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STAKEHOLDER FORUM:
Bedside to Bench: How Health IT
Can Power Better Clinical Research

«Stephen Ruberg, PhD — NeHC Board Member and Senior Research Fellow,
Eli Lilly & Company
*Daniel Ford, MD, MPH — Vice Dean of Clinical Investigation, Johns Hopkins

University
*Gregory Downing, DO, PhD - Director, Personalized Medicine Initiative, U.S.

Department of Health and Human Services
«Steve Schwartz — Senior Vice President, Corporate Business Development,

Allscripts
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Introduction to the Panel

* The interplay between EHRs and Clinical
Research (CR) has many dimensions
— Prospective vs. retrospective

— Controlled, randomized, blinded vs. open,
observational

— Scientific vs. operational

— Single site/country vs. Multi-site/country
— Private vs. Public

— Technology, standards, process, etc.

« Security/privacy of patients information is
assumed
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JOHNS HOPK]-NS Daniel E. Ford, M.D., M.P.H.

M EDICIMNE

Daniel E. Ford, M.D., M.P.H. did his undergraduate work at Cornell University in
Ithaca, New York, and received his M.D. from the State University of New York at
Buffalo, Buffalo, New York. He completed the Osler medicine residency at Johns
Hopkins. He received additional training as a Clinical Epidemiology Fellow at the
National Institute of Mental Health and received a Master of Public Health degree
from the Johns Hopkins University Bloomberg School of Public Health in
Baltimore, Maryland. He is the David M. Levine Professor in the Department of
Medicine, Division of General Internal Medicine, Welch Center for Prevention,
Epidemiology and Clinical Research. Dr. Ford holds joint appointments in the
Departments of Psychiatry, Epidemiology, and Health Policy and Management in
the Johns Hopkins University Bloomberg School of Public Health. Dr. Ford’s
research interests include the biological pathways accounting for the relationship
between depression and cardiovascular disease and how to improve treatment of
chronic diseases in medical settings through information technology. Dr. Ford
was appointed the Vice Dean for Clinical Investigation and Institutional Official for
the Johns Hopkins University School of Medicine in 2005. Dr. Ford is the
Principal Investigator for the Johns Hopkins Clinical and Translational Science
Award (CTSA) and was appointed the Director of the Institute for Clinical and
Translational Research in 2007. He is the Co-Director for the IT Roundtable for
the Clinical Research Forum.
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Clinical Research Challenges and
Opportunities

Daniel Ford, MD, MPH
Vice Dean for Clinical Investigation
Johns Hopkins School of Medicine

Co-Director, Clinical Research Forum

FORUM
IT Roundtable e

About the Clinical Research Forum

» Public policy and advocacy group that
leverages the senior leadership of academic
health centers to impact health care policy

» Dedicated to advancing the nation’s clinical
research agenda

e Composed of 60 of nation’s leading academic
health centers and professional societies

FORUM




Our

About the Forum

mission:
Provide leadership to the national clinical and
translational research enterprise

Promote understanding and support for

clinical research and its impact on health and
health care

Collaborate with other organizations focused
on clinical research to spread the word

FORUM

Our

About the Forum

Collaborative Activities Include:

Annual Meeting and Awards Dinner —
Opportunity to share best practices, to debate
substantive scientific and policy issues, and
honor national leaders

IT Roundtable — Public, private and academic
IT leadership forum to address clinical
research IT infrastructure issues

FORUM




Current Research Environment at
Academic Health Centers

» Expectations for research to be relevant and efficient are
growing

* Regulatory challenges increasing including billing for
services provided in context of clinical research

» Multicenter research much more common

» Trying to leverage IT and electronic medical records to
support research

» Recruitment and retention of human subjects significant
barrier to moving research ahead

» Concern that commercially sponsored research moving
out of academic health centers to community sites and
internationally

Challenges for Researchers Using
Administrative Datasets/EMR

Privacy/confidentiality protections

EMR is more integrated and easier to
search

— Clinical care/Quality improvement/Research
Meaningful use

Data on diagnosis still most problematic
Missing data on longterm outcomes




Challenges for researchers conducting
Interactive clinical research

Recruiting research participants
— Mining medical records

— Internet solutions

Multicenter trials

— Research teams need to enter data for both
local environment and coordinating center

Clinical Research Management Systems

Billing sponsors/insurance for services
related to clinical research

Clinical Research IT Challenges

» Leadership of Clinical Research IT within
medical centers

e Balancing innovation in research and need
for enterprise wide solutions

 Clinical research involves research
participants/patients, research teams, and
sponsors (NIH, CDC, Pharma,
foundations) all working together




Summary

o Opportunities for IT support of clinical
research have never been greater

» Research participants and research staff
some ambivalence toward promise of
iIntegrated research-clinical systems

» Essential that over the next few years we
demonstrate value of integrated IT
solutions for advancing knowledge to
balance any risks







Gregory J. Downing, D.O., Ph.D.
_/( Program Director, Personalized Health Care Initiative
Office of the Secretary

Department of Health and Human Services

Dr. Downing was appointed in March 2006 as Program Director for the Department of Health
and Human Services (HHS) initiative on Personalized Health Care. In this role, he coordinates
trans-HHS agency programs for the analysis, planning and implementation of policies and
systems to facilitate integration of technologies to advance the quality of health care.

Prior to coming to HHS, Dr. Downing served at the National Institutes of Health since 1993 in
research, policy, and program management roles. Dr. Downing earned his medical degree from
Michigan State University and his Ph.D. in pharmacology from the University of Kansas. He
completed his residency in pediatrics and fellowship in neonatology before joining the faculty of
the University of Missouri-Kansas City in the Department of Neonatology at The Children’s
Mercy Hospital. Dr. Downing is certified by the American Board of Pediatrics in pediatrics and
neonatology — perinatal medicine.
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Overview

Clinical research: Definition and importance

HIT and standards for clinical research
EHR Clinical Research Workgroup Activity
Core Research Data Element Capability

Next Steps




Definition of Clinical Research

Patient-oriented research is research conducted with
human subjects (or on material of human origin such
as tissues, specimens, and cognitive phenomena) in
which a researcher directly interacts with human
subjects.

» epidemiologic and behavioral studies
¢ outcomes research
* health services research

* research on mechanisms of human disease, therapeutic
interventions, clinical trials, and development of new
technologies

» does not include in vitro studies using human tissues not linked
to a living individual.

* New areas: comparative effectiveness research 3

Clinical Research Today

* ~ 60 % of trials - data collected on paper and are
entered 4-7 times total, 2-3 times by the clinicians

* ~30-40% of data are collected by electronic systems
e An average active study site has 3 disparate solutions

Implications:

« 17 year lag between research results and translation
into clinical practice

* Clinicians may not participate in research due to
administrative burden

« Patients may not see the value of participation in
clinical research




Role of Information Technology in Medical Research

HHS should consider the importance of secondary use
of medical data as it develops interoperability
requirements and other standards in its evolving
definition of “meaningful use” that will determine how
funds are spent from the 2009 stimulus package.

