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The Marshfield Clinic Personalized Medicine Research Project is the largest populationbased biobank in the USA, with the ability to recontact subjects to obtain additional
information to facilitate gene–environment studies. Nearly 20,000 adults have enrolled in
the Personalized Medicine Research Project since 2001, after providing active written
consent to access their Marshfield Clinic medical records to define phenotype and
providing blood samples from which DNA, plasma and serum samples were stored.
Numerous studies are underway in the area of pharmacogenetics and genetic
epidemiology. In addition to the scientific discoveries being made, much has been learned
regarding biobanking and the management of large amounts of data being generated.
The purpose of this paper is to share the advice provided by the external Scientific Advisory
Board and the scientific lessons learned along the way to build this research infrastructure
and facilitate its use.

The Marshfield Clinic Personalized Medicine
Research Project (PMRP) was launched, along
with other international biobanking efforts, in
2002 [1]. This was followed by a Grand Challenge issued in 2003 by Francis Collins and his
colleagues from the National Human Genome
Research Institute (MD, USA) to ‘develop
robust strategies for identifying the genetic contributions to disease and drug response’ [2]. In
this visionary paper, Collins et al. mentioned
the PMRP and two other large biobanks as longitudinal population-based cohort studies that
could help to address this Grand Challenge.
The ultimate goal of the PMRP is to
translate genetic data into specific knowledge
about disease that is clinically relevant and will
enhance patient care, with the short-term goal
of establishing a database to allow research in
genetic epidemiology, pharmacogenetics and
population genetics. The PMRP is a biobank
with DNA, plasma and serum samples and
access to the Marshfield Clinic medical records
of nearly 20,000 actively consented adults aged
18 years and older. Details about the study
methodology have been published previously [3].
The purpose of the current review is to provide
a scientific update on the PMRP after 6 years of
enrollment, to provide information regarding
projects currently using the PMRP database,
and to survey some of the lessons learned
during the establishment of this biobank for
studies involving genetic epidemiology
and pharmacogenetics.
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Scientific Advisory Board
A tremendous amount of effort was invested in
the preparation of the PMRP biobank, long
before its activation in 2002. The details of our
efforts have been presented previously within
Personalized Medicine, within the specific context of discussing infrastructure development
(Scientific Advisory Board [SAB], Community
Advisory Group, and the Ethics and Security
Advisory Board) [3]. The SAB met twice prior
to the launch of the PMRP in September
2002, and once again 15 months after enrollment had commenced. Tables 1–3 summarize
the recommendations made by the SAB at
their three meetings and the actions taken.
Funding to support the SAB ran out before the
cohort was large enough to undertake studies
using the biobank.
Oversight committee
Partly in response to the advice of the SAB that a
committee be formed to review and approve
applications to use the biobank, Tissue Access
Guidelines and an Oversight Committee were
written and formed. The Tissue Access Guidelines are available on the PMRP website [101]. In
brief, in addition to Marshfield Clinic Institutional Review Board approval, scientific merit
and approval by the Oversight Committee is
required for the release of samples from the
biobank. Where external scientific merit has not
been approved through a traditional peer-review
mechanism, such as the NIH for funding, the
Personalized Medicine (2008) 5(5), 529–541
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Table 1. Recommendations from the first Scientific Advisory Board meeting, held in November 2001, and
actions taken.
Recommendation

Actions taken

Collect the DNA as planned

Recruitment commenced in September 2001

Include a control population

Cohort is population-based, allowing for case–control or
case–cohort designs

Limit yourself to a small number of focused studies,
perhaps two to three

Initially, the warfarin pharmacogenetics study was the only study
being undertaken

Create a process for people to develop project proposals
that include the core ideas about hypothesis, preliminary
data, how many subjects, study power, and how the
phenotyping will be undertaken, in 3–5 pages

The Research Foundation already has a process to review studies for
scientific merit. We are looking to streamline the process for PMRP
studies where institutional funding is not requested

Consider the warfarin pharmacogenetics study as a
proof-of-concept study where you could have results
very quickly and demonstrate the success if you assign
sufficient resources to the project

The warfarin pharmacogenetics study became the main study
undertaken. To speed the process, recruitment was performed
outside the biobank because the biobank was conducting general
population recruitment

Identify external collaborators – academic versus industry

The decision was made to concentrate on academic partnerships
initially, in part because of a negative (although not universal) reaction
from the Community Advisory Group to discussion regarding potential
collaboration with industry

Consider allowing de-identified DNA samples to be sent
off site for genotyping

The written informed consent document allows for sharing of samples
and data. Sharing of both data and samples has already occurred

PMRP: Personalized Medicine Research Project.

