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Human biospecimens and derivatives (e.g., FFPE, serum, plasma, tissue microarrays,
cell lines, organoids, etc.) are invaluable for drug discovery and biomarker discovery,
and for clinical and analytical validation of new medical devices or in vitro diagnostic
(IVD) companion diagnostics. In this paper, we will raise the issue of traceability of
biospecimens that are used by scientists in their studies, which can be pivotal for
publishing or filing. When biospecimens are collected as part of clinical trials on drugs,
the traceability of all samples is guaranteed by the regulations that govern clinical trials
(e.g., GCP guidelines). However, in preclinical research, scientists (academic and
private) who need biospecimens to support their R&D programs often use human
samples from sources—mainly commercial ones—that do not necessarily disclose
where, when, or how the samples have been collected. That contrasts the collection
practices of academic biobanks. Many scientists blindly believe that what will be
delivered was obtained at the collection site ethically and in line with all state-of-the-art
procedures as well as local and international regulations, and, therefore, their
selection of a biospecimen provider is often based on financial criteria alone.
Traceability as good practice in using human biospecimens
Biobanking is now a science and academic biobanks have played a pivotal role in
providing guidelines for collecting, processing, preserving, storing, and even
transporting human biospecimens. These are crucial components of the biomedical
research field and enable the discovery, validation and development of clinically
relevant biomarkers.1,2 Several biobank organizations such as the Public Population
Project in Genomics and Society (P³G), the International Society for Biological and
Environmental Repositories (ISBER), the Biobanking and Biomolecular Resources
Research Infrastructure linked with the European Research Infrastructure Consortium
(BBMRI-ERIC), the European and Middle Eastern Society for Biopreservation and
Biobanking (ESBB), the National Cancer Institute (NCI) and the Australian
Biospecimen Network (ABN) have worked to develop appropriate policies and
guidelines to improve sample quality. These documents focus on operational,
technical, ethical, legal, and policy best practices for biospecimen resources and a
comparison of selected reference guidelines carried out by P³G (P³G, 2014) showed
that these guidelines cover most biobanking processes (e.g., ISBER Best Practices for
Repositories, 2012). Importantly, all of them underline the importance of the
traceability of the biosamples when associated with translational research program
developments. Given the critical role of collecting sites, they should have robust
procedures in place that allow any end user of these specimens to ascertain that these
samples have been collected properly, including maintaining control of pre-analytic
variables and respect for ethical and legal regulations.
The ethical and legal regulations are, on the whole, followed by all biobanks, including
those regulations regarding the need for obtaining consent from donors (in line with
the regulations of IHC Helsinki [2013], the Common Rule in the U.S., the UK Human
Tissues Act [2006], the pre-2018 Rule, which will replace the Common Rule, etc.) and
protecting their identity by either anonymizing or pseudo-anonymizing any clinical and
medical data that accompany the donated specimens (in line with the Health
Insurance Portability and Accountability Act [HIPAA] privacy regulations, the Data
Protection Act of 1998 in the UK and the General Data Protection Regulation, which
comes into effect in the EU in 2018). Depending on the country where biospecimens
with accompanying data are collected, using non-identified specimens in research
does not necessarily require consent from donors and may not even require approval
from an institutional review board (IRB) or ethical committee. In the U.S., according to
the Common Rule, researchers who receive grant funding from U.S. government
sources (e.g., NIH) are required to apply for IRB approval while industry-based
research does not have this legal requirement imposed on them, although it is
generally thought to be a good idea especially when the researcher plans to publish or
plans to use the research as a basis for an Investigational new drug application (IND).
According to the Common Rule in the U.S. and the proposed changes to this rule (the
pre-2018 rule), the use of anonymized samples for research does not necessarily
require consent from the donors. The situation is different in clinical trials where the
FDA requires both IRB approval and donor consent. The situation is very different in
the UK, for instance, where only a small set of exceptions exist to the general rule that
donor consent is required by law (UK Human Tissue Act 2006).
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Most, if not all, biobanks recognize the necessity of obtaining both IRB or ethical
approval and consent from donors. Currently, many pharmaceutical companies
demand proof of both before accepting samples from a biobank, yet they do not
require the exact provenance of the collected samples.
Considering the huge efforts made by the biobanks, especially academic biobanks,3,4
to diligently track the process of biospecimen collection, one would expect that any
end user of human biospecimens should be able to retrace this information. However,
astonishingly, today this is not mandatory. In many other industry projects, traceability
of source materials and transparency of the “manufacturing process” is of high
importance (e.g., in pharmaceutics, agriculture, cosmetics, food processing,
aerospace and automobile industries, etc.); tracking is an obligatory part of the
process. Similarly, the ability of the end user to trace biospecimens regardless of the
type of source should be required.
Reasons for asking for traceability
There are multiple reasons why end users of biospecimens should want to know the
provenance of these crucial raw materials.
