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Abstract

We provide a mini-review of how biobanks can support clinical genetics in the era of personalized
medicine. We discuss types of biobanks, including disease specific and general biobanks not
focused on one disease. We present considerations in setting up a biobank, including consenting
and governance, biospecimens, risk factor and related data, informatics, and linkage to electronic
health records for phenotyping. We also discuss the uses of biobanks and ongoing considerations,
including genotype-driven recruitment, investigations of gene—environment associations, and the
re-use of data generated from studies. Finally, we present a brief discussion of some of the
unresolved issues, such as return of research results and sustaining biobanks over time. In
summary, carefully designed biobanks can provide critical research and infrastructure support for
clinical genetics in the era of personalized medicine.
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There continues to be very high expectations that the sequencing of the human genome will
ultimately revolutionize the practice of medicine, whereby genomics-based knowledge of
the individual will lead to more effective prevention, diagnosis, and treatment, often referred
to as “personalized medicine' (1, 2). Pharmacogenomics is one area within personalized
medicine that could affect virtually every patient, but to date, clinical incorporation has
proved slow and challenging because of many factors, including the inherent delay in the
initiation of therapy when traditional reactive pharmacogenomics testing at point-of-care is
used and the lack of support for commercial electronic health record (EHR) systems to
integrate large-scale genomic data linked to automated clinical decision support. New
research, such as the "Right Drug, Right Dose, Right Time — Using Genomic Data to
Individualize Treatment' protocol (3), is testing the hypothesis that prescribers can deliver
genome-guided drug therapy at the point-of-care by using pharmacogenomics data
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preemptively integrated in the EHR, with the goal of speeding up the incorporation of
pharmacogenomics into clinical practice.

In addition to the barriers to pharmacogenomics implementation mentioned above, there are
additional barriers limiting translation and impact of personalized medicine on clinical
practice (4—7). Two (of many) important barriers have been the availability of high-quality
specimens with phenotypic data and the robust and timely validation of predictive genetic
markers, particularly in the clinical context. One solution to these issues that has been
advocated is the expansion of biobanking (e.g. serum and tissue) embedded in health care
systems to accelerate discovery, validation, and implementation of new genetic and other
biomarkers into clinical practice (8, 9). Here, we provide a mini-review of how biobanks can
support clinical genetics in the era of personalized medicine.

What is a biobank?

At the most basic level, a biobank is the systematic collection of biological specimens and
health information on participants (5, 10), and for genetics research this requires the
collection of a source of germline DNA, most commonly extracted from peripheral blood or
buccal cells. Ideally, health information including medical, treatment, and lifestyle data at
the time of specimen collection is used for accurate phenotyping and exposure assessment.
Some biobanks are further enhanced by the availability of clinical follow-up to conduct
outcome studies. EHRs can facilitate annotation of biobanks and ultimately can help with
the development of clinical decision support as new findings are integrated into the clinical
workflow (11). Biobank specimens and data must be approved for use by a human subjects
review panel, and ideally includes written, informed consent (12—14), although other models
exist (15). Regardless of the consent approach, ensuring the trust of the participants in a
biobank is critical (16). Biobanks should also be sufficiently large, as most genetic variants
individually are likely to have only a modest or small impact on phenotype; thus, larger
studies are required to obtain reliable results (5). There should also be a clear understanding
of the source population of a biobank's participants so that inferences derived from studies
using a particular biobank are validly generalized. Finally, to be of ultimate value, a biobank
must be used to address important clinical questions, which requires a mechanism to ensure
access to and governance of the biobank over time, as many issues in biobanking cannot be
fully anticipated when one is launched (14).

Types of biobanks

For clinical genetics, some of the most useful biobanks are those based on a specific
phenotype (e.g. disease-specific biobank), or groups of phenotypes (17), which is often the
starting point for more complex studies. Such biobanks are useful for correlating phenotypic
characteristics of a disease with genetic variation and for studying rare diseases (17—19), but
in isolation are ultimately limited for understanding the genetics of risk and outcome. To
address risk, case—control association studies are commonly used, where an affected case
group is compared to a control group, which must be representative of the underlying
population that generated the cases and does not have the phenotype of interest (5).
Biobanks based on families can also be used to evaluate genetic associations, and have the
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added value of also being able to address genetic transmission, penetrance, phenocopies, and
anticipation. The value of disease-based biobanks is also greatly increased if the participants
are followed over time, which allows linking of genetic variation with prognosis and other
health-related outcomes. This may help identify new therapeutic targets, prognostic
stratification, or select treatment.

