under the concept of de-identifying the data
from the participant while still remaining with the
biological information pertinent to the research.
To date there are four of these kind of systems:
Vanderbilt BioVU DNA databank, deCODE genet-
ics, Netherlands Cancer Institute and Bio-PIN. Bio-
PIN and Vanderbilt BioVU DNA databank use an
anonymous registration [21] while deCODE genet-
ics and Netherlands Cancer Institute use a coded
registration [50,51]. Bio-PIN and deCODE genetics
allow for the combining data between different in-
stitutes, such that research projects can have large
sample sizes and information at their availability
[50,52]. However, only Bio-PIN actually allows for
two-communication between the participant and
the biobank database on a web-based platform.

Bio-PIN

Bio-PIN is a biobanking system proposed in
2011 by Neitfield et al., wherein samples and asso-
ciated data would be deposited anonymously and
labeled using a PIN code that is generated, based
on the biological characteristics of the patient [52].
This concept is based on the idea that each individ-
ual patient has unique biological characteristics
derived from every biological sample which can
then be transformed into a simple alphanumerical
code. Proposed examples of distinguishing bio-
logical characteristics (DBC) could be SNPs, short
tandem repeats or biochemical markers. Therefore,
the Bio-PINs contains no identity data or individu-
ally identifiable data making it anonymous accord-
ing to delineations expressed by HIPAA of 1996.
Important to note that the probability of finding
identical distinguishing biological characteristics
is not zero; to address this, a birth order number is
also added to the DBC which would result in dif-
ferent Bio-PIN in all cases. The Bio-PIN would be
created in such a way that it could not be de-trans-
formed back into the original DBC. Using Bio-PINs
for biobanking can be summarized into four steps:
firstly, the anonymous collection and registration
of biological samples in the biorepository along
with associated data in the biobank database; sec-
ondly, the determination of the distinguishing bio-
logical characteristic from each sample followed
by, subsequent, generation of the Bio-PIN; thirdly,
connecting the Bio-PIN to its respective sample in
the biorepository records to the database; finally,
establishing a communication with the individual
patient only using their respective Bio-PIN [52].
The communication between the patient and the
biobank using the Bio-PIN is essential to encour-
age participants’ regular access to their personal
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record in the biobank database using a web-based
platform, not only for verification or updates, but
this could also be the platform from which they
can inform themselves on the research projects
and provide anonymous consent to the research
projects. With these consent proposals, additional
information could be asked like lifestyle, environ-
mental and medical history. PatientsLikeMe and
23andMe are two biobanking companies that suc-
cessfully implemented a website to integrate with
the general public. PatientsLikeMe has built an ex-
tensive repository of detailed phenotypic ad health
data that is public-sourced from a community of
over 115,000 participants. 23andMe contains bio-
specimen samples and genomic data from 120,000
participants, of which 87% opted to donate to re-
search. These web platforms allow participants to
control the information they provide, see how it is
used and are regularly updated on new discover-
ies. The result is that participants have chosen to
give more than the minimum, demonstrating their
trust and enthusiasm [53,54]. In essence, the more
regularly the participant deposits accurate and
complete data, the more constructive their sam-
ples would be to the research and thereby produce
additional diagnostic or prognostic information
important to their health. For example, these re-
sults could allow for testing diagnostic or prognos-
tic values for life-threatening diseases. This would
then become available to the participant under cat-
egories ranging from ‘presently little health risk’
to ‘seeking medical advice is strongly advised.

In conclusion, the most significant advantage
of the Bio-PIN system is that it requires a specific
consent from the participants that can be modified
at any time. The choice of consent is dependent on
the level of participation; ‘active’ participants can
continuously exercise their autonomy and consent
while ‘inactive’ participants de facto give broader
consent to the available research initiatives ob-
tained during the registration. This participation
could also extend to medical institutions where
any biological samples leftover from Bio-PIN par-
ticipants could be transferred as anonymous ma-
terial to the biobank, rather than being wastefully
discarded [52].

Conclusions

This review had the purpose to present in an
objective approach the current situations regard-
ing the biobanking activity. The first steps need to
be made in the establishment of biobanks such that
standardization can occur and ethical issues can be
resolved. Standardization of practices has shown
to improve the quality of the biospecimen, thereby
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improving the accuracy of the results. Implemen-
tation of the Bio-PIN biobanking method, would
inherently lead to improvements in registration,
archiving, tracing and sample usage but also the
legal and ethical issues regarding biobanks. De-
spite the rapid advancements in the research us-
ing biobanks, we are currently being held behind
by the ethical aspects concerning the usage of the
donated samples. Instead of making the research
institute accountable for consent of participant, we
are forcing biobanks to address the issue despite
the fact that they are just a resource for research.
Furthermore, biobanks provide a way for research-
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