One of the most important reasons is to enable the clinical biomarker researcher to
review the collection process and determine pre-analytical variables that potentially
introduce unintended artifacts or pitfalls in the downstream analysis of the samples.
Researchers must be confident that the raw material used is appropriate to enable
them to interpret the research results correctly and that the research data will not vary
from study to study depending on the collecting site. This would certainly mean a
tremendous savings on research that is otherwise unreproducible.5,6,7,8 Often,
relevant information about biospecimens, including sample site collection, provenance,
associated clinical data and tracked sample handling data, is lacking. Astonishingly,
this is accepted by many researchers in the biomedical field, which, in our opinion, is
largely caused by an unchallenged trust in the source of the biospecimens. An
example of this lack of interest from scientists in ensuring the authenticity and the
provenance of biological material is the current use and misuse of cancer cell lines.
Freedman et al.6 and more recently Cosme et al.9 report misidentification and crosscontamination events estimated to range from 15% to 36%. Despite accepted and
inexpensive ways of authenticating these cells, only one-third of labs typically perform
identity tests. The cost to the NIH for research in which misidentified or contaminated
cell lines are purportedly used, is projected to be over $1 billion annually.6 Reducing
this by proper identification of the cell lines would ensure a more effective use of
government funds and ultimately speed up research and the development of new
treatments for disease. The same holds true for antibodies and other lab reagents that
cannot easily be checked by simple quality controls.
Knowing where the biospecimen source is located is crucial for an end user to allow
direct interactions with the team who collected the samples in case additional details
about the pre-analytical steps (and even more clinical data details) are needed.
Knowing the original sites where the biospecimens are collected also allows potential
future audits of these sites by authorities or—why not?—by the end user himself. The
practice of auditing clinical sites is well-established in clinical drug trials, where
sponsors and regulatory bodies such as the FDA demand to know who the
participating investigators are and audits on the participating sites must be possible.
Why should the same information not be available for the collection of human
biospecimens that are used in biomarker and drug development research?
Secondly, not knowing the geographical location of the source material may leave
investigators open to incidental findings based on different local laboratory practices.
For instance, in the field of cancer and anatomo-cytopathology for tumour
classification, used nomenclature and/or classification might vary from country to
country. It is also now well recognized that, if not known, environmental, socioeconomic and genetic factors may lead to misinterpretation of some biomarker
results.10,11,12 For instance, recently, Lin et al.12 reported that Asian and non-Asian
gastric cancers exhibit distinct tumor immunity signatures related to T-cell function,
which, therefore, might have a strong impact on the identification and validation of
novel targets and biomarkers in immuno-oncology (including PD-1 and PD-L1)
depending on the geographical location from which the samples are collected.
Therefore, depending on the origin of the tissues, their use may have a significant
impact on the final selection of new drug targets or biomarkers (for instance, Asian
versus Caucasian) and caution must be taken with commercial tissue microarrays, for
example, even if commercialized by well-known companies that are headquartered in
the U.S. If geographical location of where samples are collected has an impact on the
discovery process and it is also crucial for the validation process of biomarkers, as
underlined by FDA guidance documents issued in summer 2016 (FDA Document
number 1500626 and Document number 1400027), companies developing drugs,
medical devices or companion diagnostics should make sure that results obtained are
not compromised by a non-representative population and not biased by the ethnicity of
patients.
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Thirdly, this lack of transparency around biospecimen sourcing channels might put end
users at risk of infringing upon local or national regulations without realizing it. For
example, in some countries (e.g., China, India, Russia), exporting biospecimens is
forbidden unless a specific license is obtained. Local authorities might consider the
violation of this regulation a criminal act, and have made it clear that they would take
legal action against all stakeholders locally and abroad if such a case is pursued. Not
asking a biospecimen provider for proof that this licensing process has been followed
in order to potentially claim ignorance is not only weak legally, but could be a breach of
guidelines and laws. Because of the corporate risk they incur, companies using human
biospecimens should be very careful and should always request proof that tissues and
their derivatives (TMA, cell lines, etc.) have been exported respecting the laws of the
country where the specimens were collected originally.
In addition to using in-house collections (e.g., samples acquired during their own
clinical trials) or obtaining biospecimens from independent academic or virtual
biobanks,13 the pharmaceutical and biotech industries currently source a large part of
their biospecimens from commercial biobanks or brokers. The process of obtaining
biospecimens from commercial sources is shown to be both faster and easier.14 Some
of these commercial sources act as genuine contract research organizations (CROs),
keeping the process from collecting site to end user transparent; some act simply as
brokers between industry and collecting sites (hospitals, clinics, etc.) and, finally, some
are retailers merely selling specimens as lab reagents on the Internet or in the
research market place, even offering discounts as special events. In the two latter
cases, the link between those who collect and those who use the material is removed
and the exact source of the biospecimens is hidden so the end user is oblivious to
where his samples are coming. In most, if not all of these cases, information about the
pre-analytical conditions under which the samples were collected is lacking.
