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ABSTRACT

The field of solid organ transplantation has historically
concentrated research efforts on basic science and
translational studies. However, there has been increasing
interest in health services and outcomes research. The
aim was to build an effective and sustainable, inter- and
transdisciplinary health services and outcomes research
team (NUTORCQ), that leveraged institutional strengths in
social science, engineering, and management
disciplines, coupled with an international recognized
transplant program. In 2008, leading methodological
experts across the university were identified and
intramural funding was obtained for the NUTORC
initiative. Inter- and transdisciplinary collaborative teams
were created across departments and schools within the
university. Within 3 years, NUTORC became fiscally
sustainable, yielding more than tenfold return of the
initial investment. Academic productivity included
funding for 39 grants, publication of 60 manuscripts, and
166 national presentations. Sustainable educational
opportunities for students were created. Inter- and
transdisciplinary health services and outcomes research
in transplant can be innovative and sustainable.
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INTRODUCTION

The first successful organ transplant occurred in
1954, as a patient in kidney failure received a
kidney from an identical twin [1]. This event
marked the beginning of clinical transplantation as
we know it today. In 1983, the discovery of
cyclosporine, an effective anti-rejection medication,
catapulted transplants from investigative and exper-
imental, to standard of care and therapeutic status.
By the early 1990s, this success resulted in organ
shortages that raised a number of social issues,

Implications

Practice: To build a robust, effective and sus-
tainable institutional, inter- and transdisciplinary
health services and outcomes research team in
transplantation, strengths in various disciplines
should be leveraged with the clinical strength of
the multi-organ transplant program.

Policy: To build productive and sustainable
transdisciplinary research collaborations in
health services and outcomes research in trans-
plantation, resources should be aimed toward
investigators that bridge expertise from different
departments and schools.

Research: At the intersection of seemingly
disparate disciplines, strong and innovative out-
comes and health services research can be
achieved in organ transplantation

including but not limited to the ethics of rationing,
and the notion of utility. This equipoise led to a
focus on outcomes, first targeted at 1-year graft and
patient survival rates, because these are important
milestones that predict longer term outcomes.
Therefore, the main focus of transplant research in
the past several decades has been on transplantation
immunology and clinical trials aimed at informing
optimal anti-rejection treatments, with 1-year out-
comes endpoints [2, 3]. From a regulatory perspec-
tive, these same endpoints have become the bright-
line tests for transplant program and center perfor-
mance [4]. The evolution of these endpoints as
central outcomes for both scientific and regulatory
purposes stems from the fact that the National
Organ Transplant Act (NOTA) of 1984 mandates
the extensive collection of data on every transplant
patient in the United States (US), resulting in the
ability to generate and publicly report program-
specific, risk-adjusted graft and patient outcomes
TBM
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that have been used to inform transplant policy
since 1987, and to assess transplant program perfor-
mance. These endpoints have allowed for regula-
tions to certify and de-certify programs [4, 5].
However, as the field of transplantation has evolved,
l-year graft and patient survival rates are no longer
sufficient as quality measures. Other factors, includ-
ing patient-reported outcomes of transplant recipi-
ents, the adequacy of the informed consent process,
the economic implications of clinical decisions, and
systems and process vulnerabilities in the delivery of
care (patient safety), have taken on an increasing
role in determining true outcomes [6]. Whereas
these types of parameters have been studied and
integrated into the decision-making process in other
healthcare disciplines, especially those that involve
the management of chronic diseases, little attention
has been paid to these types of outcomes in
transplantation [7]. For example, quality of life
following transplantation is increasingly relevant as
survival rates improve, akin to the notion of
“survivorship” following treatment for cancer [8].
Yet, no transplant-specific validated tool for the
assessment of quality of life (QOL) exists [9]. By its
very nature and complexity, the field of transplan-
tation lends itself well to the investigation of many of
these topics, particularly patient QOL, patient
safety, ethical issues, informed consent, risk assess-
ment and economic modeling. Healthcare in general,
and transplantation in particular, lag behind many
other industries in these areas. For example, the airline
and nuclear power industries have championed pro-
cess improvement toward improved safety. Retail sales
and marketing make much more extensive use of
much less thorough data [10]. The financial industry
applies advanced decision analysis methodologies
towards decisions with far less significant consequen-
ces than healthcare choices. Primary and secondary
school districts make much better use of advanced
approaches to individualized education.

Given that federal agencies, such as the Agency for
Healthcare Research and Quality (AHRQ) and the
Patient Centered Outcomes Research Institute
(PCORI), established as part of the Affordable Care
Act, have a central mission to support outcomes and
health services research, we believe that transplantation
research is well positioned to attract these funds for
several reasons. As a highly complex field, transplan-
tation crosses the boundaries of medicine and surgery,
includes both focused episodic and longitudinal care,
relies on multidisciplinary care teams and complex
healthcare systems for delivery of care, maintains the
potential for significant consequences upon errors, and
represents a clearly defined area with high continuity of
care. Transplant is therefore an ideal field to study
preliminary applications of methodologies in a specific
small number of patients, prior to disseminating
successful interventions to other disciplines.

Recognizing this opportunity for innovative col-
laborative research [11], we sought to build an
outcomes and health services research initiative in

transplantation [12]. The following is an account of
this experience to date.