Research Committee at the Marshfield Clinic
will review research proposals. The composition
of the Oversight Committee is as follows:
• Director of Medical Research, Chair of
Oversight Committee
• Principal Investigator of the PMRP
• Department Chair of Medical Genetics
• Director of the Center for Human Genetics
• Director of the Marshfield Clinic Laboratories,
or his/her designee
• Director of Informatics and Decision Support
• One or two members from the University of
Wisconsin, Madison (WI, USA), ideally one
with expertise in statistical genetics
The Director of Medical Research has discretion to add additional ad hoc, permanent or exofficio members as necessary. The Oversight
Committee meets monthly to review applications to use the biobank and to prioritize infrastructure projects, such as the many information
systems projects to facilitate access and quality
assurance for the three specimen types. They do
not assess scientific merit; rather, they consider
issues such as the amount of sample remaining
and the quantity of sample requested for a study.
Requests to the Oversight Committee to
access PMRP samples are submitted and tracked
online. Laboratory staff do not release samples
until all approvals have been documented,
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including a Material Transfer Agreement if necessary. The legal department at the Marshfield
Clinic developed a template for Material Transfer Agreements involving PMRP samples to
speed up the approval process.
So far, no requests to access the plasma or
serum samples have been reviewed by the Oversight Committee. We anticipate that the decisions surrounding the release of those specimens
may be more challenging, given the smaller
quantity and the lack of an equivalent technology to whole-genome amplification to allow
preservation of the original sample.
Sample tracking
A significant challenge for the PMRP was the
ability to manage the collection and tracking of
biological samples. The PMRP uses Marshfield
Clinic’s practice management and laboratory
information systems (LIS) for subject recruitment and DNA, plasma and serum sample collection. The initial decision to use these systems
was based on cost and the length of time it
would take to implement another information
system to support the recruiting and sample collection efforts. The LIS was not designed to link
multiple samples together for an individual or to
track the location of an individual’s genetic
material within the freezer or elsewhere, after
several generations of plating. In addition,

future science group

The Marshfield Clinic Personalized Medicine Research Project – SPECIAL REPORT

Table 2. Recommendations from the second Scientific Advisory Board meeting, held in April 2002, and
actions taken.
Recommendation

Actions taken

Publish a paper in a peer-reviewed journal defining the
characteristics of the population and demonstrating the
power of the population, incorporating genetic data if it
did not slow the time to publication

Two papers were published, one in 2005 [3] and one in 2007 [18],
describing the biobank and available data

Expand on the collection of family cohorts

Information about relatedness is collected on the enrollment
questionnaire. The decision was made not to recruit families specifically
but to build a population-based biobank for association studies

Proceed with clinical studies; complete the warfarin
study within 6 months

The initial paper from this study was published in 2004 [27]; it was
delayed, in part, by recruitment difficulties in the clinic. The prospective
clinical study commenced immediately after the retrospective study was
completed, with results published in 2005 [29]

Consider alliances with other entities to obtain
collections of SNPs/haplotypes and software for analysis

Collaborations have been initiated with scientists at the University of
Wisconsin (WI, USA), with support from the Clinical and Translational
Science Award, and with scientists at Vanderbilt University (TN, USA)

Continue diligence in seeking appropriate methods
for genotyping

Genotyping technologies are continually assessed. In the context of
multicenter studies, whole-genome association genotyping is being
conducted at core laboratory facilities. Candidate-gene studies in-house
are completed on the Sequenom® platform

Consider how in-house SNP discovery will be undertaken

This has not been undertaken due to limited staff and the decision to
prioritize the development of the phenotypic infrastructure

