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Introduction
The exponential rise in genomics research over the past decade has yielded a growing
number of sequence variants associated with medication response that may have clinical
utility. Despite existing barriers, attention is turning to strategies that integrate these data
into clinical care. The CLIPMERGE PGx Program is establishing a best-practices
infrastructure for implementation of genome-informed prescribing using a biobank-derived
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clinical cohort, pre-emptive genetic testing, and real-time clinical decision support deployed
through the electronic health record.

The Road to Personalized Medicine
Personalized medicine aims to optimize clinical decisions about a patient’s care by utilizing
all available data, including genomic data. The first wave of genomic variants to emerge
with potential clinical utility are those associated with medication response; so-called
pharmacogenomic variants. To date, more than 100 medications have had their U.S. Food
and Drug Administration (FDA) label modified to include pharmacogenomic information
(1). Despite this, the clinical implementation and evaluation of pharmacogenomics lags
behind the increasing knowledge base (2). There are a number of factors that may account
for this, including an unwillingness to separate pharmacogenomics from the relatively
embryonic concept of genomic medicine. However, the risk of pharmacogenomic
interventions is generally low, and some suggest that they need only reach evidence levels of
non-inferiority compared with current prescribing practices to merit use (3). Additionally,
the rapid ascent of genomics from research to clinical translation has left many in the
provider workforce under-prepared. The recent, widespread implementation of electronic
health records (EHRs) may offer part of the solution to these obstacles. EHRs can help
facilitate the implementation and evaluation of pharmacogenomics through point-of-care
clinical decision support (CDS), which provides clinicians with knowledge presented at
appropriate times, usually through computerized alerts (4). CDS has the potential to translate
and integrate current genomic knowledge into existing clinical workflows, allowing
clinicians to make genome-informed decisions at the point of care.

The Biobank as a Model for Implementation
Large-scale DNA biobanks, repositories that collect, store and manage samples and
associated data, have allowed for the efficient and in-depth study of genotype-phenotype
associations. Just as biobanks have been an efficient tool for genomic discovery, they may
also form the basis of cohorts used to study strategies for the implementation and evaluation
of genomic medicine in clinical care. To achieve this goal, a biobank must 1) be able to
identify and re-contact participants, 2) have access to their clinical data on an ongoing basis,
and 3) have opportunities to universally or selectively implement an intervention that may
be studied.

Since 2007, almost 25,000 Mount Sinai Medical Center (MSMC) patients have enrolled in
the EHR-linked, BioMe Biobank program. Patients provide opt-in consent for de-identified
research on their EHR-derived clinical data and allow it to be linked to their genomic data.
Importantly, patients also consent to recontacting for further research. Over 70% of enrolled
patients reside in the local communities of upper Manhattan, one of the most ethnically and
socio-economically diverse areas in the U.S. with broad health disparities (Table 1). This
representative, urban clinical cohort fulfills the requirements for clinical implementation and
forms the foundation of the CLIPMERGE PGx Program.

Project Overview
CLIPMERGE PGx is a Mount Sinai Institutional Review Board (IRB)-approved (HS#:
12-00501, GCO#: 12-0931) program that aims to establish an infrastructure for the use and
evaluation of genomic information in clinical care. To achieve these goals, a pilot cohort of
1,500 BioMe patients are being subjected to pre-emptive genotyping for known variants
associated with medication response. All physicians who provide primary care through
Mount Sinai’s Internal Medicine Associates (IMA) are being invited to participate. To
facilitate clinical translation, a novel CDS engine has been developed that delivers guidance
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on actionable genomic variants in a manner that integrates with existing physician work
processes.

A Platform for Genome-Informed CDS
CLIPMERGE PGx utilizes an advanced data management system that is external to, but
communicates with, Mount Sinai’s Epic EHR (Figure 1). An external system was developed
to allow maximal flexibility when adding and modifying rules in response to new
developments in the pertinent literature, which may be less efficient if there is a dependency
on a commercial vendor. CLIPMERGE PGx decision support rules are based on actionable
variants distilled from each patient’s genotype data and are combined with relevant
phenotypic data in the CLIPMERGE database, which includes longitudinal clinical data
extracted from the EHR. A Clinical Risk Assessment Engine (CRAE) includes this database
and a rules engine that relates actionable genotype-phenotype pairs to genome-informed
advice messages. If predefined rules are met, decision support is delivered in real-time at the
point-of-care through the EHR. Decision support messages consist of a short text segment, a
link to reference material and an order set with suggested medications/doses, if appropriate.
CDS content is viewable only when there is a match of both an enrolled patient and enrolled
provider. Transactional data regarding CDS metrics, usage and clinical parameters are
automatically collected on an ongoing basis from participant’s EHRs.

Patient Selection and Recruitment
Although the CLIPMERGE PGx Program is initially consenting 1,500 BioMe participants,
the eventual aim is to recruit all participants. The pilot cohort was selected for having
regularly attended Mount Sinai IMA over the past 2 years for their primary care. This
criterion was applied primarily to ensure that BioMe patients who are cared for by
CLIPMERGE-enrolled IMA physicians are selected. Additionally, in order to enrich the
program with patients likely to have pharmacogenomically-relevant interactions (and
therefore likely to receive CLIPMERGE PGx CDS) certain inclusion criteria were applied,
including targeting patients who were known to be taking medications with
pharmacogenomic interactions such as clopidogrel, warfarin, simvastatin, tricyclic
antidepressants (TCAs), and selective serotonin reuptake inhibitors (SSRIs). Patients were
also identified for being at increased risk for receiving these medications in the near future.
Since February 2013, interested BioMe patients have been meeting with CLIPMERGE PGx
research coordinators for enrollment, consent and donation of a saliva sample for DNA
isolation and genetic testing in a CLIA-certified laboratory.