While less common than disease-specific biobanks, biobanks can also be based on an
exposure (e.g. occupational cohorts) or may be a “general' biobank, which means
participants are selected on neither disease nor exposure history, but rather on some other
selection factor, most often location of residence, membership in a defined group, or self-
selected volunteers (5, 18—20). These biobanks may be population-based, embedded in a
hospital, health system or insurance plan, or recruited through a variety of other
mechanisms. Examples of population-based biobanks include the Marshfield Biobank (12)
and the UK Biobank (13), although neither is strictly population-based according to the
classic epidemiologic definition, but they are enriched for general population participants
from defined geographic areas (5). Examples of biobanks embedded in hospitals or health
systems include the Kaiser Research Program on Genetics, Environment and Health (Health
Maintenance Organization) (21), BioVU (hospital) (15), and the Mayo Clinic Biobank
(clinic) (14).

General biobanks are much more flexible as they can support a variety of studies, including
cross-sectional studies of genotype—phenotype correlations; case—control studies using a
biobank for cases and/or controls; and cohort studies using baseline and follow-up data in a
biobank to link genetic variation with health outcomes (5). The cohort study design is
particularly strong as samples and data are collected before the onset of disease, and is a
particularly powerful approach for studying the interaction of genes and pre-morbid
environmental exposures (5). Cohorts with comprehensive and broad-based outcomes can
also be used to identify the full spectrum of disease outcomes and can also be used to
identify the determinants of healthy aging. One challenge of using biobanks as cohort
studies is that they must be of sufficiently large sample size in order to accrue enough cases
with the phenotype(s) of interest over a reasonable timeframe and they must have nearly
complete follow-up to limit bias (5, 20).

Considerations in setting up a biobank

Consenting and governance

Biobanks encompass a unique research infrastructure that requires different governance
mechanisms than project-based research. Rather than providing informed consent for a
specific project, participants of most biobanks provide an open consent for multiple future
projects, the details of which cannot be provided at the time of enrollment. Indeed, many
future projects will use biological concepts and technologies unavailable at the time of
biobank consent. The governance mechanism must balance the needs of the scientific
community and the participants with an emphasis on the recognition of participants,
trustworthiness, and adaptive management (22).
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Formal governance structures are a common and necessary component of biobanks.
Although the institutional review board (IRB) is an essential component for oversight and
safety, most biobanks utilize a formal access or oversight committee to approve the use of
samples or data (14, 23). These committees may serve to review the science within the
protocols as well as providing stewardship of finite biological samples. Skilled committee
members with expertise in scientific, ethical and clinical domains provide an additional level
of safety and rigor to projects using a biobank.

Informal governance structures like community advisory boards (CABs) can also be an
important component of Biobank governance. Input from the community can add insight
into the perspectives of participants when questions arise. Issues with return of results,
academic/industry partnerships, and privacy will evolve over the life of a biobank.
Participants are important stakeholders in these issues (24), and a CAB can serve as a
representative voice for the community. CABs are often used in larger biobanks to solicit
input and inform participants about the use of biological samples and data (25). For
personalized medicine, CABs can help translate basic discovery into clinical medicine by
outlining the needs of both the individual and the community.

Biospecimens

To be successful, biobanks must pay close attention to collecting high-quality specimens that
will be useful long into the future. Depending upon the type of biobank, specimens may
include blood and blood derivatives (including dried blood spots), urine, saliva, stool, and
surgical tissue (e.g. tumor/normal). Some important variables to collect surrounding these
specimens include the date/time of the sampling, collection method, details of processing
and final storage, and data about delays (19). An important goal is to ensure sufficient
sample handling information such that the experience of each sample is completely
retraceable. Quality metrics are key indicators of the usefulness of biobank specimens. As
DNA is fundamental to genetic studies, numerous methods to estimate quality have been
developed, including total DNA yield and DNA amplification by polymerase chain reaction
(PCR) (26), and RNA quality assessment by the success of reverse transcription and product
length of quantitative real-time PCR products (27). The quality of fluid biospecimens may
require assessment in relation to a specific analyte (27). Best practice guidelines have been
published, including the Office of Biorepositories and Biospecimen Research (http://
biospecimens.cancer.gov/bestpractices/), the NCI Best Practices for Biospecimen Resources
(available at http://biospecimens.cancer.gov/practices/) as well as others (27). Collection,
processing and storage of specimens have rapidly evolved into biospecimens science (10,
28).

Risk factor data

Because common, multifactorial diseases such as cardiovascular disease or cancer are
hypothesized to be caused by a large number of small, often additive, genetic and
environmental effects or modest gene—environment interactions (29), the usefulness of
biobanks are greatly enhanced when they also have lifestyle and other risk factor data
available. With risk factor data, studies can model the independent and joint effects of
genetics and environmental factors on disease risk and outcome at both the individual and
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the population level. Commonly collected risk factor data includes demographic
information, general health and functioning, personal and family medical history, health
behaviors (e.g. diet, physical activity, and smoking), and medication use (both prescription
and over the counter medications). Systematic collection of family history data can also be
highly useful, as it is generally stored as unstructured text in the EHR, making it difficult to
cost-effectively retrieve for research studies (30). Risk factors not commonly included in
EHRs are particularly useful. This, however, further increases the need for even larger
studies and more extensive data collection or pooling of multiple biobanks to achieve the
needed sample size, which has led to the era of large consortia (20).