quality information for each sample was stored
in another unrelated database and needed to be
merged into a single system for efficient specimen management. Owing to these limitations,
the PMRP evaluated options to either modify
the existing LIS for biospecimen management or
purchase a commercial system. At an early stage,
focus was directed at evaluating commercial biospecimen tracking systems because the internal
software development resources were limited.
Four commercial systems were evaluated, with a
final selection of the Nautilus® biospecimen
tracking system (Thermo Fischer, PA, USA).
The Nautilus product offered a complete specimen tracking system with many out-of-the-box
customizable features and integration tools that
would allow PMRP software developers to customize user interfaces and interface to Marshfield Clinic information systems. The laboratory
technicians found the Nautilus user interface
easy to follow and felt that the solution met the
functionality requested. The PMRP laboratory
and informatics teams are currently redesigning
many workflow processes and integrating Nautilus to promote efficient specimen handling for
PMRP and other research activities.
Informatics has been a critical part of the
PMRP since its infancy. One of the basic goals
of this project was to use both genetic sequence
data and existing clinical data to accelerate the
study of diseases. To this end, PMRP capitalizes
future science group
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on the use of Marshfield’s in-house developed
Cattail’s Software Suite to provide most of the
clinical data for this effort. Data from the Cattails Suite are deposited into a centralized data
repository, where they are used for the ongoing
clinical care of patients. Data from the centralized data repository are transferred nightly to
Marshfield Clinic’s data warehouse, where the
data are cleansed and integrated into the existing data warehouse structure. Prior to adding
data sources to the data warehouse, the data
source is modeled and then integrated into the
enterprise data model. This enables the data
warehouse development team to standardize
names, data types and variable definitions. The
data are also grouped into logical subject areas
that are understandable to the users of the data.
Internally developed applications and commercial bioinformatics tools provide access to the
data for a variety of clinical and business users.
Figure 1 denotes the strategy used to develop the
data warehouse. Within the data warehouse,
patient data from as early as 1960 are available
electronically and linked together by a unique
patient identifier. The data carry a time stamp
so historical profiles of clinical activity can be
developed for each PMRP participant. Data
from the data warehouse are used for PMRP
studies and enable scientists to accurately identify and categorize patient’s phenotypes for
research studies.
531
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Table 3. Recommendations from the third Scientific Advisory Board meeting, held in November 2003, and
actions taken.
Recommendation

Actions taken

Have a narrow focus on a smaller set of projects
with more depth

After initiating three internal studies initially, the decision was made to further
encourage external collaborations and use of the database, thus the number
and scope of projects increased

Define an overall concept, vision and well-defined
priorities. Consider hiring a Scientific Director

The overall goal of the PMRP is to translate genetic data into specific
knowledge regarding disease that is clinically relevant and will enhance patient
care, with a short-term goal to establish a database to allow research in genetic
epidemiology, pharmacogenetics and population genetics. Funding limitations
have precluded the hiring of a full-time Scientific Director, but the Oversight
Committee fulfills this role

Develop more external collaborations

Members of the Pharmacogenetics Research Network were invited to
Marshfield in July 2006 to learn more about the PMRP. This visit resulted in the
establishment of several collaborations, as mentioned in Tables 5 & 6. The
Clinical and Translational Science Award is helping to facilitate increased
collaboration with scientists at the University of Wisconsin (WI, USA)

Decide on the relative balance between creating
the PMRP as a national resource versus a research
activity at Marshfield. If it is going to be a national
resource, more details about data sharing need to
be available

The decision was made to further encourage external collaborators, in part to
realize the potential of the resource for genetic discovery. Guidelines for access
are available on the PMRP website [101]

The SAB should meet more regularly, perhaps
twice per year

The grant that supported the SAB meetings ended, so additional meetings
could not be held

PMRP: Personalized Medicine Research Project; SAB: Scientific Advisory Board.

Personalized Medicine Research Project participants are asked to supply information on
their health habits, environment, family history
and parent–sibling–child relationships. These
data reside in the data warehouse and are thereby
useful for PMRP studies. The Institutional
Review Board and PMRP Oversight Committee
provide approval for the use of these data. Data
security controls have also been developed to
ensure use of these data for PMRP studies only
unless appropriate approval has been granted for
additional use.
Figure 2 denotes three distinct sources of data
used by the PMRP. The data within this figure
flow from left to right into the Personalized
Medicine Research Database (PMRD). The clinical data flow was described previously in the
data warehouse discussion. Clinical data consisting of diagnoses, laboratory values, procedures,
insurance claims, clinical registry, billing and
medications data, found within the data warehouse, are used to phenotype PMRP subjects.
Once a study population (and associated study
data) are identified and validated, data analysis
variables are packaged and sent to an encryption
process prior to being merged with the genetic
data located in the PMRD.
Personalized Medicine Research Project data
represent a second data flow (shown in green in
Figure 2). The movement of these data is similar
532

Personalized Medicine (2008) 5(5)

to the clinical data flow, except that the data are
collected as part of the PMRP. These data
include information on a subject’s environment,
health habits, pedigree and family history. The
PMRP data can either be packaged with the clinical data or packaged separately before sending to
the encryption process.
When genetic samples are genotyped, the
genetic data are deposited directly into the
PMRD. A map between the genetic data sample
identification number and the patient’s
encrypted identification number is kept so that
all types of data can be combined for analysis.
The PMRD has dramatically expanded in size
since inception, and genotype data storage estimates are expected to exceed 10 terabytes over
the next 2 years. The current database and data
storage architecture will not support the estimated growth, thus the PMRP informatics team
is evaluating options for future system growth.
Study infrastructure & additional data
Manolio and Collins of the National Human
Genome Research Institute discussed the complexity of studying the interaction of genes and
environment in health and disease [4]. Limited
personal exposure information was collected on
the original PMRP enrollment questionnaire
(smoking and alcohol use primarily), in part to
encourage a high participation rate, leaving the
future science group
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Figure 1. The Marshfield Clinic data warehouse.