NUTORC conceptual framework

The thesis behind the NUTORC model is that
innovative and transformative research necessitates
collaboration between investigative disciplines that,
at first glance, are seemingly disparate, and in all
likelihood, know very little about each other. Yet, if
brought together at the intersection of their respec-
tive disciplines (the intersection may not be auto-
matically intuitive), and assuming that this
intersection is relevant to the respective disciplines,
there is a potential for true innovation that advances
the field that assumes the center of gravity. In the
case of NUTORC, it was clear that the center of
gravity was represented by transplantation. There-
fore, the first step in assembling NUTORC was to
identify potential disciplines in the health services
and outcomes arena that might be relevant to
transplantation. In order to define these areas, it
was important to have an understanding of the
following: (1) What are some of the important
unanswered questions that relate to transplantation
outcomes? (2) What health services and outcomes
disciplines might be useful in helping format and
eventually answer those questions? (3) What local
expertise currently exists in these disciplines? With
regards to the first question, we took a step back and
looked at trends in the transplantation literature, as
well as in non-transplant healthcare literature in
order to better inform the formulation of a list of
questions. This was done for each of several organs
(kidney, liver, etc.) as these questions might be
different for each. It was important that the list of
questions included not only the transplant, but the
condition that led to the transplant, and life after
transplantation. With regards to the second ques-
tion, given that the transplant surgeons who were
formulating these questions did not have significant
expertise in health services and outcomes research,
they sought input from several people, including
investigators and clinicians with expertise in other
healthcare disciplines that had been at the forefront
of this type of research. Finally, with regards to the
third question, given that our university does not
have a school of public health, it was necessary for
the transplant surgeons to educate themselves about
the various pockets of expertise within the
university both in the school of medicine, as
well as in the health sciences, undergraduate and
graduate programs at the various schools within
the university.

A second piece of the conceptual framework deals
directly with the issue of incentives. The first
question related to incentives is: how do you get
someone, who is an expert in his/her field, presum-
ably successful (i.e. busy) to give you the time to
present your case for collaboration? This is a
particular problem for investigators in health serv-
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ices and outcomes research, given that most inves-
tigators rely entirely on grant support. Therefore, in
putting together NUTORC, there was an immediate
recognition that (1) a compelling case needed to be
made to “sell the plan”, and (2) the plan needed to
align incentives between the Comprehensive Trans-
plant Center (CTC) and the various schools/depart-
ments/divisions/centers where collaborations were
important. This led to the second question: what is
the best construct that is likely to yield a successful
outcome? The fact that we were “selling” a collab-
oration with transplant surgeons worked to our
advantage. The idea of life and death decisions
driven by organ shortages where outcomes meas-
ures might inform policy was scintillating. We found
that speaking to health services and outcomes
investigators about transplantation became a lot of
fun. Our “product” was intriguing and sexy, and it
made it relatively easy to get their attention. But that
was not sufficient. Once we got their attention, we
had to keep them interested. This too was relatively
easy, because we could align our incentives quite
easily. We laid out what we were hoping to get out
of the collaboration. None of our transplant sur-
geons/clinicians were dependent on grant support.
We merely wanted to advance the field of trans-
plantation and gain visibility for our program by
exploring areas relevant to our field that our
colleagues would find interesting. In contrast, we
were willing to provide content and expertise so that
investigators in these various disciplines could
develop research areas that coincided with their
interests. We would add transplantation to the
research portfolios of these investigative teams. We
would be happy being co-authors on manuscripts,
and co-investigators on grants with the notion that if
some of these areas of investigation became ex-
tremely successful and fertile, we would then take
more of a leadership role. This strategy resonated
well with our collaborators. Finally, we were willing
to partially support the initiation phase of these
collaborations by paying for a percent effort of new
faculty, recruited purposely to develop NUTORC.
We were not out to reproduce anything that already
existed within these disciplines. We merely wanted
newly recruited faculty, embedded in their respective
home (e.g. departments/centers), to be dedicated to
transplantation research.

The final piece of the conceptual framework was
to create workgroups or teams for each collaborative
initiative that would include at least one health
services and outcomes investigator (as the leader),
and at least one transplant clinician (as a co-leader).
These two (or more) individuals would spend a
considerable amount of time educating each other
about their respective fields, in an effort to find
common ground at the intersection of the two fields,
often exploring several directions that led nowhere.
Their task was to formulate four to five questions
that would be relevant to both fields. Once these
questions were formulated, they were vetted by

other members of both teams, often including
more senior members, for validation purposes.
The next step was to perform a comprehensive
literature review, in order to identify the most
updated state of the science relevant to each of
the questions formulated, and in order to identify
the opportunities. The final step was to identify
“methodologists” that might provide state-of-the
art approaches to each particular question being
addressed.

