


























100% electronic health data exchange between payers, health care providers, consumers
of health care, researchers, and government agencies as appropriate.

Personalized Health Care Testbed

Achieving the computational infrastructure for PHC will require the integration of many
different components. It will also require two very different types of research endeavors.
The first type of endeavor will involve research groups that have deep expertise in one, or
a few, of the components. These groups will develop new theories and approaches to
specific problems in PHC. For example, one of these groups may develop improved
knowledge discovery tools and a health care workflow engine. Essentially, these groups
focus on one piece of the puzzle. The second type of endeavor will involve the
development of a PHC Testbed (Figure 4). The number of potential PHC interventions is
likely to increase exponentially in the coming years. The role of a PHC Testbed is to
evaluate the impact of implementation of possible PHC interventions in real clinical
practice, at a speed that is more rapid and at a cost that is much below what would be
required by a de novo conventional clinical trial. Testbed institutions will need to have
expertise across a broad range of domains.

Figure 4. Personalized Health Care Testbed Architecture

There are three foundation components in a PHC Testbed: large scale genotyping,
population coverage, and longitudinal clinical data. Potential PHC interventions that will
be evaluated by a PHC Testbed can be divided into major groups. The first are those that
involve associations between genetic or metabolic markers that are measured by existing
broad screening tools, such as large-scale SNP chips. The second base-level attribute of a
PHC Testbed is population coverage. Having a large and stable population base allows
prior information to be applied to future clinical care in a large percentage of cases. The
third base level competency for a Testbed site is an extensive repository of longitudinal
clinical data. Since the future of PHC is certain to include lifetime EHRs, attempting to
evaluate PHC interventions without many years of prior clinical data can yield spurious
results.

The next level in the PHC Testbed is semantic interoperability. Without a consistent
framework for what individual clinical terms and concepts mean, it will be impossible to
reliably identify patients or evaluate outcomes. Above the semantic layer is the
knowledge layer, which includes two components, analytics and knowledge discovery
and knowledge assimilation. The process of defining clinical phenotypes and clinical
outcomes involves the use of knowledge discovery techniques. Any successful PHC
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Testbed must have an active knowledge discovery group that can rapidly address new
questions. Knowledge assimilation is the process of incorporating structured knowledge
from outside an organization into the computational knowledge framework of the
institution. Any PHC Testbed will need a structured approach to knowledge assimilation
so that new PHC intervention can be incorporated efficiently into the institution’s
knowledge base.

Clinical care involves complex processes with multiple steps. Simple rule-based systems
are inadequate to capture these clinical workflows. The implementation of PHC will
require the implementation of electronic workflows that support the complex, multi-actor
nature of clinical care. The ultimate goal of PHC-driven electronic workflows is to
improve clinical outcomes. PHC Testbeds will need both experience evaluating clinical
outcomes and access to comprehensive data in order to determine true outcomes. This is
much easier in sites with stable patient populations and broad population coverage. Two
other components of the PHC Testbed span all levels: ethics and security and standards.

For PHC interventions to become mainstream therapy, they will need to be evaluated not
only in highly controlled studies but also in a real world practice setting, like those
represented by a PHC Testbed. A successful PHC Testbed will require expertise in such a
broad range of domains. Many institutions have strengths in one, or a few areas, but very
few have strength across the entire spectrum required for a PHC Testbed. However, the
success of PHC will be markedly delayed if such PHC Testbeds are not available.
Marshfield Clinic represents a unique combination of capabilities across this spectrum.

Wisconsin Genomics Initiative (WGI)

On October 10, 2008 Wisconsin Governor Jim Doyle announced the Wisconsin
Genomics Initiative, which is a collaborative research effort among Marshfield Clinic,
Medical College of Wisconsin, University of Wisconsin School of Medicine and Public
Health, and University of Wisconsin—Milwaukee. He stated that “By capitalizing on the
unique strengths of each institution, we have a rare opportunity to meet an important
scientific and public health need that could otherwise not be met.” The vision of WGI is
to be able to predict for individual patients in a clinical setting the risks of disease
susceptibility and treatment response using the combined power of cutting edge genetic,
phenotypic, and environmental analyses, thereby making the promise of personalized
medicine a reality (Figure 5).
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Figure 5. Predictive Personalized Medicine

Individual
Predictive Personalized & atient
Medicine IE

= Predictive Model

for
Disease
e Susceptibility
’ & Treatment
Response

3

3

'Personalized
Treatment

Repeat for hundreds of diseases and treatments

The key elements of its phase I WGI strategy are to 1) genotype up to 20,000 PMRP
participants for 1,000,000 genetic markers, 2) validate selected target phenotypes and
multiple clinical attributes from the Marshfield Clinic EHR for the PMRP cohort, 3)
integrate genetic, phenotypic, and environmental information databases and develop the
search engines to use data efficiently for scientific discovery, and 4) to build predictive
computational models using machine learning and super-computer capability, for the key
equation, Genetic + (Environment and Clinical) = Phenotype. It will then conduct initial
predictive studies (diabetes, obesity, coronary artery disease, and atrial fibrillation) to test
and improve the scientific platform, as well as a genome-wide association study
(GWAS). WG@I institutions anticipate making the WGI scientific platform, information,
and methods available to scientists across the country. In phase II, WGI plans to add a
20,000-person urban cohort, a pediatric cohort, and to expand substantially predictive
studies.

Machine

Learning

Genetic, ' . = -

Clinical, =
&

A
(]
-l
(]
1Y)
-
-
o
=
-
=
o
c
[
o
3
[=3
7]
o
=
©
QD
=
o
3
-
(7]

Environmental §
Data

242