Data collection systems

Information applications

External
sources
Hospital

Subjects

End user defined
applications

Sun Unix

Dr statistics

Lawson
Lab

NT SQL server

SHP

Sun Unix

Oracle

NT

MARS
Access

Clinical

Operations
SHP claims
Financials
Geography/time
Hospital
Clinical
Patients
Staff/customers

Research

MS Excel
Business
Clinical
registries

Data extraction
Transforming
Data cleansing
Metadata capture

End users

Casemix

Dr statistics

Diagnosis

Patient

MECCA
data retrieval
Lab cytology

RMI

MECCA

Transcription

Lab

Heart

Patient
satisfaction

Cost/Acct

Procedures
Performance
statistics

Patient/provider
activity

Customer

Data access
tools

Application development
Metadata capture

Information
access

Data warehouse
Data modeling
Performance tuning
Metadata capture

Elapsed days

Quality assessment and feedback
Personalized Medicine, ©
Future Science Group Ltd (2008)

Redrawn with permission from Marshfield Clinic. © 2000.

possibility of recontact open through the written informed consent document. Given that
dietary intake and physical activity are related
to so many health outcomes, the strategic decision was made to retrospectively collect the data
on enrolled subjects and to add the data collection prospectively with new enrollment. Marshfield Clinic is a partner with the University of
Wisconsin in their Clinical and Translational
Science Award and Institute for Clinical and
Translational Research [102], and this collection
of dietary intake and physical activity data was
a major infrastructure project in years 1 and 2
of Clinical and Translational Science Award to
increase the value of PMRP as a research
resource for gene–environment studies. The
Marshfield Clinic Institutional Review Board
reviewed and approved the protocol.
Dietary intake

Consideration of several dietary assessment tools
was undertaken. The gold standard, weighed
food records, were deemed to be impractical due
to the respondent burden and expense to quantify nutrient intake from the records. The 24-h

future science group
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recalls were also considered to be too burdensome to subjects and staff. Food frequency questionnaires (FFQs) are widely used to assess
dietary intake in epidemiologic studies because
they are more representative of usual intake and
less expensive to implement than other methodologies, including weighed food records and
24-h dietary recalls, as they are usually selfadministered [5,6]. The selected FFQ for the
PMRP, the Diet History Questionnaire (DHQ)
[103], was developed by researchers at the
National Cancer Institute and has been shown to
be superior to the commonly used Willett FFQ
and similar to the Block FFQ for estimating
absolute nutrient intakes [7–13]. The DHQ comprises 124 separate food items and asks about
portion sizes for most foods. In addition, there
are ten questions regarding nutrient supplement
intake. The DHQ is printed and scanned by
Optimum Solutions (CA, USA). After scanning,
the data from the questionnaires will be stored in
ASCII format and uploaded into the nutrient
analysis software package. Diet*Calc software,
available from the NIH, will be used for the
nutrient analyses of the DHQ data [104].
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Quantification of physical activity

• Validated for use in a similar study population
across a range of ages

mary DHQ data are presented in Table 4.
Although average total daily caloric intake was not
significantly different between the two groups, the
data reveal significant differences in many of the
other specific nutrient and food categories
between obese and healthy weight subjects. Follow-up with the rest of the PMRP cohort to
obtain these data is anticipated to be completed
by the end of 2008.
The DHQ and physical activity questionnaires have been added prospectively for all new
subjects being enrolled into PMRP. Subjects are
given the questionnaires and asked to complete
them and return them in stamped, self-addressed
envelopes. With no further reminders, the
response rate for prospective collection has been
74%, thus demonstrating the efficiency of
collecting information at the time of enrollment.