The goal should be to develop a national data sharing
infrastructure to support health informatics research,
rather than to create isolated, project-specific
research databases.

Daniel Castro
The Information Technology and Innovation
Foundation IEEE, 2009

| U-I

A Learning Health Care System

—

Research informs health care decisions

*Approximately $100B spent annually on medical
research in the U.S.

*Data requirements for clinical research overlap
substantially with clinical quality, safety and
efficacy capabilities.

eHealth care and clinical research need to have
consistent standards.




Harmonized Information Exchange Standards for
Clinical Research and Healthcare

Harmonization essential:

* To aggregate sufficient information across partners
such that research findings lead to informed
healthcare decisions

* For timely safety surveillance on a global scale

* To link biomarkers (including an individual's genetic
markers) to population characteristics and outcomes

* To enable clinicians to perform research concurrent
with clinical care

Net Impact:

Reduce time and costs of research; improve quality and
effectiveness of healthcare; improve safety.

Integrating Workflow: EHRs and Clinical Research

i\

Clinical Research Iq“M Mﬂ“
Public Health —— Quality
]

I
gl
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Case Réport Form sttt

i

Outbreak Report

Source: L. Bain




Addressing HIT Needs for Clinical Research

Step 1.

* Workgroup activity to prioritize areas for
standards harmonization

* Development of first capability for HITSP
interoperability specification

| w

EHR Clinical Research Workgroup Members

* Jonathan Andrus - SCDM * Paul Harris - Vande_r_bilt University
Steven Hirschfeld — NICHD
Charles Jaffe — HL7
Michael Kahn - AMIA
Linda King - Eli Lilly and Company
Judith Kramer — Duke CTTI
*Rebecca Kush - CDISC
« David Leventhal - Pfizer

Nikolay Lipskiy - CDC

Armando Oliva - FDA
* Rachel Richesson — USF
* John Speakman — NCI

* Robert Annechiarico - Duke
Comprehensive Cancer Center

o Kate Blenner — Faster Cures
e Kenneth Buetow — NCI
* Christopher Chute — Mayo

» Perry Cohen - Parkinson Pipeline
Project

* Elaine Collier - NCRR
» Kevin Coonan — Harvard
* Timothy Cromwell - VA
» Jeffrey David - HIMSS

* Peggy Devine - Cancer
Information & Support Network ¢ Gary Walker - ACRO

s *Gregory Downing - HHS
*Co-chairs 10




Qualitative Value of Standards and Interoperability

Facilitate subject recruitment and investigator
participation

«Study data in standard format readily populates
reports or publications

«Standardized dataset for all sponsors minimizes
customization of EHRs

*Electronic archive of data at research site
Integrate data from multiple sources

*Facilitate regulatory reviews and streamline
submission processes

11

EHR Clinical Research Capability

*With support from HHS/ONC and others, ANSI
convened an EHR Clinical Research Workgroup to
prioritize clinical research capabilities for HITSP

harmonization. Gﬂ?l HIiTSP

eInitial Prioritized Capability: Identify a common set of
core research data elements that can readily be
exchanged between EHRs and clinical research systems

sLong-term objective: Create an infrastructure through
which health care advances clinical research which, In
turn, informs clinical care

12




Scope of the First EHR-CR Capability

The first capability from the work group
addresses the following:

» Information comprising a core set of
research data elements already found the
iIn the EHR that are common to most

clinical research

* Processes to exchange this information
between health care and research

systems

13

Core Research Data Elements

* Reporting
Requirements

— Language
— Informed Consents
— Eligibility Verification
* Subject Demographics

e Prior and Concomitant
Medications

* Medical History

Physical Examination

Substance Use (e.g.
Habits)

Vital Signs
Laboratory Data

Untoward Clinical
Events (i.e., Adverse
Events)

14




Next Steps

1. HITSP Process complete in January 2010

2. CCHIT Clinical Research Work Group 2009

The Clinical Research Work Group has been tasked with
recommending optional criteria and test scripts to the
other certification categories to address the unique needs
of data collection and analysis to support clinical trials and
other research.

3. Meaningful use considerations for 2013/15

4. Additional areas of standards harmonization
*Patient eligibility and recruitment
*Clinical Genomics
*Safety reporting

*Compliance reporting 15

Clinical Research as Meaningful Use

The definition of meaningful use focus on healthcare areas
deemed important by the National Priorities Partnership:

1. Engage patients and families in managing their health and making
decisions about their care.

2. Improve the health of the population.
3. Improve the safety and reliability of America’s healthcare system.

4. Ensure patients receive well-coordinated care within and across all
healthcare organizations, settings, and levels of care.

5. Guarantee appropriate and compassionate care for patients with life-
limiting illnesses.

6. Eliminate overuse while ensuring the delivery of appropriate care

Evidence to fulfill each of these six priorities is

generated by clinical research.
16
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The Role of Information Technology
In Medical Research

Daniel Castro
The Information Technology and Innovation Foundatio
dcastro@itif.org

Abstract-Using information technology (IT) to modernize our
health care system will lead to improvementsin medical research.
Health informatics will allow medical researchers to determine
the effectiveness of a particular treatment for a given population
or to discover the harmful side-effects of a drug. While some of
thisresear ch will occur in the private sector, public investment in
this area will play a major role. This report finds that both the
United States and the United Kingdom commit roughly the same
percentage of total public medical research funds to health in-
formatics. However, the United Kingdom is uniquely positioned
to benefit from advancements in health informatics research be-
cause it issignificantly ahead of the United Statesin its transition
to electronic health records among primary care providers. More
importantly, the National Health Service (NHS) has made an
important strategic decision to emphasize medical research as
one of its core missions. Thus, asthe NHS continues to develop its
IT infrastructure, it will be able to make technical upgrades and
policy changes to improve information sharing and its informa-
tion base for research. The United States currently lacks the ca-
pacity being developed by the NHS to turn its existing or future
electronic health records into a usable database for medical re-
search. To benefit from the full potential of health informatics,
the United States should develop the capability to share medical
data for authorized resear ch in atimely and efficient manner.

|. INTRODUCTION

Many developed countries have announced initiatitces
modernize their health care systems with investmignhealth
information technology (IT). The goal of these iatitves is to
use technology to improve the health care systemebycing
costs, increasing patient safety and improving iguaf care.
Improving health care is a common goal for thesentiies,
but there are wide disparities in the success witith nations
have pursued this goal [1].

