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Introduction

Physician-scientists are critical members
of the biomedical workforce. The combi-
nation of rigorous scientific training and
clinical skills uniquely positions them to
bridge clinical needs with investigational
pursuits by identifying important clinical
questions that drive basic discoveries and
translating those into therapeutics that
improve patient outcomes. The impact of
physician-scientists on biomedical science
has been profound. Indeed, the recipi-
ents of the 2019 Nobel Prize in Physiolo-
gy or Medicine, William Kaelin Jr., Gregg
Semenza, and Peter Ratcliffe, are all
physician-scientists. Furthermore, physi-
cian-scientists have been well represented
as Nobel laureates (including Frederick
Banting, Carl Cori, Earl Sutherland, Alfred
Gilman, Michael Brown, Joseph Goldstein,
Bernardo Houssay, Edwin Krebs, Peter
Agre, Harold Varmus, Robert Lefkowitz,
Brian Kobilka, and Ralph Steinman, to
name a few). Yet, as the need for novel
therapies has grown, the number of phy-
sician-scientists has declined (1). The rea-
sons for this decline are numerous, includ-
ing length and cost of clinical training,
declining funding opportunities, reduced
visibility of physician-scientist role mod-
els, and compensation disparities between
academic and private practice careers.
Residency, fellowship training, and entry
into faculty — important entry points for
budding physician-scientists and a period
of continuity for those who wish to build
on their earlier research experiences — are
critical junctures where attrition occurs
along the physician-scientist training

timeline (2-5). Here, we describe inno-
vative strategies implemented at three
academic medical centers in the United
States that are working to fill the physician-
scientist pipeline. These strategies pro-
mote research during clinical training with
an emphasis on cultivating intellectual
curiosity, protecting research time, pro-
moting physician-scientist leadership, tai-
loring mentor support, and fostering early
career development, as well as providing
financial resources to support trainees and
young faculty. Additionally, we propose
potential outcomes to measure the success
of these strategies in strengthening the
physician-scientist workforce.

Structured paradigms

for integrating physician-
scientist development

into clinical training

The loss of role models for clinical trainees
negatively impacts their choice to partici-
pateinresearch (1, 5). Unless physician-sci-
entists are part of academic medical cen-
ter and medical education leadership, the
development of future physician-scientists
is unlikely to be a training priority. There
are two emerging paradigms that promote
institution-wide physician-scientist lead-
ership: a centralized model and an inte-
grated model, although these models are
not mutually exclusive (Figure 1A).

The centralized model, as demon-
strated by Duke University’s Office of Phy-
sician-Scientist Development and Van-
derbilt University’s Office of Clinical and
Translational Scientist Development, pro-
vides an institution-wide resource for phy-

Conflict of interest: The authors have declared that no conflict of interest exists.

Copyright: © 2020, American Society for Clinical Investigation.
Reference information: J Clin Invest. 2020;130(3):1058-1061. https://doi.org/10.1172/)CI136181.

jci.org  Volume 130

Number 3

March 2020

sician-scientists and department-based
programs to provide coordinated program-
ming in career development and training
efforts. The centralized model facilitates
interactions among multiple departments,
centers, and institutes to leverage institu-
tional resources and invest in tailored pro-
gramming. The Vanderbilt Physician Sci-
entist Societies and affiliate programming
(Medical Scientist Training Program,
Harrison Society [Department of Med-
icine (DOM) ABIM Research Pathway],
Newman Society [junior faculty develop-
ment program]) and the Massachusetts
General Hospital (MGH) DOM Stanbury
Physician-Scientist Pathway are examples
of an integrated model, which supports
the development of physician-scientists
throughout career transitions from gradu-
ate medical education to early and estab-
lished faculty within each department.
This model allows for sustained mentor-
ship and training of physician-scientists.
Although a perceived disadvantage of
these institution-wide models might be an
inability to provide individualized train-
ing, in fact, our collective experience has
been that institution-wide programming
allows leveraging of institutional resources
to tailor mentoring to each trainee.
Physician-scientist leadership is essen-
tial and can be provided not only through
institution-wide initiatives but also with-
in specialties and during critical training
periods, as demonstrated by MGH’s DOM
resident-focused approach. Residency-
focused models aim to provide direct-
ed support and mentorship in academic
medicine to residents through a variety of
mechanisms, as discussed below. A com-
mon thread throughout these three para-
digms is integration of physician-scientists
into leadership positions that set priorities
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for medical education and research train-
ing, while also reflecting the diversity of
trainees. Indeed, our institutions each
have examples of physician-scientists
serving as directors, associate deans, fac-
ulty directors, program managers, and res-
idency program directors. Incorporating
successful physician-scientists into clinical
and research training leadership provides
new trainees with strong role models, con-