NUTORC—IMPLEMENTING THE CONCEPTUAL FRAMEWORK
The abdominal solid organ transplant program
ranks in the top five of approximately 250 transplant
programs in the US [13]. The transplant clinicians
are well known nationally and internationally and
play important roles in the major trade organiza-
tions and professional societies including the United
Network for Organ Sharing/Organ Procurement
and Transplant Network, (UNOS/OPTN) the
American Society for Transplantation (AST), and
the American Society for Transplant Surgeons
(ASTS). As national leaders in transplantation, the
transplant clinicians are acutely aware of gaps in
knowledge, as well as in how correcting these gaps
might result in changes in national policies and

regulations that govern transplantation (Fig. 1).
Therefore, the initial 3-year goal was to build, on
the shoulders of a large and successful clinical
transplant program, a sustainable collaborative that
was inter- and transdisciplinary, that would reach the
pinnacle of academic excellence for transplant-
related health services and outcomes research. To
achieve this goal, we created what we termed the
MATRIX construct—a Modular Approach to Trans-
plantation Research by Inter-disciplinary eXperts.
Rather than reproducing expertise already existent
within the various collaborative entities, the MA-
TRIX construct allowed for the implementation of
the conceptual model by creating a number of
“modules” each built around a team of leading
experts from different disciplines focused on a
specific topic and problem that was deemed relevant
to the field of transplantation. We have used the
terms inter- and transdisciplinary to mean two
different things. Inter-disciplinary refers to the
individuality of each discipline, and transdisciplin-
ary refers to the commonality between collaborating
disciplines. Thus, each module is designed to
include inter-disciplinary teams that apply transdis-
ciplinary approaches to resolve a commonly identi-
fied problem. It is important to note that the
“disciplines” in question are often seemingly dispa-
rate. For instance, what does transplantation surgery
have in common with industrial engineering, or for
that matter, epidemiologists or psychometricians?
Yet, when these seemingly disparate collaborators
seek relevance in their collaborations, the “eureka”
moment does not take long, as evidenced by our
experience. In this construct, the transplant clini-
TBM
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Fig. 1| The conceptual model demonstrates the need for risk stratification (recipient and donor factors) to measure outcomes
(patient- , graft survival, quality of life, econometrics); moderators and mediators affect the outcomes (informed consent,
medication adherence, access to transplant and allocation of organs, patient safety)

cians pose pertinent and relevant clinical/healthcare
questions. It should be noted however that in order
for the non-transplant collaborators to understand
these questions and their implications requires a
significant amount of education on the part of the
transplant expert. For instance, what is a Model for
End-stage Liver Disease (MELD) score? And for
that matter, what is a serum creatinine? A bilirubin?
An INR? Once the clinical questions/problems are
defined, it is the turn of the health services and
outcomes research expert to frame the specific
question/problem in the context and boundaries of
their respective field of expertise. Are there validat-
ed instruments that can be used to frame these
problems/questions? If so, is the investigator famil-
iar enough with these instruments to apply them to
the specific transplant issue at hand, or does this
require building and validating instruments to do
so? And does this require further help/input from
methodologists that need to be brought into the fold,
in order to ensure the use of state-of-the art
methodologies? This now becomes the flip side of
the coin. What does a transplant expert really know
about validated QOL instruments, or about the
psychometric properties of these instruments? What
about the statistical or informatics needs of the
analyses? Again, the MATRIX construct requires
continued back-and-forth education between the
various investigators in order that all participants
in the research module feel comfortable at the
intersection of their respective areas of expertise.
Each module is considered to be an incubator for
innovative research in transplant outcomes. We
have utilized the MATRIX construct to also create
training opportunities for postdoctoral students in
our T-32 postdoctoral training grants, as we believe
that this framework provides excellent opportunities
for novel research approaches.

In 2008, the university and the hospital provided
the CTC with a commitment to support the
NUTORC initiative, based on the MATRIX con-
struct, allowing us to secure 3 years of seed funding,
with a clear understanding that it was expected that
the initiative would be able to sustain itself finan-

cially beyond the 3-year start-up without any need
for additional institutional support. Shortly thereaf-
ter, the CTC was awarded a NTH/NIDDK (National
Institute for Health/National Institute for Digestive
Diseases and Kidney Diseases) funded T-32 post-
doctoral fellowship award (Transplant Surgery Sci-
entist Program [5T32DK077662-05]), providing a
vehicle for postdoctoral trainees to work at the
intersection of disciplines within a NUTORC team
and effectively serve as a bridge among MATRIX
mentors.

In an effort to develop a multi-layered modular
mentorship structure, the CTC Director identified
two nationally recognized senior health services and
outcomes research investigators/leaders, one in
patient-reported outcomes and the other in patient
safety, who were intrigued by, and interested in
building NUTORC. Together, they identified four
more faculty members with methodological exper-
tise and interest in working at the intersection of
transplant and of their respective fields of knowl-
edge. Furthermore, as there was a clinical need for
an additional transplant surgeon, the CTC Director
recruited a transplant surgeon (D.L.) with expertise
in health services and outcomes research to lead and
grow the nascent NUTORC initiative. Seed funds
were used to fund these recruitments. In complying
with the guiding principles of NUTORC, each
recruited faculty was embedded into a mentorship
network of senior researchers, to whom they would
regularly report. In addition, postdoctoral students
funded by the postdoctoral T-32 were assigned to
individual collaboratives. Thus, the first four trans-
disciplinary teams were created, each co-led by a
transplant expert and an outcomes research expert:
(1) QOL, (2) patient safety, (3) informed consent,
and (4) risk and econometrics.