Biobank informatics

The value of biobank samples is enhanced by the presence of a high-quality informatics
system to track over time data concerning enrollment and consent; sample acquisition,
processing, storage, and distribution; quality assurance/quality control; collection and/or
linkage to subject data (such as clinical data); data security and access; and reporting
functions (31). These systems play a critical role in providing sample and data
accountability and tracking a sample from collection to processing, storage, use and final
disposal. Use of barcodes to enhance the tracking is strongly encouraged. Equally important
are robust informatics that can manage the vast quantities of data generated from samples. A
good informatics system will be able to integrate large volumes of data from multiple
sources, including both clinical and research data. Use of recognized standards, including
commonly used data elements, enhance the ability to harmonize with other biobanks for
pooling projects. A minimum set of informatics system requirements has been outlined and
should be incorporated when developing or selecting informatics systems to support
biobanking activities (31).

EHR-driven phenotyping

Biobanks that can be linked to EHRs have an especially rich resource from which to draw a
wealth of data. However, with the increase in the size of biobanks, a barrier to utilization of
these data is the time-consuming and onerous task of manual retrieval of EHR data. Because
of this, the development of methods to rapidly extract phenotype data from the EHR is an
active area of investigation (32). In particular, the Electronic Medical Records and Genomics
(eMERGE) (33) consortium, a network of nine academic medical centers, has demonstrated
the effectiveness of EHR-derived phenotyping algorithms for cohort identification to
conduct genomeand phenome-wide association studies (30, 34—36).

However, one must acknowledge several challenges in leveraging EHRs for research,
including data that are often incomplete, inaccurate, conflicting, highly complex, and
potentially biased. Furthermore, electronic data will be increasingly available from what
have been considered non-clinical sources such as patient behavior/activity or social
networks, and these can be combined with EHR-derived data to create more comprehensive
ecological views of patients. These opportunities will naturally uncover issues and
challenges around integration, analysis, interpretation and sharing of "big data'.
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Uses of biobanks and ongoing considerations

Research using genotype-driven recruitment

As the genetic data from biobanks accumulate, another opportunity arises to advance the
cause of personalized medicine in the form of genotype-driven recruitment (GDR) to assist
with the functional characterization of disease-associated genetic variants. Unlike the
traditional approach to research in which subjects are selected based on phenotype, the
wealth of pre-existing genetic data makes it increasingly possible to select the study groups
based on genotype (37). In this setting, the frequency of various phenotypes can be
compared in genotype-defined groups to determine a likely phenotype for the genotype
under study. GDR has been described as a very useful design to elucidate the influence of
geno-type on health-related outcomes such as disease risk, treatment response and outcome
(38).

However, this type of study design is not without its ethical concerns (38, 39). A primary
concern is the potential for disclosure of genetic results during study invitation, in which
genetic results may be either explicitly or implicitly disclosed, thus compromising a subjects'
right to not know their genetic information. On the other hand, if genetic results are not
disclosed at the time of recruitment, then a subject is not fully informed on their reason for
eligibility. While a recent workshop on the ethical conduct of GDR studies addressed some
of these issues (39), the assumption of the workshop was that the original genetic data
resulted from traditional research studies with an informed-consent document and IRB
oversight. However, genetic data are increasingly available from other sources, such as
clinical care and from direct-to-consumer genetic testing services (38). Thus, more work is
needed to generate guidelines for all the varied circumstances under which genetic data may
become available for researchers.

Gene by environment interaction

Biobanks can also support genetic research in the era of personalized medicine by the
discovery and validation of interactions between genetic variants and environmental factors,
including medical, treatment, lifestyle, and related data. Many complex diseases are known
to be the result of the combined effect of genes, environmental factors, and their interactions
(5, 40). Thus, understanding the impact of gene—environment interactions may allow us to
provide individualized preventive services or offer personalized treatment after a disease has
been diagnosed (41). For instance, studies of differential antidepressant response have
suggested that neither genes nor environmental factors (e.g. stressful life events) alone were
a sufficient cause, but the interplay between the two was predictive for both depression
causation and treatment response (42). While it is crucial to integrate the genetic and
environmental factors for the successful identification of gene-environmental interactions,
many genetic studies have not collected extensive environmental risk factor data.
Furthermore, many environmental and related lifestyle exposures tend to change over time,
and therefore these exposures need to be periodically reassessed (40). Thus, data collection
needs to be carefully considered for both the initial enroliment and during follow-up to
support our ability to discover and validate interactions between genes and other possible
risk factors.
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Reuse of data