In particular, countries such as the United Stdiase
lagged behind some European nations in the adopifon
health IT, such as electronic health records. titerable elec-
tronic health records are a prerequisite for a modwalth
care system and the key to delivering a numbereogfits to
health care patients and payers. For example, dnapte-
rized decision support systems used in hospitaisige pa-
tients the most benefit when they use a compledeagourate

set of patient data. These systems can help eastgirn to
the core principle of evidence-based medicine—ffatents
and doctors have the best evidence available whaing a
decision about treatment.

While much attention has been paid to the degreehioh
nations have made progress with investment in Ind@ltless
attention has been paid to the level of investnemtealth IT
research. Yet evidence-based medicine relies om dpiglity
medical research. Moreover, as we enter an inerglgsdigi-
tal world, the amount of health data that will baitable to
medical researchers will be increasing substaptialhile
past medical researchers had only a few limitec gatints
recorded on paper on which to base their hypothasethe
future researchers will have massive online dagasntain-
ing terabytes of data for their analysis.

Some of the major benefits from modernizing ourlthea
care system are expected to come from the improntsria
medical research that it will enable. For exampitedical
researchers will be able to use rapid-learningthezdtworks
to determine the effectiveness of a particulartineat for a
certain population or to discover harmful side-effeof a
drug. While some of this research will occur in thévate
sector, for example through private pharmaceutieakarch,
public investment in this area will also be impatta

Already a variety of projects offer a glimpse i@ possi-
bilities that IT will allow for future medical reaech. But
achieving this vision will require substantial leaship and
effort on the part of nations to overcome the tézdinand
social hurdles ahead.

Some of the questions this paper will look at aréodows:
How are the United States and the United Kingdotegirat-
ing health informatics into their overall commitnien im-
proving health care? To what degree are thesenzativest-
ing in the technology that will provide the platiorfor this
research? How have national research instituteseased
medical research as not simply a domestic issueabuan
international challenge that must be answered witarna-
tional partnerships?

This paper will look at the degree to which the tddi
States and the United Kingdom are pursuing daengive,



IT-based medical research. The paper will reviewlipypro-
grams and efforts in this field in each countryatidition, the
report will quantify public investment in these grams—
both past investment and projected investmentsallyinthe
report will make a qualitative assessment of tHectiveness
of policies and initiatives in each country to ade@ this type
of research.

Il. BACKGROUND

A. Informaticsin Health Care

Health care is becoming an increasingly data-imtenfeld
as doctors and researchers generate gigabytesdi¢ahdata
on patients and their illnesses. While a patiesitinig the doc-
tor 20 years ago may have only generated a fewpatas—
basic information such as weight, blood pressund, symp-
toms—a medical encounter today may leave a lon dfa
digital data from the use of high-definition meditaaging to
implantable or wearable medical devices such as Ineani-
tors. More importantly, as doctors and hospitalngition
away from paper medical records, this data is Bsirgyly
being collected and made available in an electréoimat.
The availability of large data sets of digital mediinforma-
tion has made possible the use of informatics tprave
health care and medical research. Often referrex tén sili-
co” research, informatics offers a new pathway rfeedical
discovery and investigation. Informatics focusesdawelop-
ing new and better ways of using technology to essdnfor-
mation. Today, informatics is being applied at gvstage of
health care from basic research to care delivedyiadudes
many specializations such as bioinformatics, médicfor-
matics, and biomedical informatics.

The field of bioinformatics has exploded within tpast
decade to keep pace with advancements in molebidbrgy
and genomics research. Researchers use bioinfegtatgain
a better understanding of complex biological preesshy, for

computer models researchers can gain a better anel com-
prehensive understanding of how diseases affeentre bio-
logical system in addition to the effects on indival compo-
nents [2].

Medical informatics, or clinical informatics, foes on us-
ing information processing to improve health cagtivéry. It
covers various applications including using infotiowa tech-
nology within the clinical setting for medical lily, patient
and resource scheduling, and patient care. An ebearop
medical informatics is the use of clinical decisgupport sys-
tems (CDSS) which provide feedback and instrudtiohealth
care workers at the point of care. Such a systes foa ex-
ample, provide warnings of potential drug interacs to a
prescribing doctor based on a patient’s existinglioz histo-
ry and known allergies. By integrating patient mmh@tion
with clinical guidelines, health care providers daip reduce
medical errors. Adverse drug events alone accaamar es-
timated 19 percent of injuries in hospitalized gats in the
United States and cost hospitals over $2 billion year, ex-
cluding medical malpractice expenses [5].

Biomedical informatics is a unique discipline thatdges
multiple fields including medical research, clidiczare and
informatics. At its core, the objective of biomealignformat-
ics is to develop new tools and technology to bett#lect,
display, retrieve and analyze biomedical data. Sedearch
can lead to new treatments, diagnostic tests, palized med-
icine and better understanding of illnesses.

B. Benefits of Health Informatics

Bringing together large data sets of medical dath taols
to analyze this data offers the potential to expidmedresearch
capabilities of doctors and scientists. Medicakagshers can
use this vast source of biological and clinicaladiat discover
new treatments and better understand illnessesnbauti-
cal companies can use the biomedical data to coeags tar-
geted at specific populations. Health care prowdsan use

example, analyzing DNA sequences or modeling mmoteihe gata to better inform their treatments andbags.

structures. The most famous example of this is Hiuenan
Genome Project which relied on informatics to coifgeana-
lyze and sequence the 3 billion chemical base pla@tsmake
up human DNA [1]. Much progress in basic reseamh lieen
made possible by advancements in information teolgyo
including the computing power, storage technologg aoft-
ware algorithms needed to collect, store and apatlye large
data sets involved in genetic research.

Informatics has also had a major impact on thel fadl sys-
tems biology. Systems biology uses computer mogedind
mathematical simulations to predict how complexidgaal
systems will behave. For example, researchers heaated
models to simulate tumor growths. Through the a@aibn of

Applying informatics to health care creates thespumkty
of enabling “rapid learning” health applicationsail in bio-
medical research, effectiveness research and driegysstu-
dies [7]. For example, using this technology, tlue®ffects
from drugs newly introduced to the market can baitooed
in real-time, and problems, such as those founti wie re-
cently withdrawn prescription drug Vioxx, can beeidified
more quickly. Moreover, the risks and benefits mfgs can be
studied for specific populations yielding more effee and
safer treatment regimens for patients.

As Reference [7] has noted, using rapid learnichreues
can not only improve patient safety, it can alsadléo sub-
stantial improvements in the quality and cost a&c®y turn-



ing all of this raw digital data into knowledge,etie rapid
learning health networks can enable doctors teebettactice
evidence-based medicine. Evidence-based medicite igse
of treatments judged to be the best practice fogrtain popu-
lation on the basis of scientific evidence of expddcoenefits
and risks. Cost savings in health care is a growingrity in

both the United States and the United Kingdom aB trealth
care costs continue to rise and populations getroBly using
rapid learning networks, health care workers camtifly not
only the most effective treatments, but also thestnuost-
effective treatments given a patient’s specific ioaldorofile.