Two new research faculty were specifically
recruited to lead the quality of life and the informed
consent team, respectively. For example, a clinical
health psychologist (Z.B.) with extensive training in
psychometrics and the development and application
of patient-reported outcomes measure, and a junior
investigator in the Department of Medical Social
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Sciences - MSS (the Chair of MSS was one of the
two senior leaders who had joined forces with the
CTC to create NUTORC), was recruited jointly by
the CTC and MSS into NUTORC to focus on
transplant-related QOL initiatives. It is important to
reiterate that the NUTORC model emphasizes that
investigators reside, both physically and intellectu-
ally amongst their peers in their home centers and
departments, providing a fertile environment of
continued academic growth, within their native
disciplines, and therefore that NUTORC initiatives
be embedded in these home centers and depart-
ments. At the same time, these faculty members are
provided structured opportunities to work closely with
a transplant clinician co-leader. Research faculty were
recruited into NUTORC for 3-year terms with the
expectation of obtaining independent extramural
funding by the end of that period. The rationale and
importance behind joint recruitments goes beyond
financial implications. The main driver of the model is
to make sure that principles behind the MATRIX
construct are not only theoretical, but that it is palpable
in every aspect of the otherwise virtual collaborative
arrangement, providing a construct that does not
require a physical structure. We believe that these
subtle elements are essential in building a culture of
inter- and transdisciplinary collaboration that is indif-
ferent to the academic silos of departments/divisions
and instead culturally align incentives between collab-
orating entities and individuals.

The MATRIX construct provides transdisciplinary
modules for inter-disciplinary collaboration. One of the
advantages of the construct is that a number of these
modules can also be assembled rapidly in response to a
funding opportunity, which may cut across expertise in
more than one module. Thus, NUTORC assembled all
four newly created modules in response to the NIH/
NIDDK UO01 competitive renewal of the Adult-to-
Adult Living Liver Transplant Cohort Study (A2ALL).
Over a period of three months, NUTORC brought
together team leaders and other collaborators weekly
to create and submit a grant proposal with four aims,
each aligned with one of the NUTORC modules
(QOL, patient safety, informed consent, risk and
econometrics). The intense collaborative inter- and
transdisciplinary experience required to prepare this
large grant submission led to the rapid and effective
education of all participants about liver transplantation
in general, and live donor liver transplantation in
particular, and about new methodological approaches
and their limitations. During this time, NUTORC
created the foundation for its current organizational
structure. After submission of the U01 grant proposal
(5U01DK062467-10), which was funded, the weekly
grant preparation meetings were transitioned into
weekly NUTORC meetings. In those meetings, junior
as well as more senior faculty members that include
health services and outcomes investigators, clinicians,
and students assemble to discuss research topics that
each team is exploring, as well as to brainstorm on new
ideas. While individual teams regularly meet to

advance their work, this weekly NUTORC-wide
meeting provides a forum for inter-team feedback, as
well as a chance to identify new projects that leverage
multiple teams.

NUTORC—THE FIRST 4 YEARS

Teams—Since its creation in November 2008,
NUTORC has expanded from four to eight teams.
The fifth team was created to focus on Health
Informatics. It had become obvious that it was
difficult to extract data from electronic health
records for analysis as many systems were used for
the care of patients. This team focuses on resolving
the informatics hurdles with the goal to provide the
most granular data for all research teams. We then
had the opportunity to create a collaboration with
the department of Industrial Engineering in the
school of Engineering, to apply novel modeling
methodologies to transplant Access and Allocation.
The two most recently added teams focus on
Medication Adherence, a significant challenge in
organ transplantation, as well as Aging, a topic of
interest to the National Institute for Aging (NIA),
given that the elderly constitute the fastest growing
age segment in transplantation. See timeline in
Fig. 2. Productivity by team is outlined in Table 1.

Grant funding—As it was essential to support the
NUTORC operations in a sustainable manner
within 3 years, emphasis was placed on submission
of intra- and extramural grants. To date, NUTORC
has submitted 81 grant proposals, 39 of which have
been funded for a total of $11,619,500. Seventeen
grants from federal agencies were received from the
National Institute of Health (NIH), the National
Science Foundation (NSF), the Agency for Health-
care Research and Quality (AHRQ), and the Health
Resources and Services Administration (HRSA)
(total federal funding $9,562,800). Additional fund-
ing was obtained from industry and intramural
sources ($2,056,700). Thus, the initial financial
investment of $900,000 over 3 years to build and
support NUTORC, yielded a more than tenfold
return within 3 years. Given that the institution
recovers the indirect costs of grant awards, in Fig. 3
we demonstrate the cumulative indirect revenue com-
pared to the initial investment of $900,000. The figure
shows that the investment is recovered by the institution
in form of indirect costs within less than 3 years.

Publications—To date NUTORC teams have pre-
sented 114 posters and 52 oral presentations at
national and international conferences, and published
60 peer-reviewed manuscripts [8, 9, 14-66].