The selected physical activity questionnaire, the
Baecke questionnaire, is self-administered, validated for use in both men and women, and currently being used in a large, prospective study in
the USA [14–17]. The questionnaire has been shown
to have high reliability (coefficients ranging from
0.74 to 0.88) and accurate assessment of both
high-intensity activity and light-intensity activity,
such as walking. It comprises 16 questions and
generates three indices of activity: a work index, a
sport index and a leisure-time index.
The initial selection of PMRP subjects from
which to obtain the DHQ and physical activity
data included people with a BMI of 40 or over
and two age- and sex-matched subjects with a
BMI under 25 per obese subject. Two mailings
and a follow-up telephone call led to a 65%
response rate (n = 2103 completed questionnaires) in subjects who could be contacted. Sum-

Genetic association studies
The following sections outline the studies that
are currently accessing the PMRP biobank under
the categories of pharmacogenetics and genetic
epidemiology. Although the PMRP was also
designed to support studies of population genetics, to date there are no projects in this area. In
addition to summarizing the study objectives, we
have included infrastructure lessons learned
through these studies. Results appear in separate
peer-reviewed publications, as well as the PMRP
study newsletters available on the PMRP
website [101]. As suggested by the SAB in their
early meetings, scientific discoveries using the
PMRP have been enhanced through external
collaborations, with a number of collaborations
with members of the Pharmacogenetics Research
Network [105].

As with measurement of dietary intake for epidemiologic studies, there are a number of different
validated tools that have been used to measure
physical activity in previous studies. The agreement between physical activity questionnaire and
gold standard tends to be somewhat lower than
for dietary intake, but is reasonable for ranking
relative activity levels in groups. We have chosen
to use a previously developed physical activity
assessment tool to allow comparison with results
from other study populations. Requirements of
the selected tool for the current study included:
• Self-administered
• Previously validated

Table 4. Comparison of daily dietary intake between healthy weight (BMI <25) and obese (BMI ≥40) subjects.
Nutrient

Median (5th percentile, 95th percentile)

p-value

Healthy weight, n = 1249

Obese, n = 529

Total energy (kcal)

1654 (815, 3749)

1711 (764, 3827)

0.23

Fat (%kcal)

32.0 (19.9, 42.9)

33.7 (21.8, 44.8)

<0.001

Saturated fat (%kcal)

10.7 (6.0, 16.7)

11.4 (7.1, 17.0)

<0.001

Protein (%kcal)

15.5 (10.6, 20.3)

16.7 (11.1, 21.4)

<0.001

Carbohydrate (%kcal)

52.2 (38.2, 67.5)

49.8 (37.0, 65.0)

<0.001

Calcium (mg)

844.7 (295.6, 2059.4)

819.8 (283.7, 2086.1)

0.35

Dietary fiber (g)

16.4 (6.7, 37.8)

16.1 (6.0, 38.8)

0.54

Iron (mg)

13.3 (5.9, 28.5)

13.2 (5.8, 29.1)

0.73

Vitamin A (µg)

759.5 (272.4, 1820.7)

764.5 (287.1, 1910.7)

0.01

Vegetable servings

3.2 (1.1, 8.9)

3.5 (1.0, 10.1)

0.01

Dairy servings

1.6 (0.3, 5.4)

1.5 (0.3, 5.3)

0.18

Grain servings

4.0 (1.6, 9.7)

4.1 (1.5, 10.5)

0.56

future science group
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PGRN colleagues

None

None

Medical College
of Wisconsin
(WI, USA)

External
collaborations

Many women had not undergone BMD testing to confirm control
status. An article was written for the twice-yearly PMRP newsletter
describing the study and informing women of screening guidelines
related to BMD testing in women aged 50 years and older

Initial feasibility estimates overestimated the number of FMS cases in
the PMRP cohort when applying strict diagnostic criteria. The project
timeline was altered to allow for targeted recruitment of FMS subjects
from zip codes other than the original 19 zip codes selected for
PMRP enrollment

The original sampling frame (adults living in their own homes)
precluded us from studying diseases for which people typically no
longer live in their own homes. Subsequently, enrollment was opened
to include nursing-home residents. Another lesson learned with this
project, the first to genotype PMRP samples, was the need for more
quality assurance as the samples are processed. One error in the sex
markers was identified in this study of 450 subjects, and highlighted
the need to develop a molecular fingerprint to identify the samples. The
results of this project will be reported separately. Another lesson
learned in this project was the amount of time necessary to characterize
drug exposure from the mining of electronic notes for indication of
drug use. Finally, we discovered that the smoking questions in the
original PMRP questionnaire did not allow for the calculation of pack
years because they did not include a question about how long subjects
had smoked. Subsequently, postcards were mailed to the nearly 10,000
PMRP subjects who reported that they had ever smoked cigarettes to
collect information about duration of smoking.