C. Building the Digital Platform for Medical Research

Achieving this vision of an intelligent and fullysonected
health care research infrastructure has not yen bealized.
While various pilot projects have shown success hade
demonstrated the potential benefits that can eméaya a
ubiquitous deployment of informatics in health @sh, many
technical obstacles still need to be overcome. & lndsstacles
include making data accessible, connecting existitaga
sources, and building better tools to analyze natdiata and
draw meaningful conclusions.

Much medical research data is not accessible elgctlly.
For example, one challenge for the United Statelstlae Unit-
ed Kingdom are the low rates of adoption of elagtrdealth
records among primary care providers and in hdspiEec-
tronic health records provide a complete medicstony for a
patient, including a full account of the patientlhesses,
treatments, laboratory results, medication histamngd known
allergies. Among primary care providers, approxehaione
quarter use an EHR system in the United State8@mmkrcent
use them in the United Kingdom. At hospitals, taterof use
is much lower with only about 10 percent or fewethe hos-
pitals in the United States and the United Kingdbaving
adopted EHR systems [19]. Achieving the widesprasel of
electronic health records is a necessary requirefoercreat-
ing the underlying data sets needed for biomednfaimatics
research. Access to the electronic health recdriisge popu-
lations will help researchers apply informatics#mious prob-
lems including clinical trial research, comparatiefective-
ness studies, and drug safety monitoring.

However, collecting medical data in electronic fatns on-
ly the first step. Interoperability poses a subsshrthallenge
for biomedical research. The vast amount of eleixtranedi-
cal data cannot fully be utilized by researchersabee the
data resides in different databases. Even wherothaniza-
tions that collect and distribute biomedical data willing to
share data, incompatible data formats or datafades can
create challenges for analyzing data across meltiata sets.
As a result, researchers wishing to use multipta dats must

devote significant resources simply to managingdifferenc-
es between the data and, as a result, have feweurges
available for working with the data [6].

For many years individuals in the research commyuméve
called for increased coordination and interopeitgbdmong
data repositories to advance the use of informaticlsealth
care. They have proposed various options to addnes®pe-
rability although, to date, no proposal has achideuriversal
acceptance [6, 7]. One interim solution has beendéwvelop-
ment of online communities to share programmingectal
reduce the burden of working with diverse data.SHte most
notable, Bio*, is a collection of open-source biaical in-
formatics projects that provide re-usable coderésearchers
to use that automate common computing tasks. Fample,
the project includes modular programming code toimdate
DNA sequences or combine data sets from differeath d
sources [6].

I1l. NATIONAL PRIORITIES INHEALTH INFORMATICS

Both the United States and the United Kingdom haeele
significant investments in health informatics. Med@sg the
level of public investment in health informaticstla¢ national
level is an imprecise science as many forms of oadie-
search involve an IT or informatics component. tdition,
funding for this research comes from various gowemt
sources. However, one trend is clear: the propoibmedi-
cal research that relies on mathematical modelindaba in-
tensive, high-speed computing is on the rise.

This section will enumerate the current investmegig
made by the national governments in the UnitedeStand the
United Kingdom in research to develop IT tools foedical
research. Although the distinction is not alwaysfeu, this
section makes an effort to not highlight investrsentmedical
research that simply uses IT, but rather to foaqushose that
rely on IT as the principal method for investigatio

A. United States

In the United States, the public funding for biorncad in-
formatics research has come principally throughUt®. De-
partment of Health and Human Services (HHS). WithiS,
the primary funding agency is the National Insétiof Health
(NIH), although additional funds come from the Geatfor
Disease Control and Prevention (CDC), the AgencHiealth
Research and Quality (AHRQ), and the Food and Dxdg
ministration (FDA). Some additional financial suppdor
biomedical informatics research may come from tlagidvhal
Science Foundation, although its intended misssotoifund
science and technology research outside of medicine

NIH invests $30.5 billion annually in medical resgta The
growing importance of information technology at Néidn be



seen in the increasing level of investment NIH nsakelT-

related grants. Funding for “Network and Informatidech-
nology R&D”, while not strictly funding for biomedal in-

formatics, has shown a significant increase over past 5
years. Whereas funding for FY 2005 totaled only 355ail-

lion, the NIH estimates funding will reach $950 lioih in FY

2010 [11]. The NIH also runs the High Performanaampu-

ting and Informatics Office within its Center fonformation

Technology. The mission of this office is to prawithe high
performance computing resources and tools neededidw

the NIH scientific community to conduct its biomeali re-

search. This office provides the software applaregineeded
by researchers for bioinformatics, structural bijgland pro-
teomics.

Investment in biomedical informatics research atHNI
comes principally from three sources of funding: MiH Na-
tional Centers for Biomedical Computing (NCBC), tNa-
tional Cancer Institute Center for BioinformaticdQICB),
and the National Center for Biotechnology Inforroati
(NCBI).

The NCBC is an important strategic investment foid Nn
2004, the NIH created a Roadmap for Medical Rebsetwc
“address roadblocks to research and to transforenwhy
biomedical research is conducted by overcomingipédr-
dles or filling defined knowledge gaps” [12]. Onigjective of
creating the Roadmap was to ensure that these gmsgr
would get funded since many of these initiativeghhiother-
wise fall outside the domain of existing centerthim NIH or
appear too risky. The Roadmap was initially fundgda 1
percent contribution from each center within NIHt Isince
2006 has been funded directly by Congress.

One of the three principal themes of the Roadmdp de-
velop a better toolbox for medical research thdt emable
scientists to better understand diseases at thecolal level.
A key initiative in this theme is to have a Bioinfatics and
Computational Biology initiative that will allow searchers to
share, analyze, integrate and visualize large sktta

The major project within the Bioinformatics and Quuita-
tional Biology initiative is the NCBC. NIH createde NCBC
through a two-stage funding process with the géalreating
specialized biomedical computing centers at edocatiinsti-
tutions in the United States. As described by Nhé, NCBC
is “devoted to all facets of biomedical computifigm basic
research in computational science to providingtdws and
resources that biomedical and behavioral researaeed to
do their work” [12]. In addition, the NCBC serves a center
of learning to educate and train additional bioroadinfor-
matics researchers. In FY 2004 NIH devoted betvidehand
$17 million to fund the NCBC, and in FY 2005 NIHmmit-

ted $12-14 million. A total of seven grants havermawarded
to different institutions [12].