Diffusion among disciplines—To demonstrate how
much of this work was indeed inter- and transdisci-
plinary, we manually created a network map using
PowerPoint. Each dot represents an individual inves-
tigator, most of them team leaders and senior inves-
tigators. Investigators are color coded based on their
primary affiliation: for example all transplant clini-
cians are orange, while the industrial engineers are

I
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Fig. 2| NUTORC Development Timeline provides an overview of major milestones and accomplishments from 2008 to
present, noting that the creation of the first transdisciplinary teams was drawn together through the U01 grant submission;
federal funding and the creation of individual transdisciplinary teams are highlighted

purple. Co-investigators of federal grants (NIH,
AHRQ, NSF, HRSA) are connected with a black line,
while co-authors of peer-reviewed publications are
connected with a red dotted line. Figure 4 displays the
significant increase in interconnectivity between trans-
plant clinicians and researchers with specific method-
ological expertise from 2008 to present.

CURRENT ADMINISTRATIVE NUTORC STRUCTURE

To sustain the continuous growth of NUTORC a
core administrative support structure was created,
consisting of the NUTORC director, a NUTORC
manager, and two NUTORC research assistants.
This core team manages the following areas: (1)
general operations (e.g., meeting), (2) regulatory
oversight, (3) outreach, (4) student programs, (5)
data management, (6) unfunded research activities
with high likelihood for federal funding, and (7) grant
submission support. Critical tasks within each area are
listed in Table 2. This administrative structure has

allowed for continuous growth and adaptation as new
collaborations are formed and funding opportunities
become available, often on short notice. The admin-
istrative team also provides key support for collabo-
rators to address organizational questions.

NUTORC TEAMS

To date, NUTORC has created eight teams, each
co-chaired by a transplant clinician and an expert in
outcomes research. In addition, each team is joined
by clinicians (nurses, physician assistants, nurse
practitioners, pharmacists, and physicians), pre-
and postdoctoral students, as well as various meth-
odologists. In frequent team meetings and the
weekly NUTORC meetings the transplant clinicians
educate their collaborators about transplantation
while the research faculty educate the clinicians
and the health services and outcomes researchers
about their cutting-edge methodologies and their
respective strengths and limitations. This process

Table 1| Total NUTORC productivity by team

NUTORC teams Total awarded NIH grants Manuscripts Abstracts
Quality of life $1,802,707 3 19 25
Patient safety $3,824,697 2 5 34
Informed consent and disparities $1,452,855 4 18 28
Risk predictors and economics $240,324 3 10 52
Health informatics $853,000 N/A N/A 4
Access and allocation $354,172 2 N/A 21
Health literacy and medication $3,000 N/A N/A 2

adherence
Aging N/A N/A N/A N/A
Cross teams $1,971,205 2 N/A N/A
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Fig. 3| The black indicates the initial intramural investment. The bars demonstrate the cumulative amount (direct: black
indirect: gray). The initial investment of the hospital and university was recovered in indirect funds within less than 3 years

can be lengthy as transplantation is a complex field
with many caveats that need to be properly and
repeatedly communicated. Furthermore, during
these meetings, transplant clinicians communicate
the gaps in knowledge and pertinent clinical ques-

tions. Health services and outcomes researchers
help to frame the questions, and content experts
provide the state-of-the art tools to answer them.
Hence, within and across the teams experimental
designs are formulated and advanced methodologies

2008

2010

2011 2012

O Comprehensive Transplant Center

. Center for Healthcare Studies

Industrial Engineering and
Management Science

. Department of Medical Social Sciences
= =« Co-Authorship

on Federal

—

Fig. 4| The NUTORC Network map demonstrates individual investigators with small circles and the color of their primary
affiliation. Small circles are connected with dotted lines for co-authorships, and black lines connect co-investigators on funded
federal grants. Since the inception of NUTORC in late 2008, the connectivity has grown considerably demonstrating the
growing transdisciplinary productivity in form of federal grants and manuscripts
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Table 2 | Critical administrative NUTORC tasks

NUTORC Area Tasks

General operations Scheduling and organization of meetings

Monitoring of NUTORC performance and productivity

Quarterly progress reports

Establishing management procedures and protocols

Cataloguing NUTORC output

Quarterly budget review

Regulatory Oversight for Institutional Review Board (IRB) compliance

oversight IRB submission and revisions

Management of physical and electronic data access for collaborators

Outreach Maintenance of NUTORC website

Creation of brand identity

Weekly dissemination of team related publications

Outreach to student programs

Promotional and marketing materials

Student program Organization and management of summer internship program (high school, undergraduate,
graduate, and postdoctoral students)

Organization of student training and educational workshops

Student oversight and mentorship

Data management Creation of NUTORC databases

Data acquisition/collection

Data management, coding, cataloguing

Basic data analysis

Research Creation and maintenance of standardized templates for NUTORC presentations, posters, and

dissemination materials

Abstract and manuscript development (literature searches, reference management, creation of

graphs and figures)

Editing NUTORC research output

Grant support Grant preparation and revisions (obtaining and organizing supporting documentation) (e.g.
biosketches, letters of support, etc.), drafting supplemental grant sections (e.g. budget
justification, data sharing plan, etc.)