Clinical Pharmacogenomic Testing
Saliva specimens are subjected to clinical pharmacogenomic testing by the Clinical
Laboratory Improvement Amendments (CLIA)-certified Mount Sinai Genetic Testing
Laboratory (MGTL). The MGTL is currently approved for targeted genotyping of several
pharmacogenomic variants using commercially available and laboratory-developed tests.
The goal of CLIPMERGE PGx is not to validate or use a single testing methodology, but
rather to create an infrastructure that will allow the clinical implementation of useful
genomic information, regardless of how it is generated. As new pharmacogenomic practice
guidelines become available for ‘actionable’ gene/drug pairs, stored genotype data will be
released for use in CLIPMERGE PGx pending regulatory approval.

Provider Recruitment, Education and Feedback
Following consultation with institutional leadership, it was decided that the program would
initially be limited to a group of consented providers, by practice, in order to minimize
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potential disruption to the institution-at-large whilst the infrastructure is established and its’
impact evaluated. The eventual aim as the program develops is to include all Mount Sinai
providers, which will allow for greater generalizability of the outcome data generated.
Before participating in CLIPMERGE PGx, providers are required to attend a 1-hour
recruitment session. Sessions are held regularly and on an ongoing basis to ensure a high
level of provider enrollment. In addition to stand-alone sessions, scheduled teaching slots for
trainees and divisional meetings have been utilized for recruitment. All sessions are
advertised and communicated to relevant providers through existing channels. During the
sessions, providers first complete a ‘pre-training questionnaire’ about their current
knowledge of genomics, personalized medicine, and CDS (see Supplementary
Information). After completing the questionnaire, they watch a 30 minute presentation
outlining the scientific justification and content of the CDS. They then complete a ‘post-
training questionnaire’ about their background and attitudes toward prescribing decision aids
and personal genome testing. Those who complete the sessions are invited to consent and
their credentials are added to a list of participating users. In addition, each time providers
encounter CLIPMERGE CDS in the course of patient care, they will receive a survey via
email to gauge their opinions and the appropriateness of the CDS they encountered.

Development and Evaluation of CDS Content
The Clinical Pharmacogenetics Implementation Consortium (CPIC) of the
Pharmacogenomic Research Network (PGRN) develops practice guidelines for
implementing pharmacogenomics (5). These guidelines include recommendations regarding
medication selection or dosing based on combinations of genotype and phenotype, which are
an ideal resource for CLIPMERGE PGx. For example, initial CDS content was developed
for clopidogrel (CYP2C19), warfarin (CYP2C9 and VKORC1), simvastatin (SLCO1B1),
TCAs (CYP2D6 and CYP2C19) and SSRIs (CYP2D6) as these have CPIC guidelines
published or in development and/or modifications to the FDA label, with clinically-
approved genotyping assays available for implicated alleles. The creation of CDS content
was undertaken by a multidisciplinary working group of geneticists, pharmacologists,
physicians and informaticists that formed CDS content by consensus. This group will
continue to review existing CDS and to extend new CDS in response to developments in the
field, FDA label revisions, and publication of new guidelines. CDS content was also
evaluated as part of user acceptance testing by a group of CLIPMERGE-enrolled providers.

Outcome and Process Measures
CLIPMERGE PGx is concerned predominantly with the process of genomic medicine
implementation. This program will contribute to the emerging body of pilot data needed for
forthcoming larger studies that will assess the utility of genomic information in optimizing
medication efficacy and safety. In addition to quantitative transactional data (e.g., genotype
results, CDS type and frequency) and questionnaire data (e.g., appropriateness of CDS
deployment); qualitative data are being collected to provide a deeper understanding of the
barriers and facilitators to genome-informed CDS adoption. The program is designed such
that the influences of moderators like prior physician perceptions about the usefulness of,
experience with, and awareness of genome-informed CDS can be assessed.

Conclusions
In order for personalized medicine to materialize into reality, the utility of genomic
information in clinical care must be demonstrated on a large scale. But before this can be
done, or at least in parallel, tools and best-practices, both technical and human, to facilitate
the delivery of this information must be developed and evaluated so that the question of
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utility can be answered without the burden of questionable process. The CLIPMERGE PGx
Program will provide valuable insight into the mechanisms and processes that will best
support the use of genomic information in clinical care and provide an infrastructure for the
ongoing evaluation of genomic information in the context of clinical utility.
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Figure 1.
A platform for implementation of genome-informed clinical decision support (CDS). Saliva
samples from BioMe patients sent to the Mount Sinai Genetic Testing Laboratory are
subjected to clinical pharmacogenomic testing. Valid genotypes are released to the
CLIPMERGE database, which also contains longitudinal clinical data extracted from the
Electronic Health Record (EHR). These data are assessed by the Clinical Risk Assessment
Engine (CRAE), which contains pre-specified rules relating actionable genotype-drug pairs
to genome-informed advice messages. If a rule is fulfilled, decision support is delivered in
real time via the EHR. A mockup of CDS for a clopidogrel (Plavix®) poor metabolizer is
shown, consisting of a text segment, a reference link and an order set with suggested
alternative medications.
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