The second major biomedical informatics prograniNgd
is NCICB. NCICB is a division of the National Candasti-
tute, an organization within NIH. Created in 200GICB has
been a pioneer in advancing the use and developaofidrib-
medical informatics infrastructure, tools, and detamprove
medical research. In 2006, NCICB was reorganizéd the
Center for Biomedical Informatics and Informatioachnolo-
gy (CBIIT). Funding for the Center has increaseddily over
the years from $71.7 million in FY 2005 to $101.2lion in
FY 2009, an increase of approximately 40 perceat dwears
[4].

The major investment in this area by NCI has beertHe
cancer Biomedical Informatics Grid (caBIG), a piagr tar-
geted at harnessing bioinformatics to advance caesearch.
While caBIG has been funded by the NCI, it is datmirative
program involving over 80 organizations. Descritesd “an
Internet for cancer research”, the caBIG projechiended to
make the vast amount of medical data being gerteitatega-
tients available, accessible and usable to med&sdarchers
by connecting cancer centers, cancer researchetspartici-
pants involved in clinical trials [2].

As explained in Reference [2] by Dr. Kenneth Beuttive
director of the caBIG program, the purpose of caBsGas
follows: “Personalized medicine is all about infation. But
for information to be useful, it has to be accdssilivhat we
are doing with caBIG is facilitating accessibilityrough inte-
roperability, essentially creating an environmetheve infor-
mation can be exchanged, integrated, and acted.’uppoad-
dition, efforts from caBIG include developing so#éite appli-
cations to manage clinical trials and share retedsata. ca-
BIG has also worked to establish a common lexiarmdfata
exchange and develop best practices for the usdeofronic
health records.

caBIG has already yielded important applicationsniedi-
cal research. For example, one tool developed By&as the
Biological Pathway Exchange which is used to mdkelsig-
nal transduction pathways, or biological pathwaysed for
communication between and within cells. These conioai
tion pathways help determine cell behavior, suclwhsther
they thrive or perish and if they spreading to ofmerts of the
body. Such research is especially useful to saEndtudying
proteomics as it helps them to better understand fproteins
interact with each other [2]. The success of tH&@gprogram
has led to the development of the BIG Health Cansor, a
public-private partnership that seeks to bring thge pre-
viously unconnected sectors of the life scienced health
care using the caBIG model to pursue researchrsopalized
medicine.



Between 2004 and 2006, NCICB (now CBIIT) provided One of the signature projects of NCBI is GenBamkaano-

$20 million annually in funding to caBIG during ifsilot
phase [3]. The pilot phase concluded in 2007 andifig for
the enterprise phase of caBIG has increased. ForG08
funding increased to $45.8 million and estimatexdfog for
FY 2009 is $43.1 million [4].

The 2010 Professional Judgment Budget Request fhem
National Cancer Institute (NCI) shows the importatitat the
National Health Institutes places on an increas@vastment
in bioinformatics. The purpose of the budget regige$o de-
scribe “what a financial infusion could make possind how
NCI would spend those monies” [2]. For 2010, thel N@s
proposed an increase of $2.1 billion in total fumglia sub-
stantial increase over its 2009 budget of approteiga$5.0
billion. Of these funds, NCI would direct a subsialinportion
of the increased investment into bioinformaticduding $40
million to increase research in systems biologys #llion
for increasing biomedical computing capabilitiesd ad100
million to expand caBIG and help support the BlGalie
Consortium. In addition, NCI proposed a substaritiakest-
ment in other research priorities with a heavy ffimimatics
component such as committing $200 million to expagd he

Cancer Genome Atlas (TCGA). The Cancer Genome Adlas

a collaborative effort with the National Human Gemo Re-
search Institute to collect large data sets ongieetic ma-
keup of various forms of cancer and develop thartelogy
needed to sequence and analyze DNA from tumorsh W
additional funds, NCI predicts it could record tpenome of
up to six tumor types per year.

The third significant source of investment in bfoimatics
from NIH comes from the National Center for Biotaology
Information (NCBI). NCBI is a division of the Natial Li-
brary of Medicine (NLM), an organization within NIHNCBI
is a significant program within NLM, accounting f&73.5
million in the FY 2006 budget out of a total NLM dget of
$329.5 million. In addition, NLM supports biomedidafor-
matics through its extramural programs divisionisTdivision
awards grants to support basic and applied res@atibmed-
ical informatics, training and education for infaticians,
resources for medical libraries, and scientific feoences. In
FY 2006 the budget for extramural programs totepé®.2
million.

Congress established NCBI in 1988 to create a maltie-
pository for molecular biology information. The ionance of
the NCBI mission has expanded with the flood of qgeit
data and the increasing reliance on bioinformatigsnedical
researchers. NCBI supports its mission by devefppmnd
supporting the information systems and softwardiegions
needed to store and analyze molecular biology asmketic
information.

tated online database of all publicly available DB&uences.
NCBI acts as a central repository for genetic saqeedata,
exchanging data with multiple international partnen a daily
basis, collecting sequence information directlynfroesearch-
ers, and receiving data submitted to the U.S. Pateth Trade
Office. NCBI offers integrated search tools suchEadrez
which searches NCBI'’s vast collection of biomedidatabas-
es and BLAST which allows researchers to find simiuc-
leotide or protein sequences in sequence databdabese
tools link sequence information with related pudtions in
databases such as PubMed thereby helping accelggate
based discoveries and research.

In addition to the funding activities already mengd, the
American Recovery and Reinvestment Act of 2009called
$1.1 billion for comparative effectiveness reseai©f these
funds, $400 million has been directed to the Of6€¢he Sec-
retary in HHS. Comparative effectiveness reseamthshpro-
vide information on the benefits and drawbacks iffecent
treatment options and offers much potential fooinfatics
research. Thus a significant portion of these funiklikely
go to support informatics-related research. TheeFddCoor-
dinating Council for Comparative Effective Reseatabked
with prioritizing spending for these funds has maoeended
the primary investment be for data infrastructéye described
in the Council’'s report to the President, “Datarastructure
could include linking current data sources to eaatiswering
CER questions, development of distributed electrotiata
networks and patient registries, and partnershigs tve pri-
vate sector” [21].

Many other federally-funded health care programefeso
made important efforts to bring together usefuladsets and
analyze this data to improve health care. For examylH
has also created the National Electronic Clinicabl$ and
Research (NECTAR) network to share clinical redeatata
between researchers and institutions. Better adoesknical
trial data will help eliminate duplication betwedgdifferent
trials and help doctors find and apply the mostafie treat-
ments. CDC runs the National Electronic Disease&llaince
System (NEDSS), a program to monitor public he&dthdis-
ease trends and outbreaks. Using public healtbydatry and
clinical data, each state implements its own eb@itr surveil-
lance system for communicable disease surveillaritber
using NEDSS or its own custom information systenregent
survey found that 40 states have a fully-functioglelctronic
surveillance system in use [13]. CDC also operBieSense,
a program designed to rapidly identify and monhaterror-
ism and disease outbreaks. The FDA launched théngén
Initiative in 2008 with the goal of developing astsm to
monitor the safety of drugs and other medical pet&luegu-



lated by the FDA. While still in its early statese goal of the
Sentinel Initiative is to allow the FDA to querytesxnal data-
bases—such as electronic health record systemsraimse
databases and other medical registries—and morilyap
detect potential threats.