Routine dissemination of current grant opportunities

are applied for the purpose of grant proposals and
data collection for manuscripts. Teams often meet
weekly in addition to the weekly NUTORC meet-
ings, to move their respective projects forward, as
well as prepare manuscripts and grant applications.
Presently, 40 transplant clinicians, outcomes
researchers and methodological experts are actively
involved, and have either received transdisciplinary
federal funding, and/or have successfully published
transdisciplinary peer-reviewed manuscripts. The
breakdown of productivity is provided in Table 1.
Quality of life—[8, 22-40] QOL is a multi-dimension-
al concept that refers to an individual’s usual or
expected physical, emotional, and social well-being.
The importance of QOL was particularly recognized
in transplantation as an important aspect of living
donor liver transplantation. As mentioned above the
QOL team is co-led by a clinical psychologist/
patient-reported outcomes researcher (Z.B.) and a
transplant clinician (E.A.). A senior and highly
funded expert (D.C.) with an international reputa-
tion provides ongoing methodological mentorship
in addition to the clinical mentorship from the
transplant division chief (M.A.). He was specifically
recruited for the role of team leader for QOL and
early on successfully obtained an intramural KIL-2

award (1KL2RR025740-01) for his project focused
on increasing his own expertise in transplant out-
comes. Also, as one of the contributors to the
competitive A2ALL collaborative grant renewal, he
was invited by the nine center steering committee to
co-chair the central QOL effort of this 5-year study.
This effort provides him with considerable funding
as well as national exposure. NUTORC also re-
ceived an American Recovery and Reinvestment
Act (ARRA) award to study long-term QOL in
living liver donors (3U01DK062467-08S1). He and
other members of the QOL team provided mentor-
ship to two T-32 postdoctoral fellows and students,
who had a focus on QOL research in kidney and
liver transplantation.

Patient safety—[8, 41, 67—-69] Patient Safety is focused
on the study of the systems and processes within which
we provide transplantation care. Despite the occurrence
of high profile safety events in transplantation, such as
errors in ABO compatibility [70] and transmission of
communicable disease [71] here has been limited
research examining the range of patient safety vulner-
abilities in transplantation [72]. This relative lack of
empirical patient safety data stands in stark contrast to
other high-risk industries such as air transport and
nuclear power [8, 68, 73, 74]. Hence this team, which
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includes many transplant clinicians, focuses on systems
and process vulnerabilities. A patient safety expert
(D.W), added transplantation to her portfolio. She is
provided mentorship by senior patient safety expert
(JH) and together with a transplant surgeon (D.L.)
co-leads this group. They jointly received an R-01
award by the NIH/NIDDK as Co-Principal Investiga-
tors, for their work: “A2ALL-Patient Safety System
Improvements in Living Donor Liver Transplanta-
tion.”(RO1DK090129)

Informed consent and disparities—[41-58] Transplan-
tation is rife with ethical dilemmas, including chal-
lenges with obtaining informed consent for donors and
recipients, and the preponderance of ethnic/racial
disparities in access to and outcomes of transplanta-
tion.[45, 46, 48, 49] Together with a transplant surgeon
(J.C.) a nationally recognized methodological expert
(E.G.), with training in medical anthropology and
bioethics, who was hired from an outside institution in
2008 leads this team. She (E.G.) is mentored by a
senior clinical mentor (M.A.) and a senior health
services and outcomes research mentor (J.H.). In close
collaboration with transplant clinicians, she success-
fully obtained an R03, HRSA and R21 grant with a
RO1 under review to develop Internet-based interven-
tions to optimize informed consent and reduce ethnic
disparities transplantation.

Risk predictors and econometrics—{8, 9, 59-66]Risk
models and decision analytics can be leveraged to
better inform clinician, patient, and payer decision-
making, facilitating personalized medicine in trans-
plantation. This group is co-led by a transplant
clinician (A.S.) and a decision analyst (G.H.) from the
department of Industrial Engineering. As a full
professor and a nationally recognized decision analyst,
he demonstrated interest in extending his portfolio to
transplantation and co-leads the risk and econometrics
group. Together with transplant clinicians he provided
mentoring for two postdoctoral fellows to create
intricate decision models for transplant recipients from
donor after cardiac death organ donors. This group
also provides mentorship to a predoctoral engineering
student, who received an R-36 (AHRQ) award for his
thesis project in transplantation stochastic game mod-
eling in liver transplantation. One of our new post-
doctoral fellows received an F-32 through the NIH/
National Heart, Lung and Blood Institute to study
cardiovascular risk assessment in transplantation and
receives senior mentorship from a senior health
services and outcomes researcher as well as transplant
clinicians.

Health informatics—[75-77] This team concentrates
its efforts on the creation of a comprehensive
transplant datamart within the medical school’s
Enterprise Data Warehouse, integrating multi-
source data and making non-discreet text data more
usable by applying indexing strategies and natural
language processing algorithms. The team is led by
the administrative director of the transplant center
(L.P) and a transplant nephrologist (B.H.), both of
whom have a background in medical informatics.

Their team includes programmers and database
architects with experience utilizing data from elec-
tronic medical records.

Access and allocation—[78-81] Geographic inequity
in organ allocation is an unsolved conundrum,
which can be addressed with advanced modeling
methodologies. A full professor in Industrial Engi-
neering (S.M.) had interest in extending his research
portfolio to transplantation. In fact, one of the
predoctoral students wanted to focus her thesis on
transplant and organ allocation. We integrated her
into our clinical operations for 3 months to teach her
about transplantation while she is physically situated
at the School of Engineering and primarily men-
tored by her engineering professors. She successful-
ly received an AHRQ R-36 award for her thesis
project “Addressing Geographic Inequities in Kid-
ney Transplantation” (1IR36HS021078-01). Further-
more this team obtained collaborative funding by
the National Science Foundation to study “Geo-
graphic disparity in organ allocation” (CMMI-
1131568).