sistent guidance regarding research oppor-
tunities, and support for funded programs
dedicated to physician-scientists.

Key programming for
physician-scientist trainees
Specialty  board-sanctioned research
pathways provide a framework for inte-
grating clinical and research training at
academic medical centers. The persistent

jci.org  Volume 130

VIEWPOINT

Figure 1. Institutional approaches and funding
opportunities for physician-scientists in train-
ing and the early career stage. (A) Structure and
approaches taken by MGH Internal Medicine,
Duke University School of Medicine (centralized
in the Office of Physician Scientist Develop-
ment [OPSD]), and Vanderbilt University School
of Medicine to train and support new physi-
cian-scientists. (B) Funding from the NIH, the
US Department of Veterans Affairs (VA),

the Burroughs Wellcome Fund (BWF), the

Doris Duke Charitable Foundation (DDCF), and
Howard Hughes Medical Institute (HHMI).
These mechanisms include the Physician-
Scientist Institutional Award (PSIA), the Physi-
cian Scientist Fellowship (PSF), the Loan Repay-
ment Program (LRP), the Fund to Retain Clinical
Scientists (FRCS), and the Career Development
Award (CDA). Symbols highlight mechanisms
used to fund the institutional physician-
scientist programs featured in this perspective.
CSDA, Clinical Scientist Development Award:
DSP, Diversity Supplement; HHGF, Hannah H.
Gray fellows; MSTP, Medical Scientist Training
Program; PS, physician-scientist. Adapted with
permission from Dr. Shawn Gaillard (NIH).

paucity of physician-scientists engaged
in research-intensive careers at the con-
clusion of training underscores the need
for institutions to develop additional pro-
grams to enhance professional research
development. Mentorship during both
residency and fellowship is critical to pre-
pare trainees for success as they transition
to faculty. Dedicated physician-scientist
training programs (PSTPs) offer several
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advantages to trainees over standard resi-
dency and fellowship programs, including
direct mentorship by active physician-
scientists overseeing these programs. If
developed appropriately, physician-scien-
tist communities created by PSTPs cata-
lyze peer-peer and near-peer mentoring
relationships that facilitate the dissemina-
tion of critical stage-specific information
through seminar series, social events, and
career development workshops. Moreover,
many PSTPs function as de facto “farm
teams” for institutional faculty recruit-
ment. Inclusion of alumni who have suc-
cessfully transitioned to junior faculty in
the institutional PSTP community (e.g.,
Vanderbilt’s Harrison Society, Duke’s
Robert J. Lefkowitz Society, and MGH’s
Jackson Society) enriches training experi-
ences through vertical integration across
career stages, increasing opportunities for
intrainstitutional networking.

Specific program features can signifi-
cantly contribute to physician-scientist
training success. During residency, struc-
tured curricula help maintain scientific
curiosity despite time-intensive clinical
obligations (e.g., MGH DOM Pathways
Initiative) (1, 3). Protected research time
during a fellowship is critical to provide
an immersive research experience for
trainees so they can begin establishing
independent lines of scientific investi-
gation. Benefits such as salary supple-
mentation and child care disincentivize
moonlighting and reduce the pressure
to pursue careers in private practice.
Activities including career trajectory
and scholarly goal planning and focused
grant-writing programs and grant concept
reviews, coupled with financial resources
(e.g., research stipends, technical support
grants, pilot project grants) facilitate the
acquisition of research funding. Mentor-
ing committees composed of established
physician-scientists ensure that trainees
receive feedback on their research prog-
ress at regular intervals throughout their
training and pair seamlessly with sup-
plemental programs (e.g., career devel-
opment consultation, curriculum vitae/
biosketch clinics, community-building
activities). Dissemination of such pro-
grams throughout academic medical
centers will likely contribute to increased
retention of trainees in the physician-
scientist pipeline.
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Funding opportunities for
trainees and transition to early
career faculty