The scientific merit review process for projects requesting internal
funding is too rigid for studies that do not require funding, and a
streamlined process for PMRP studies is in development

Lessons learned

In preparation

In preparation

In preparation

None, as the
project was only
approved in 2008

Publications

AD: Alzheimer’s Disease; BMD: Bone mineral density; CAD: Coronary artery disease; FMS: Fibromyalgia syndrome; GWAS: Genome-wide association studies; HDL: High-density lipoprotein;
MI: Myocardial infarction; PMRP: Personalized Medicine Research Project.

To identify candidate genes for
osteoporosis and to quantify potential
gene–environment interactions with
cigarette smoking and statin use

Osteoporosis

To identify candidate genes for AD and
quantify gene–environment interactions
with statin use, cigarette smoking
and BMI

AD

To study a candidate gene for FMS and
quantify gene–environment interaction
with cigarette smoking, motor vehicle
accidents and other trauma

To sequence a gene thought to be
associated with glaucoma prevalence

Glaucoma

FMS

Purpose

Study

Table 5. Genetic epidemiology studies using the Personalized Medicine Research Project biobank, lessons learned and resulting publications.
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To serve as a replication cohort for
GWAS to identify markers associated
with CAD

To develop electronic algorithms for
cataract and low HDL, to conduct
community consultation activities
related to data sharing, and to conduct
a GWAS of cataract and low HDL

To study candidate genes associated
with diabetes and dyslipidemia in
subjects with a BMI of 40+ and identify
potential gene–environment
interactions with diet and activity

To identify candidate markers in the
vitamin D pathway that increase risk
for hypertension and hypertensive
heart disease

To replicate two SNPs on 9p21
identified in GWAS for MI [21] in the
context of known clinical covariates,
including age, sex, smoking, physical
activity, diabetes, BMI, family history of
MI, and hypertension

CAD

Cataract and
low HDL

Dyslipidemia
in severely
obese subjects

Hypertensive
heart disease

Myocardial infarction

Medical College
of Wisconsin,
University of
Wisconsin

University of
Michigan
(MI, USA)

Medical College
of Wisconsin

University of
Wisconsin (WI,
USA), Medical
College of
Wisconsin,
Vanderbilt
University
(TN, USA)

Medical College
of Wisconsin

External
collaborations

The first study to use all 20,000 PMRP samples, this study benefited
from a master plating project that significantly reduced the time to
create plates to ship off site for genotyping

Replication of findings from animal models is a sound strategy

A standard template for Material Transfer Agreements speeds the legal
process to allow the shipment of samples to other laboratories
for genotyping

The amount of disc space to store and manage data from GWAS is
substantial. Although the PMRP consent form allows for data sharing, it
needs to be more explicit about the data-sharing requirements of
GWAS funded by the NIH

Changes in the reading of carotid ultrasonography over time
necessitate manual review of charts to classify case–control status

Lessons learned

None yet, as the
project was only
recently initiated

In preparation

None yet, as
the project has
only recently
been initiated

Community
consultation
manuscript
under review

None yet, as the
study was only
recently funded

Publications

AD: Alzheimer’s Disease; BMD: Bone mineral density; CAD: Coronary artery disease; FMS: Fibromyalgia syndrome; GWAS: Genome-wide association studies; HDL: High-density lipoprotein;
MI: Myocardial infarction; PMRP: Personalized Medicine Research Project.
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Table 5. Genetic epidemiology studies using the Personalized Medicine Research Project biobank, lessons learned and resulting publications (cont.).
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To identify candidate markers
that predict a 20% or greater
drop in intraocular pressure

To identify genetic markers
of LDL response to
atorvastatin

To evaluate candidate
markers for HbA1c response
to metformin in Caucasians
from PMRP and
African–Americans from
Kaiser Georgia (GA, USA)

To identify predictors of
stable warfarin dose and
develop a dosing calculator
to include all known
modifiers of stable dose

To identify makers for
response and adverse
reactions (deep-vein
thrombosis) to tamoxifen for
breast cancer

To identify genetic markers
that predict the most
common toxicity for one
of the most commonly
prescribed drugs in the world

Topical β-blockers
for glaucoma

Statin efficacy

Metformin
for diabetes

Warfarin

Tamoxifen in
breast cancer

Statin myotoxicity
and rhabdomyolysis

Pharmacogenetics
Research Network
(Children’s Hospital
Oakland Research
Institute), Medical
College of Wisconsin

Pharmacogenetics
Research Network
(Indiana University,
IN, USA), Medical
College of Wisconsin

Pharmacogenetics
Research Network
(University of Florida,
FL, USA),
International
Warfarin Consortium