Health literacy and medication adherence—[82, 83]
Health literacy is the degree to which individuals
have the capacity to obtain, process, and understand
basic health information and services needed to
make appropriate health decisions. Adherence is the
extent to which a patient follows a healthcare
provider’s recommendations. Limited health literacy
and non-adherence have profound effects on clinical
outcomes and quality of care in a variety of medical
conditions, but have not been rigorously examined
in transplantation. The mission of this nascent team
is to apply the existing expertise within the Health
Literacy and Learning Program to advance the
study of limited health literacy and medication
adherence in liver and kidney transplantation. This
group is led by a senior investigator in medication
adherences (M.W.) with extensive funding and an
interest in transplantation. One of our present
postdoctoral fellows focuses her 2-year T-32 post-
doctoral fellowship on medication adherence and
transplantation.

Aging—Earlier this year, the NIA has demonstrated
its interest in aging and transplantation and brought
together experts in transplants and geriatrics to discuss
the gaps in knowledge [84]. It was very evident that
this age segment is growing rapidly and that better
understanding of the risk and barriers to transplanta-
tion need to better delineated and understood. Hence
this latest team focusing on the elderly in transplanta-
tion is being created bringing together geriatricians,
transplant clinicians and methodological experts.

NUTORC EDUCATIONAL AND MENTORSHIP PROGRAM
The structure of NUTORC was purposefully
designed to create opportunities for collaboration
for junior faculty as well as pre- and postdoctoral
students. Each team leader is closely mentored by
one senior clinical and one senior research mentor.
TBM
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Additional peer mentorship is achieved through
regular NUTORC and team meetings. Each investi-
gator also assumes a mentorship role for students at
different levels. Important educational opportunities
have been created for postdoctoral students through
the T-32 postdoctoral Transplant Surgery Scientist
Training Program, which supports one health services
and outcomes research position each year for physi-
cian-scientists committed to an academic career in
transplantation. The three T-32 postdoctoral fellows
have catalyzed transdisciplinary collaboration, serving
as conduits among busy senior investigators and
coalescing broad input into project design. T-32
students obtain a master’s in health services and
outcomes research and are integrated into one or two
of the teams. The mentorship model provides each
trainee with a primary clinical and primary methodo-
logical mentor for day-to-day mentorship, and quar-
terly senior level mentorship in addition to the weekly
NUTORC meetings. This has created a highly inter-
active environment for each student. This year success-
ful funding was obtained for an individual F-32 NRSA
grant: “Derivation and Validation of a Cardiac Risk
Index in Liver Transplantation,” (1F32HL116151-01)
adding an additional trainee to the collaborative.

Through the AHRQ R-36 mechanism two
predoctoral students are currently supported to
complete their doctoral theses in Industrial Engineer-
ing with a focus in transplantation: “Addressing
Geographic Inequities in Kidney Transplantation,”
(1R36HS021078-01) and “Stochastic models in trans-
plantation” (1R36HS021609). The Industrial Engi-
neering students focus their efforts on both the
theoretical advancement of engineering methodology
as well as the practical application of these methods to
address pertinent questions in transplantation.

Lastly, in an effort to recruit students at all levels
(high school, college, and graduate school) we
created a coveted summer internship, which inte-
grates students into NUTORC teams. Weekly
transplant teaching sessions are provided by clinical
and research faculty, and basic health services and
outcomes research skills are imparted by the
NUTORC staff. Each summer intern is given a
concise project supervised by a primary mentor,
leading to abstract submission to the national
transplant meeting (American Transplant Congress)
and a poster presentation for the intramural univer-
sity student fair. Since 2008, this summer program
has grown from 2 summer interns to 15 in 2012.

BARRIERS AND CHALLENGES OF INTER-

AND TRANSDISCIPLINARY RESEARCH

IN TRANSPLANTATION

The institutional support to develop the transdisci-
plinary collaborative NUTORC was essential. Al-
though the initial investment was returned more
than tenfold within the first 3 years, the initial
stipend of $900,000 was substantial. Without signif-
icant financial investment, NUTORC was unlikely

to become successful and self-sustaining this quickly
and at this scale. Furthermore, as is the nature of
transdisciplinary and inter-disciplinary work, inves-
tigators have different disciplinary backgrounds,
cultures, and vocabularies. If not resolved, this can
pose a barrier to innovative research. In NUTORC
this barrier was preemptively removed through
frequent and ongoing in-person collaborative team
meetings creating ongoing discussions and intellec-
tual exchange, as well as dedication from the senior
leaders to openly and decisively working through
cultural barriers. The frequent meetings leading to
mutual education of all participants were a crucial
ingredient for the success. Most notably, tight dead-
lines with considerable involvement from all the
teams often effectively and swiftly removed cultural
barriers. Other barriers were different incentives
and goals of collaborators. For example, some
collaborators are more incentivized by academic
productivity in the form of high impact publications
than obtaining federal funding. Clear identification
of common and mutually beneficial objectives for
each collaboration was helpful. Moreover, the
serious investment of all parties in the success of
the collaboration is essential. To this end, sharing of
fiscal responsibility for newly recruited or retained
faculty was novel, but essential.