B. United Kingdom

National-level funding for basic medical reseanshinited
Kingdom has historically come from two principalusces:
the Medical Research Council (MRC) and the Natidnati-
tute for Health Research (NIHR). In 2006, in regmnmo a
report published by Sir David Cooksey, the Britigtvern-
ment decided to recalibrate spending on medicaaret by
creating the Office for Strategic Coordination oédith Re-
search (OSCHR). The purpose of OSCHR is to betierdi-
nate funding for medical research at the natioeglito make
research more effective, maximize the clinical Higneor
patients, and better utilize limited resources.ldwihg the
2007 Comprehensive Spending Review, the budgetsothf
departments were combined into a single reseanctl. flihe
last stage of consolidation occurred in 2008 whentl&nd
and Wales both decided to fully commit their shafdinan-
cial resources to the research fund. By 2010, tmtalual re-
search funding will be approximately £1.7 billion.

As the October 2008 OSCHR report details, “The ORCH

Board has identified E-health records research,panticular-
ly the research potential of large electronic pdtiecord da-
tabases, as a major opportunity for UK biomedicaérsce,
patient safety and public health” [15]. OSCHR haadm a
substantial financial commitment to health inforivatin its
planned budget for 2010-2011, the period at the @hnthe
current three-year Comprehensive Spending ReviewdiRg

for this research will come both from MRC and NIHR

sources. The NIHR budget includes £18 million foe RRe-
search Capabilities Programme of Connecting forltHeia
England. The MRC budget includes £0.6 million tqpsort
collaborative programs that will study how to udectonic
data sets to improve medical research [15].

The Research Capability Programme is part of thiéoNal
Health Service (NHS), the publicly-funded healtihecaystem
that serves all residents in the United Kingdom1898, the
Department of Health created a national initiatiMé]S Con-
necting for Health, to modernize its health carestam
through the use of IT. The Research Capability Romgne is
an initiative of NHS Connecting for Health. Origilyacon-
ceived in 2005 as an initiative to gather populatdata for
epidemiological and comparative effectiveness stidithe
mission of the program has evolved into a broadreffo
transform the NHS so that health care researchcisra area
of focus. The objective is to tap into the vastembial supply

of NHS data for the purpose of improving healthecquality
and safety for patients through improved medicsdaech.

The Research Capability Programme was created -in re
sponse to a 2007 report from the UK Clinical Reseaolla-
boration's (UKCRC) Advisory Group. The UKCRC report
identified six specific recommendations for the téKimprove
its research capabilities. These recommendationkided:
mandating the use of a unique identifier in alligrat records;
making research a core objective of the NHS CareoRis
Service; making available databases of completeitodinal
medical records that cover the entire populationprbving
data completeness and data quality; addressindategy and
governance issues regarding the use of data; empagih all
relevant stakeholders [18]. In direct responsehto WUKCRC
report, the Research Capabilities Programme isentlyr de-
veloping the technical architecture, functional uiegments,
data standards, information governance, infrasirectand
stakeholder engagement needed to improve the UkKikal
research capabilities.

Outside of the NHS, the United Kingdom has seven
search councils that fund research in various dielflince
2001, all of the research councils have particippatethe UK
e-Science Programme, a coordinated effort to gigearchers
across all domains access to the large data smtsputing
resources, and software tools need to exploit imédics re-
search. Launched as a joint program between theares
councils and the now defunct Department of Tradkladus-
try, the initiative received £118 million in initidunding. It
has experienced some notable successes, for exangihg
grid computing to identify three drugs that canuised to treat
antibiotic-resistant bacterial infections. Fundifgy the e-
Science Programme also supported the developme@anf
cerGrid, an initiative to develop software toolsrégluce the
cost of clinical research and make data sharingeratficient.

While most of the health informatics research fangdi
comes from the MRC, for some of this research thRCM
partners with other research councils including Bietech-
nology and Biological Sciences Research Council§BB),
the Engineering and Physical Sciences Research ooun
(EPSRC) and the Economic and Social Research Qounci
(ESRC). For example in 2008, the BBSRC, which hasm
nual budget of approximately £450 million, estdidid a £6.5
million bioinformatics and biological resources futo sup-
port health informatics research.

Past MRC activity has shown its commitment to lreait
formatics research in previous years through itediing and
strategic decisions. Between 2005 and 2006, MR@ased
its funding for informatics fellowships from £0.86 £1.4 mil-
lion. In 2006, the MRC provided £1.1 million in fdimg to the
National Cancer Research Institute bioinformatiigative. In

re



2007, the MRC granted funds totaling £2.2 milliensupport
workforce development in bioinformatics. In 200Be tMRC
allocated £1.5 million to award grants supportihg use of
electronic databases for medical research. EPSBRCEand
the Wellcome Trust contributed additional funds ttds
project resulting in a total funding of £10 millioMRC also
worked with EPSRC to jointly fund a £2.3 milliontiative to
study how information systems can be used to dbigter
quality diagnosis and treatments in health car¢ [17

The MRC has set out a new strategic plan for 20020tL.4
that continues to emphasize health informaticsarese This
plan includes four strategic goals, one of whictiudes the
objective of fully exploiting the potential benafibf popula-
tion-based data by developing tools to use existia sets,
sharing and linking future data sets, and devefppimational
framework to support this type of research.

Various nongovernmental organizations in the Unite

Kingdom also focus on health informatics and opgrat least
in part, with public funding. For example, the Epean Bioin-
formatics Institute (EBI) at Cambridge is one oé thrimary
sites for biomedical informatics research in thatéhh King-
dom. EBI is one of the five centers of the Europktatecular
Biology Laboratory (EMBL), a major basic researaltitute
supported by public funds from 20 European natibmsaddi-
tion to providing free public access to online bital data-
bases, EBI pursues bioinformatics research andsoff®in-
formatics training to students and scientists. 008, EBI op-
erated with a budget of approximately €43.2 milligith ap-
proximately 45 percent of the budget from EMBL. BBte-
ives additional funding from various sources, inihg close
to €3 million from the NIH in the United States aadimilar
combined amount from two of the research coundifC
and BBSRC) in the United Kingdom. The remainingdsifior
EBI come from the European Commission (€8.8 mi)jliand
the Wellcome Trust (€7.5 million). The Wellcome 3tis the
largest charity in the United Kingdom, spending rappmate-
ly £600 million annually on research domesticalig abroad.

