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Viewpoint:

Despite the information gains from Genome-Wide Association Studies (GWAS) and Next-
Generation Sequencing (NGS), there remains a chasm between this scientific knowledge
and daily clinical practice. Leveraging recent advances in genomics to improve patient care
will require Electronic Health Record (EHR) systems that incorporate genomic clinical
decision support (CDS). The Electronic Medical Records and Genomics (eM ERGE)12
consortium is bridging this chasm by devel oping interoperable systems that can integrate
large-scale genomic data with clinical workflows. We concur with arecent Institute of
Medicine report3, stating that the current document-centric approach to omic (e.g. genomic,
epigenomic, proteomic, metabolomics, and others) data will not scale, and that the storage of
raw omic datain current-generation EHRs is not feasible. While commercial EHRs may
eventually evolve to handle omic data efficiently, dedicated omic ancillary systems will be
essential in theinterim.

Historically the term “EHR” refersto the system that is used in day-to-day patient care,
while systems that collect and manage specialized data, such as laboratory, pharmacy, and
imaging, are considered “ancillary” systems. Before discussing how an omic ancillary would
function, it is useful to consider how omic data differs from conventional health data. The
simplest difference is the amount of data. Current EHRs are optimized to manage large
numbers of discrete and actionable items to facilitate clinical care. They are not designed to
store large blocks of data that do not require rapid access. When diagnostic tests create large
data sets, ancillary systems are developed to manage the data and only a subset of clinically
relevant information is transferred to the EHR. The archetypal example isimaging.
Radiologic images are stored in a Picture Archiving and Communication System (PACS).
Radiologists interpret the images to generate areport. Only the text report is stored in the
EHR's database. An EHR may interface with a PACS to display images, but does not store
them. This dichotomy is evident by comparing the amount of data stored in the EHR versus
ancillary systems. At Northwestern University, the EHR averages 375 KB per patient, while
the PACS averages 104 MB per patient (a 277-fold difference). Typical NGS identifies 3-10
million variants per individual,* requiring 5-10GB of storage (50-fold greater than
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imaging). Compression may reduce the absolute storage requirement, but will not reduce the
number of variants to be considered.

One maxim that is taught to medical studentsis never to order any test unless the results of
the test may affect a treatment decision. The implication of this maxim is that clinicians
know how they will interpret each piece of information before that information is collected.
Most clinical laboratory tests measure variable parameters (e.g. serum sodium) compared to
set reference values, allowing interpretation using the relevant clinical context. It isunlikely
that our understanding of sodium metabolism will change so radically that we would have to
reinterpret historical sodium values.

Omic datais different. An individual’ s germline genetic sequence changes very little over a
lifetime but our understanding of that sequence is changing rapidly. For yearsthe DNA
between coding regions was called “junk” but we now suspect that this DNA plays an
important role in gene regulation.>® The 1000 Genomes project has identified tens of
millions of different genomic variants the clinical significance of which is mostly unknown,
but our understanding is rapidly changing. Unlike serum sodium, the clinical implications of
an NGS obtained today will keep changing for years as knowledge evolves. This
necessitates systems that dynamically reanalyze and reinterpret stored static genomic results
in the context of evolving knowledge.

Figure 1 shows the data paths that omic data may take from collection to use. Today, most
genomic results are delivered as textual reports (Route A). Small panels of genes can be
handled as conventional laboratory results (Route B).” While some results will likely
continue in these modes, NGS will overwhelm both routes. Conventional human-centric
approaches to genomic results do not support reinterpretation as new knowledge emerges
and will be gradually replaced by computer-centric approaches.

Increasingly NGS and other high-dimensionality omic testing will become routine, creating
large, complex data sets, and setting the stage for “omic” ancillary systems. This approach
adds value by providing alocation to store variants of unknown significance until enough
knowledge emerges to move these variants into the clinic. Three paths could facilitate
transfer of actionable attributesto the EHR:

* Route C results of the genomic analysis are manually reviewed, converted to a
textual report and presented to the clinician.

* Route D creation of “computable observations” that are stored within the EHR
where the observations can be used to trigger conventional CDS rules.

* Route E incorporates an external CDS system that is queried by the EHR at
appropriate points in the clinical workflow. Although that CDS is shown as part of
the omic ancillary it is also possible that this CDS could be external to the
organization.

Large organizations will likely operate their own omics ancillary systems, in the same way
that they maintain other ancillaries. For smaller practices, reference laboratories may add
omic ancillary servicesto their existing services. The number of clinically significant
variantsis currently limited, but the availability of affordable NGS will greatly accelerate
this flow. Omic ancillaries are one way to bridge the omic chasm without waiting for an
entirely new generation of EHRs to emerge.
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Figure 1.

Integration of Genomic Datawith EHR depends on the format and complexity of the data.
Note that data paths convey high-level data flows and do not necessarily imply point-to-
point connections.
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