Historically, for every cent of federal funding
spent on health services and outcomes research
one dollar is spent on basic science and trans-
plantation research [85]. However, despite the
less prominent historical roots compared to basic
science, health services and outcomes research
has increasingly been utilized and recognized for
its scientific rigor and value in advancing medi-
cine [86]. This greater acclaim is noteworthy as
the traditional federal funding agencies for trans-
plantation (e.g., NIDDK: National Institute of
Diabetes and Digestive and Kidney Diseases)
have begun to support such projects (e.g.,
A2ALL Patient Safety RO1). Championing the
field of rigorous health services and outcomes
research in transplantation through transplant
societies (e.g., AST, ASTS) and engaging the
NIH in discussions, will be essential to provide
R funding opportunities for research faculty and
clinical investigators. Facilitating collaborations
between agencies (e.g., NIA and NIDDK), might
provide more opportunities and productivity for
this developing field of research.

CONCLUSION
The field of transplantation is well-suited to imple-
ment inter- and transdisciplinary research to address
the many unanswered clinically relevant questions.
Therefore, we created an inter- and transdisciplinary
research group called NUTORC that has grown to
eight content teams each co-led by a transplant
clinician and an outcomes research expert, and
reinforced with methodological support as needed.
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The institution made a substantive initial investment
of $900,000 to enable the creation of NUTORC,
which has now been leveraged to become highly
productive academically and financially. NUTORC
has succeeded in connecting inter-disciplinary col-

extramural grants and was fiscally self-sustaining
within 3 years after inception. Furthermore,
NUTORC faculty have published 60 manuscripts,
and given 166 national and international presenta-
tions and posters. Table 3 demonstrates that trans-

laborators across the university through transdisci- disciplinary collaboration in transplant as
plinary research (Network Fig. 4). To date, exemplified with NUTORGC, is feasible, sustainable,
NUTORC has secured $11,619,500 in federal and and highly productive.

Table 3 | NUTORC overview

Significance
Addresses important problems and critical barriers in the field of transplantation, identified by transplant leaders
Expands scientific knowledge across seven research areas (patient safety, HRQOL, access and allocation, risk and
econometrics, informed consent and disparities, health literacy and medication adherence, infectious diseases)
Improves technical capabilities through the advances achieved in the health informatics team
Achieves recognition of through publication of peer-reviewed manuscripts, national presentations and receipt of
federal and other extramural funding
NUTORC has demonstrated that at the intersection of transdisciplinary collaboration, new areas of innovative
research in health services and outcomes research can be created, that go well beyond secondary data analysis
Funded projects are in progress to improve systems and processes surrounding transplantation, expand applied
methodologies for allocation and access to transplantation, provide deeper understanding about informed consent,
provide culturally sensitive education, services, and care, identify the appropriate treatments for liver and kidney
transplantation, study and improve medication adherence, reduce infectious disease and create data systems for
analysis that are far richer than the existing national data sources
Focuses on existing expertise within the university and collaborative efforts across disciplines and schools
Innovation
Creates transdisciplinary teams to address pertinent questions with cutting-edge methodologies
Introduces state-of-the art health services and outcomes research into the field of transplantation, beyond secondary
data analysis
Shifts practice paradigm in transplantation from basic science to health services and outcomes research in
transplantation
Creates and maintains exclusively transdisciplinary teams bringing together seemingly disparate sciences
Introduces novel specific topics to transplant-specific funding institutions (e.g., patient safety to NIH/NIDDK)
Diffuses transdisciplinary expertise successfully
Shared financial investment by collaborating partners, consolidating shared interest
Approach
Identifies national leaders in research with expertise pertinent to health services and outcomes research across the
university
Creates pipeline for nascent scientists with interest in transplantation through NIH/NIDDK funded T-32 postdoctoral
fellowship program
Secures buy-in from the university and hospital and secures seed funding
Significant investment up front with 3-year timeline to become self-sustaining
Incentive and expectation from clinical transplant leadership for all clinicians to be involved in research
No financial penalty if research funding is obtained and clinical productivity has to be reduced
Joint hiring or financial support of research faculty on 3-year timeline
Investigators
Fosters collaboration between junior, mid-career and senior researchers and clinical investigators
All key investigators (co-chairs) have successfully published in peer-reviewed manuscripts and have received grant
funding
Each team is led by a transplant clinician and an expert previously foreign to the topic on transplantation
Senior mentorship by highly federal funded clinical and research investigators
Environment
Leading university with abundance of national leaders in diverse research areas
Support for collaborative and transdisciplinary work by the university, the schools and the division
Commitment and full support of transplant leadership (Director CTC)

Senior mentorship accessible to and integrated into NUTORC

Excellent track-record of successful mentoring

Large transplant center with all transplant clinicians immersed in clinical and national policy activities

MATRIX: multi-layered mentorship involving senior leadership, mid-career, junior level research and clinical faculty as
well as students
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