Another important nongovernmental organization gbat-
ing to this research is the National Cancer Resehrstitute
(NCRI). NCRI is a public-private partnership betwarious
stakeholders supporting cancer research in theedriiing-
dom. NCRI began the Informatics Initiative in 2088h the
goal of maximizing the impact of cancer researacbupgh the
application of informatics. It has focused on impny data
sharing within the cancer research community byettsing
internationally-accepted data standards, databases,data
tools. The primary interface to this data is theRI©ncology
Information Exchange (ONIX). ONIX is a portal tori@s
data sources and provides researchers specialadd to
search biomedical databases.

One of NCRI's key accomplishments is promoting data

sharing of all publicly funded research both thiowgeating
technical standards and enacting cultural changéhénre-
search community. The MRC has been one of the ngadi
partners in this effort having established a datriag initia-

tive in 2001. Other cancer research partners, dhcty the

Wellcome Trust, BBSRC, and Cancer Research UK lfalve
lowed with their own policies to support better algharing.

For example, in April 2007, BBSRC established a rdata

sharing policy that states that it will fund effotb make data
available with as few restrictions as possibleféother scien-

tific use by its researchers.

[V. RECOMMENDATIONS AND CONCLUSIONS

Both the United States and the United Kingdom nsige

dnificant investments in medical research. Thus ilittle sur-

prise that both nations have made investmentsforrratics
research as its importance to medical researchinces to
grow. The total public investment by the United t8ain
health informatics is substantially greater tharthia United
Kingdom. However, both countries commit roughly sgzne
percentage of total public medical research furm$ealth
informatics. Because this report has only lookeguilicly-
funded research, it cannot be used to infer whaimty pos-
sesses more technical capacity for biomedical médics re-
search.

Qualitative differences exist between the approsichken
by these two nations on health informatics. An intgat de-
velopment in the United Kingdom has been the cveatif the
Research Capability Programme. The United Kingdsmni-
quely positioned to benefit from advancements ialthein-
formatics research because it is significantly dheé the
United States in its transition to electronic Heatecords
among primary care providers. More importantly, tHelS
has made an important strategic decision to emphasedi-
cal research as a core activity that it must supftwus, as the
NHS continues to develop its IT infrastructurewill be able
to make technical upgrades to improve informatibaring
and its information base for research. Moreovecabse of its
unique role, the NHS can more directly impact isscetical
to researchers such as improving data quality tiivdts own
policy directives.

Researchers in the United Kingdom can take advantdg
the national electronic health record system witbjgets like
UK Biobank. UK Biobank is a large-scale medicalemsh
project to study how an individual’s health is affed by life-
style, environment and genes. Using both public aridate
funds, the project intends to enroll 500,000 paénts in the
United Kingdom who will participate in an initialehlth as-



sessment, provide medical samples and consenfow &aé-
searchers to monitor their medical records indefini This
project is made possible by the data sharing cépediof the
NHS that will allow researchers to track the healthpartici-
pants over the next few decades. Even initiatirgy hoject
required NHS data—NHS medical records were usaden-
tify potential participants and invite them to joihe study
[20].

The United States currently lacks the capacity dpeiavel-
oped by the NHS to turn its existing or future &legic health
records into a usable database for medical rese@hihis not
too surprising given the decentralized approacthefcurrent
efforts to increase adoption of electronic heakhord sys-
tems. In the United States, the closest alternativbe infor-
mation base the NHS is building is the HMO researehk
work, a consortium of 16 health maintenance orgditns
(HMO) in the United States that provide researcleress to
health data for a large population.

To address this deficiency, future efforts in thaited
States to speed adoption of electronic health dsceystems
should include functional requirements to allow #erond-
ary-use of medical data for research. For exampleS
should consider the importance of secondary usmetical
data as it develops interoperability requirements ather
standards in its evolving definition of “meaningfuse” that
will determine how funds are spent from the 200¢nsius
package. The goal should be to develop a natioash-d
sharing infrastructure to support health informatiesearch,
rather than to create isolated, project-specifieaech data-
bases. Many current or proposed projects focusdaimg an
additional layer of reporting requirements to healare pro-
viders to gain access to important patient dataerathan
simply making all patient data accessible for redeaFor
example, Rep. Dingell (D-MI) recently introducea ttAmer-
ica's Affordable Health Choices Act of 2009” (H.B200)
which included a provision that all health careteemreceiv-
ing federal dollars from Medicare or Medicaid prags be
required to report hospital-acquired infectionsGbC’s Na-
tional Healthcare Safety Network [10].

Challenges remain for both nations, especiallyemards to
data sharing. Continued funding is necessary teldpvthe
technical infrastructure and data standards netgé@uprove
data sharing between existing systems. In addiiomgchan-
ism is needed to allow relevant medical data tchered for
authorized medical research in a timely and efficimanner.
Safeguards must be put in place to protect papigwhcy, but
these individual protections must be balanced agdie po-
tential benefits from research. As Reference [9 bhown,
privacy regulations can have a substantial impadiechnolo-
gy diffusion. As a result, policymakers should lzitious of

implementing privacy regulations that impede tedbgp
adoption in health care, as it could have a sigaifi impact
on health care quality and medical research.

The United Kingdom appears more prepared to address

these challenges. As part of its Information Gowene and
Threat Assessment agenda, the Research CapabMitizs
gramme has produced work documents that addresg ofan
these issues relating to data sharing. For examlas identi-
fied options and next steps to develop a pseudaation
service for the de-identification of patient dadad it has ana-
lyzed the legal issues that need to be clarifiedh& United
Kingdom to use patient data for research. Issueh 88 pa-
tient consent must be resolved before data fromtreleic
health records can be used extensively for medasdarch.
Patient consent may be required to either use matiedical
data directly in research studies or to identifyigras for po-
tential inclusion in research studies.

The United States should also form a comprehensiiew
of these data- sharing challenges. For exampghatild con-
sider the current legal framework for sharing redealata.
Like the MRC, the NIH has made a clear commitmerddta
sharing. As of October 2003, NIH has required @ihgrant
applicants seeking funds of $500,000 or more ireladdata
sharing plan as part of the proposal or explain data shar-
ing is not possible. However, NIH has acknowledthed state
and federal laws, including the HIPAA Privacy Rulaay
interfere with data sharing [16].