Often different vendors obtain samples from the same original collection site and it is,
therefore, not surprising that end users sometimes receive specimens from the same
donor but via different supply channels without realizing they are in danger of double
dipping. Researchers should be made responsible for ensuring they know where each
biospecimen has been sourced and they should ascertain, when performing a study,
that biospecimens from different donors are indeed from different individuals and not
obtained twice from the same donor via different vendors. Biospecimen suppliers, by
the same token, whether academic or commercial, should make this information
available if the end user requests to know the original source of the biological
samples.
Some end users have a blind trust in retailers who keep their sources hidden and may
use these vendors exclusively, arguing that by not knowing where the samples have
been collected they are sure to respect the rules of HIPAA, that are applicable in the
US, and other data protection regulations in other countries. We take the position that
this is a misguided interpretation of these rules. Not knowing where biospecimens are
collected is no guarantee that the rules of data protection are followed since donor
identifiers may still be present in data that accompany biospecimens. We maintain that
knowing the source of biospecimens is an essential element of quality assurance and
does not in any way flout the data protection rules.
A fourth reason for knowing the origin of the biospecimens is based on ethical
considerations: donors consent to provide their specimens freely, trust the access
policy in place at the institutions and share some of their clinical data with the sample
collectors (at private or public sites). It is good practice, and some national guidelines
even require, that donors are informed what their specimens and data are used for
and where. However, if researchers do not know where biospecimens come from, how
could donors possibly know for what purposes their contribution is being used and by
whom? For this reason, we strongly believe that any biobank or biospecimen
collecting site should know who uses their samples and for what purposes. It is
interesting to note that most high quality academic biobanks and some tissue
procurement organizations require this information as part of their governance process
and ask that a material transfer agreement (MTA) be established directly between
them and the end user.4 These biobanks, when providing specimens, legitimately
require that they contribute to a sponsored research program; they do not provide a
simple consumable comparable to a reagent or other lab material, as some retailers
might do on the Internet or other market places with a catalogue listing human
specimens.
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Existing initiatives
We believe that traceability should be the standard in the use of biosamples. While
good laboratory practices govern research and provide control over reagents and raw
materials, we question whether a set of good practices should not be designed
specifically for human biospecimens. There are several on-going initiatives in this field,
including ISO276/WG2 on Biobanks and Bioresources15 and efforts by the BBMRI
linked with the European Research Infrastructure Consortium (BBMRI-ERIC), but so
far not one of these initiatives have been completed.
The requirement of traceability and transparency is also stressed in a document
proposed in December 2015 by the Committee on Bio-Ethics of the Council of Europe,
“Recommendation on research on biological materials of human origin.”16 The
recommendation for biobanks to know the end user and vice versa is implied (see
articles 8, 10, 16, 18, 19 and 23, approved by the Council of Europe in 2015) relating
to Information (for donors and the public), governance principles, access, trans-border
flows and availability of results respectively.
With the current state of global political unease, new programs are being introduced in
the U.S. and elsewhere to control imported goods, in particular regarding a recent
awareness for potential terrorist activities. In this timely context, knowing the origins of
the biospecimens would enable American companies to participate in the CustomsTrade Partnership Against Terrorism (C-TPAT) program initiated by the U.S.
Department of Customs and Border Protection. However, whether this program, which
is currently run on a voluntary basis, will become obligatory in the future, and whether
similar programs will be initiated in other countries, remains to be seen. Regardless, if
the end user knows the origin of the raw materials it will enable companies to perform
due diligence to ascertain any potential threats and respect customs rules.
To help with transparency and oversight and to give credit where credit is due in terms
of the resources and technical knowledge required by the biobanking community,
efforts are being made toward proper acknowledgement of contributing biobanks in
publications. The initiative toward a bioresource research impact factor as an incentive
to share human bioresources17 and the progress from there toward a systematic way
of citing bioresources in journal articles18,19 are commendable examples of changes
that are slowly being implemented.
Making traceability of biospecimen mandatory in the future
Transparency regarding the source of biospecimens would improve quality of
research, reproducibility, and translational use of the acquired knowledge, as well as
save money in case of irreproducibility of results.20 Scientific robust publications,
dissemination and communication are central in this21,22,23 and reporting guidelines
play an essential role toward scientific literature that is transparent, complete, open
and reproducible. We believe that regulatory bodies should also demand this
information in their evaluations. Whoever is collecting samples for research purposes,
should know who is the end user of the collected samples and vice versa and both
should keep this information as part of the documented records. This requirement for
traceability should be designed, implemented and regulated by health authorities
throughout the translational value chain.
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