Sustaining successful physician-scientist
pipelines requires a funding strategy that
includes coverage for (a) protected time
for both research and professional training;
(b) research funding for scholars at various
points in their career development; and
(c) administrative support for mentorship,
training, and evaluation. MGH, Duke, and
Vanderbilt have used a variety of funding
mechanisms to achieve these goals. NIH
and VA funding opportunities provide
research and training support for premed-
ical, medical, and graduate students (132,
R25, F30/31), residents and fellows (T32,
F32,R25,R38, K38, VA-CDA), and fellows/
early career faculty (K12/KL2) (Figure
1B). These NIH-funded mechanisms aim
to support research education activities
(R25), stimulate access to research during
residency (R38), and enhance mentored
research training opportunities (T32, K12,
K38). These mechanisms are not available
through all NIH institutes; specifically,
the R38 is currently offered by only four
institutes. Structural and administrative
support to build professional development
programs and administer internal research
funding programs has largely been funded
internally through medical school deans’
offices, departments, and endowments
and through large institutional grants
(e.g., the Burroughs Wellcome Fund Physi-
cian-Scientist Institutional Award). Foun-
dations such as the Doris Duke Charita-
ble Foundation may be engaged to retain
physician-scientists at early career faculty
stages, when many struggle with balancing
clinical, research, and home life respon-
sibilities. Additional opportunities are
offered by the Howard Hughes Medical
Institute to promote diversity among physi-
cian-scientist trainees. Finally, for trainees
who devote at least 50% of their efforts to
research, the NIH Loan Repayment Pro-
gram can offer a reduction in education-
al debt, and applications to this program
should be highly encouraged beginning
in residency. Overall, we have found that
a strong and diverse portfolio of funding
is necessary and that a variety of external
opportunities exist to tackle the problem
of a shrinking physician-scientist pipeline.
Ultimately, institutional dedication to sup-
porting trainees in pursuing these awards is
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critical to the success of a sustainably fund-
ed physician-scientist training program.

Metrics of success

Collecting metrics that demonstrate out-
comes of institutional physician-scientist
development programs will be important to
inform the best use of limited resources to
support these programs over the long term.
Standard measures of success of scientific
training programs typically include num-
bers and, more important, the impact of
manuscripts, abstract presentations, grants
applied for and received, awards received,
and the proportion of graduates who stay
in academic positions. However, additional
metrics that may be harder to track are none-
theless vital to determining an institutional
program’s success, including the number of
successful K-to-R grant transitions and the
proportion of the program graduates’ effort
committed to research in early and later fac-
ulty years. Moreover, nonresearch factors
(i.e., impact of educational debt, work-life
integration, and physician burnout) should
be followed and compared with those in
primarily clinical careers. The development
and maintenance of robust physician-scien-
tist pathways can be framed as a strategy to
diversify and strengthen the physician work-
force and improve the health of the popu-
lation, which should be a priority for both
health systems and medical schools.

Conclusions

The decline in the physician-scientist
pipeline is increasingly evident. We have
described potential solutions to address
this decline by incorporating physician-
scientists into clinical and research train-
ing program leadership, establishing key
programming during training, providing
funding mechanisms to assist with research
support, and creating new opportunities for
professional development. Our programs
represent three distinct but complementa-
ry approaches to provide robust physician-
scientist development during clinical train-
ing, whenitis often ignored. Broader imple-
mentation of such potential solutions will
strengthen the physician-scientist work-
force and revitalize this important compo-
nent of academic medicine.
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