Finally, both nations need to ensure they havengtne-
search communities. Advanced biomedical informaties
search will not only require having the technicdtastructure
in place, it will also require having a talentedpof research-
ers trained in biomedical informatics and relatiettt. In the
United Kingdom, the MRC has funded workforce tragheind
fellowships. In the United States, the NCBC hasnhesed to
expand the population of trained researchers imédical
informatics, bioinformatics and computational bd14]. In
addition, both the United States and the Unitedgom rec-
ognize the need to work collaboratively on thiseesh and
partner with the private sector. As previously dissed, re-
search communities in both countries have formedkivg
partnerships, such as the collaboration seen batifee NCI
and the NCRI.

The need for pursuing informatics in health care baen
recognized at the local, national and internatideakls. In
2005, the World Health Organization adopted Resmiut
WHAbL8.28 to establish an eHealth Strategy that chdtee
“potential impact that advances in information aminmuni-
cation technologies” could have on medical reseaaol
urged member states to implement “national eleatrpablic-
health information systems and to improve, by meais-



formation, the capacity for surveillance of, angidaresponse
to, disease and public-health emergencies” [8]hBbé Unit-
ed States and the United Kingdom have respondddgaall,
and both have made substantial commitments to ragstio
improve the use of IT in medical research in thikowaing
years.

REFERENCES

[1] D. Castro, “Explaining International Health LBadership,” Information
Technology and Innovation Foundation, Washingtd0€.

[2] “Connecting the Nation’s Cancer Community,” Matal Cancer Institute,

National Institutes of Health, U.S. Department efatth and Human Services,

NIH Publication No. 08-6363, January 2009,
http://plan.cancer.gov/pdf/nci_2010_plan.pdf.

[3] “The caBIG Pilot Phase, Report: 2003-2007,”ibia&l Cancer Institute,

National Institutes of Health, U.S. Department efatth and Human Services,

November 2007.

[4] K. Colbert, “Funding data for the NCICB,” Persd communication with
author to Office of Budget and Finance, Nationah&a Institute. (July
2009).

[5] D.W. Bates et al., “Effect of Computerized Pigyasn Order Entry and a
Team Intervention on Prevention of Serious Medizattrrors,” Journal of
the American Medical Association 280 (1998): 13B1-4.

[6] L. Stein Creating a bioinformatics nation. Na&2002; 417(6885):119-20.

[7] L.M. Etheredge, “A Rapid-Learning Health Systdrealth Affairs, 26,
no. 2 (2007): w107-w118.

[8] “Resolution WHA58.28 on eHealth”, World Heal@rganization (May
2005).

[9] A. Miller and C. Tucker, “Privacy Protection éifechnology Diffusion:
The Case of Electronic Medical Records,” ManagerSemnce, 55 (July 10,
2009): 1077-1093.

[10] United States Congress, America's Affordaidalth Choices Act of
2009, 111 Congress, session, H.R. 3200. Washington: GPO, 2009.

[11] “Estimates of Funding for Various Researchn@ition, and Disease
Categories (RCDC)” National Institutes of Healtha7, 2009),
http://report.nih.gov/rcdc/categories/.

[12] “Bioinformatics and Computational Biology”, NIRoadmap for Medical
Research. Accessed July 31, 2009.
http://nihroadmap.nih.gov/bioinformatics/index.asp.

[13] “Status of State Electronic Disease SurvedlaSystems --- United
States, 2007” Morbidity and Mortality Weekly Repovbl. 58, No. 29 (July
21, 2009): 804-807,
http://www.cdc.gov/mmwr/preview/mmwrhtml/mm5829atBah

[14] “Programs and Services: Fiscal Year 2006, W6256" NationaLibrary
of Medicine, National Institutes of Health, U.S.gaetment of Health and
Human Services (2006), http://www.nlm.nih.gov/oapleports/fy2006.pdf.

[15] “OSCHR Chairman'’s first progress report,” @#ifor Strategic Coordi-
nation of Health Research (November 2008),
http://www.nihr.ac.uk/files/pdfs/OSCHR_Progress_&¢p18.11.08.pdf.

[16] “NOT-OD-03-032: Final NIH Statement on ShariRgsearch Data”
National Institutes of Health (February 26, 2003),
http://grants.nih.gov/grants/guide/notice-files/IN@D-03-032.html.

[17] “MRC Delivery Plan: 2008/09-2010/11,” Medidaésearch Council
(December 11, 2007), http://www.mrc.ac.uk.

[18] “Research Capability Programme: Backgroundidfi, Overview and
Glossary (PD00)” NHS Connecting for Health (Augl3t 2008),
http://www.connectingforhealth.nhs.uk/systemsandses/research/docs/pd0
0.pdf.

[19] A. Jha, D. Doolan, D. Grandt, T. Scott, D. &dfThe use of health in-
formation technology in seven nations,” Internagiodournal of Medical
Informatics, Volume 77, Issue 12, Pages 848-854.

[20] “UK Biobank: Information Leaflet” UK Biobank007),
http://www.ukbiobank.ac.uk/docs/Informationleafld@b08.pdf.

[21] “Report to the President and the Congressgef@ Coordinating Coun-
cil for Comparative Effectiveness Research, U.Sdbenent of Health and
Human Services (June 30, 2009),
http://www.hhs.gov/recovery/programs/cer/ceranmigidf.



Lize,

STEPHEN J. RUBERG, PHD
Senior Research Fellow, Global Statistical Sciences

Eli Lilly and Company
Indianapolis, Indiana

Stephen J. Ruberg, PhD, is Senior Research Fellow in Global Statistical Sciences for Eli
Lilly and the newly named Scientific Leader of their Advanced Analytics organization.
He is also Adjunct Professor of Statistics at Purdue. Dr. Ruberg earned degrees in
mathematics and statistics, and ultimately a PhD in Biostatistics from the University of
Cincinnati.

In the pharmaceutical industry since 1981, Dr. Ruberg has been an industry leader in
the application of statistical methods in drug development as well as advances in data
management and eClinical technology. He has published widely in statistical, scientific,
and industry trade journals and is a Fellow of the American Statistical Association. Dr.
Ruberg received the FDA Commissioner’s Special Citation for his work on electronic
NDAs. He has been the Chair of the PhRMA Biostatistics and Data Management
Steering Committee. Most recently, Dr. Ruberg has been Chair of the Board of Trustees
of the Mathematical Biosciences Institute at The Ohio State University and Chairman of
the Board of Directors for the Clinical Data Interchange Standards Consortium.






National eHealth Collaborative
Stakeholder Forums
21 Oct 2009

Pharmaceutical Research and
Electronic Health Records

Stephen J Ruberg, PhD
Senior Research Fellow

Eli Lilly & Company

The Vision

Ubiquitous clinical data / information

Research data at the point of clinical care.
Decision support to physicians

Clinical care data at the point of research.
Rapid access to Electronic Health Records (EHR)
Finding patients, designing studies
Post-marketing: safety, health outcomes ...