Pharmacogenetics
Research Network
(University of
California, San
Francisco, CA, USA),
Kaiser Georgia

Pharmacogenetics
Research Network
colleagues
(Children’s Hospital
Oakland Research
Institute, CA, USA)

Medical College of
Wisconsin (WI, USA)

External
collaborations

Statin myotoxicity is very difficult to phenotype using medical records
because the documentation of pain symptoms is not standard

A standard template MTA speeds the legal process

As recommended by the SAB, this was the first study to showcase the
potential of the Marshfield biobank and to develop many external
collaborations, including one to identify new compounds for clinical testing.
These studies have led to several peer-reviewed publications, the discovery
of a new genetic association with warfarin stable therapeutic dose, funding
from the Agency for Healthcare Research and Quality to prospectively
evaluate the efficacy of gene-based prescribing for warfarin, and the
development of the IWPC, an international consortium aggregating
6000 patient’s data to study warfarin pharmacogenetics. The data from the
IWPC will be placed in the public domain through the PharmGKB
website [109] in late 2008

As the PMRP is 98% Caucasian, collaboration with other groups is essential
to allow replication of findings in other race/ethnic groups

Allow additional time for MTAs that need to be reviewed and approved by
multiple institutions. Master DNA plates dramatically decrease the amount
of time necessary to identify and plate DNA samples for genotyping

Conservative definitions for windows of follow-up data create homogenous
datasets, while decreasing sample size

Lessons learned

[32,33]

Under review

[27–31]

[25,26]

[22–24]

Publications

IWPC: International Warfarin Pharmacogenetic Consortium; LDL: Low-density lipoprotein; MTA: Material Transfer Agreements; PMRP: Personalized Medicine Research Project; SAB: Scientific Advisory Board.
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Study

Table 6. Pharmacogenetic studies using the PMRP biobank, lessons learned and resulting publications.
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Genetic epidemiology

In addition to standard case–control studies of
disease onset, the PMRP is ideally suited to the
study of risk factors for disease progression,
because over 20 years of medical history information is available for approximately 75% of the
cohort [18]. Table 5 summarizes the genetic epidemiology studies using the PMRP database and
the many lessons learned.
Pharmacogenetic studies

Prior to the implementation of electronic prescribing and a paperless environment in 2007,
mention of medication use in the text was captured through natural language processing and is
available back to 1993. These resources have
allowed the initiation of many pharmacogenetic
studies, several of which are in collaboration
with colleagues in the Pharmacogenetics
Research Network [105]. As with genetic epidemiology, many lessons have been learned to increase
efficiency and accuracy (Table 6).
Conclusion
In summary, much has been learned since the
PMRP was launched in 2002, and many discovery projects are underway. With each new study
undertaken, it is important to revisit procedures
to be sure that they keep pace with genetic and
statistical tools that are being developed and
refined. We have found that it is far more efficient
to collect personal exposure and environmental
data at the time that people are enrolled into the
biobank and to conduct quality assurance on the
samples as they are received. Collaboration has
greatly enhanced the science, and multidisciplinary teams are essential to address the complex
issues involved with studying complex diseases. As
new biobanks are being initiated, the sharing of
methods and standards will help to facilitate
sharing of data for comparison and replication.
Future perspective
Biobanking

Banking of biological materials for research and
clinical purposes will likely continue to increase
and will decrease the time between discovery
and clinical translation. Much can be learned
by sharing the success and failures of these
endeavors. The PMRP has been committed to
sharing data, and lessons learned, for the wider
scientific community.
The current National Human Genome
Research Institute-funded electronic medical
records and genomics (eMERGE) network [106],
future science group
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of which PMRP is a member, is charged with
developing standards to allow for the efficient
sharing of data from across the network. The
eMERGE network is a national consortium
formed to develop, disseminate and apply
approaches to research that combine DNA
biorepositories with electronic medical record
systems for large-scale, high-throughput genetic
research. Through researching new methodologies and disseminating the information, this
consortium will improve the use of biorepositories for genomic research. The five sites funded
included Marshfield Clinic, Northwestern University (IL, USA), Vanderbilt University (TN,
USA), Mayo Clinic (MN, USA) and Group
Health Cooperative (WA, USA).
Organizations such as the Public Population
Project in Genomics (P3G) [107] are also seeking
to develop best practice for biobanking. P3G is a
not-for-profit international consortium to promote collaboration between researchers in the
field of population genomics. It was launched to
provide the international population genomics
community with the resources, tools and knowhow to facilitate data management for improved
methods of knowledge transfer and sharing. Its
main objective is the creation of an open, public
and accessible knowledge database. The motto is
‘transparency and collaboration’. All groups benefit from the sharing of methodologies and data.
The challenge for all of these groups is to
identify infrastructure funding and to ensure
timely translation of research results.
Translation into personalized healthcare