Another source of data in biobanks can be from completed studies conducted using biobank
samples that return the research data to the biobank at the completion of the study. This
makes possible the secondary use of existing research data and can provide many
opportunities for new discoveries beyond the scope of the original study, and reduce the
burden on patients who may be at risk from repeated data gathering intrusion into their lives
(43). Analysis of data from a different perspective than the original study creates an
opportunity for a deeper understanding of the original study finding (43, 44). For example,
the Mayo Clinic Biobank requires all the data generated using their materials to be deposited
into a secure central database for future use (14); as safeguards to protect privacy and
confidentiality, any study using returned data will need an approval from the Access
Committee and a separate IRB approval. Popular data types for reuse are genome-wide
association and whole-exome sequencing data, which can be used to reduce genotyping
costs for subsequent studies and improve the characterization of genetic variants that are
clinically relevant and actionable.

Return of research results/incidental findings

Biobanks have the capacity to generate a large amount of genetic data, some of which may
have health implications for participants, raising the need to address return of both primary
research results as well as incidental findings. Although the recent American College of
Medical Genetics Policy Statement calling for clinical genetic testing laboratories to seek
and report a defined list of incidental findings was not intended to apply to research settings,
it has sparked much debate about the obligation for biobanks to return findings to
participants (45). Many recommend that results be returned to biobank participants if certain
criteria are met (46—49), although the problem of what to do with genes with pleiotrophic
effects is yet to be resolved (50). The Presidential Commission for the Study of Bioethical
Issues recommends that researchers should address how incidental findings will be handled
during the consent process and that a plan should be developed for managing incidental
findings that may arise (51). The process of returning results to participants incurs
significant costs to biobanks and must be taken into account when planning for result
disclosure (52). When evaluating research results for potential return to biobank participants,
it is important to consider established health implications, actionable interventions, test
validity, and participant interest in receiving results (49). Input from a CAB can also provide
important insights when developing return of results policies and procedures. As most tests
are performed in a research laboratory, it is necessary that the results be validated in a
Clinical Laboratory Improvement Amendments (CLIA)-certified clinical laboratory. It is
also necessary that biobank participants receive appropriate clinical follow-up with a
geneticist and/or genetic counselor after receiving research results, which may incur costs to
participants (53).

In the Mayo Clinic Biobank, we have opted to return potentially meaningful research results
(including incidental findings) to participants (14). For example, we have returned
information concerning risk of venous thromboembolism to women due to variation in
Factor V Leiden and prothrombin with the rationale that this may impact their decision to
use exogenous hormones. During the sample request process, the Mayo Clinic Biobank
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Access Committee works with the researcher, the CAB (as needed), and other subject matter
experts to determine which research results to return to participants. The working group
considers clinical utility (proven therapeutic or preventative interventions possible), personal
utility (repercussions for reproductive decision making or life planning), and test validity
(analytical validity of the test and ability to replicate results). If it is determined that the
results should be returned, participants are offered the opportunity to receive results. If the
participant opts to receive his or her personal results, CLIA confirmation of testing is
recommended and facilitated. Particular procedures must be flexible enough to evolve,
expand, and change over time as personalized medicine continues to grow and evolve.

Sustainability

Biobanks are often launched without a long-term plan for sustaining them (10, 19). While a
large component of the cost is the upfront collection and processing of samples, there are
significant costs to maintaining samples, data, and access to a biobank. Cost recovery
models vary from institutional support to complete support through user fees, although the
latter are hard to set, given large initial costs and a life cycle of a biobank over decades (19).
More recently, it has been suggested that biobanking in clinical settings might be
incorporated into the cost of business and embedded in the fee and insurance reimbursement
structure (8, 54).

Conclusions

Biobanks can provide critical research and infrastructure support for clinical genetics in the
era of personalized medicine. Studies using biobanks can effectively support discovery and
validation of genetic associations and gene—environment interactions, which will inform
general biological insights on disease pathogenesis and can ultimately be translated for risk
assessment/stratification, new diagnostics, pharmacogenomics, and drug development, all
are important to supporting the practice of clinical genetics. This will drive new clinical tests
and incorporation of results into the clinical workflow and the regulatory environment (e.g.
FDA), which ultimately needs to include clinical decision support. However, the time frame
is long term and continuous, and requires deep integration into the clinical environment;
indeed, we must also be willing to recognize that actual implementation into clinical care
can take a decade or more (55). Ultimately, biobanks embedded in a clinical practice should
encourage a learning environment and fundamentally change the “fabric' or “ecosystem' of
health care systems to ensure rapid and valid translation of genetics results to patients and
the population (8).
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