Small- and large-scale genetic association studies
are moving expert biological knowledge from the
bench to the bedside at an unprecedented rate.
The Personalized Health Care Initiative from the
Department of Health and Human Services seeks
to “improve the safety, quality and effectiveness of
healthcare for every patient in the US by using
genomics … to enable medicine to be tailored to
each person’s needs” [108]. The substrate of functional genomics is expanding geometrically, and
efficient bioinformatics resources are being developed feverishly in an effort to help scientists and
clinicians leverage this knowledge to improve
healthcare. The potential seems unlimited.
Genetic risk determinants can be merged with
clinical data to predict patient risk, before the
onset of disease. This should allow focused early
intervention for patients at highest risk. Genetic
markers can also be used for risk stratification once
a particular condition has developed. This should
539
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optimize secondary prevention and reduce the
burden of comorbidity being placed upon our
healthcare infrastructure as the population continues to age. Genetic markers will also be highly useful in directing therapy, in the context of
pharmacologic as well as nonpharmacologic intervention. For drugs with a narrow therapeutic
index, this has already become a clinical reality.
Many antineoplastic agents are prescribed and/or
dosed based upon genotype in an effort to reduce
the risk of adverse drug reactions, and evidence is
mounting that this approach will be beneficial for
other drugs, such as anticoagulants. As technology
advances (e.g., genome-wide association studies),
the genetic architecture underlying drug response
will almost certainly become more fully characterized for a multitude of therapeutic agents, making
this prospective gene-based approach to risk reduction and treatment prescription advantageous for
all drugs, including those with a relatively wide
therapeutic index [19,20]. Proteomics and metabolomics will further the usefulness of genomics discovery for personalized healthcare. The vast
amount of information necessary for discovery and
decision support requires a robust informatics
infrastructure. A well-designed and -executed
biobank is merely the first step in the path from
basic discoveries to personalized healthcare.
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Executive summary
Scientific Advisory Board
• The Scientific Advisory Board was very useful in advising on design and strategic issues for growth and development, and it would
have been useful to have their advice on issues that developed as the biobank grew, such as new technologies. Infrastructure
funding to support the continued engagement of the Scientific Advisory Board has been difficult to identify. Institutional support
from the Marshfield Clinic on an annual basis must be prioritized, and has been used to continue recruitment and to develop the
bioinformatics tools necessary to access the biobank.
Oversight Committee
• It is neccessary to develop the process and procedures to access the biobank and make forms available online. The Oversight
Committee should have representation from content experts in the types of samples available, as well as the informatics support
crucial to the studies.
Sample tracking
• It is neccessary to outline the computer hardware and software needs to manage an ever-growing genotypic and phenotypic
dataset that allows for easy searchability. The advantages and disadvantages of developing the necessary software in-house or
purchasing a system and having it customized as needed must be weighed up.
Study infrastructure & additional data
• The collection of personal/environmental exposure data at the time of study enrollment should be considered. Fewer resources are
required to collect the information at the time of enrollment, and the participation will be higher then. However, the amount of
data collected should be weighed against the potential for a lower participation rate initially because of respondent burden.
Genetic association studies
• Many lessons have been learned in the conduct of the genetic discovery studies, as outlined in Tables 5 & 6. Constant review of
procedures to keep pace with changes in technology is essential.
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106. The eMERGE Network – Electronic

108. HHS.gov: Personalised Health Care

101. Marshfield Clinic Research Foundation

Medical Records and Genomics
www.gwas.org
•• Public website for the eMERGE network, a
consortium of five sites funded by the
National Human Genome Research
Institute to develop, disseminate and apply
approaches to research that combine DNA
biorepositories with electronic medical
record systems for large-scale, highthroughput genetic research.
107. Pharmacogenetics Research Network
www.nigms.nih.gov/Initiatives/PGRN
•• Includes information about the
Pharmacogenetics Research Network,
which is funded by the NIH. The goal of
the network is to discover how the genes
that vary among individuals affect drug
safety and efficacy.

www.dhhs.gov/myhealthcare
Released in September 2007, this
document outlines opportunities,
challenges, pathways and resources
to make personalized healthcare a
reality through expansion of the
science base, health information
technology, intervention development
and review, and integration into
clinical practice.
109. PharmGKB: The Pharmacogenetics and
Pharmacogenomics Knowledge Base
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