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Abstract

The training of physician-scientists lies at the heart of future medical
research. In this commentary, we apply Narayanamurti and Odumosu’s
framework of the “discovery-invention cycle” to analyze the structure and
outcomes of the integrated MD/PhD program. We argue that the linear
model of “bench-to-bedside” research, which is also reflected in the present
training of MD/PhDs, merits continual re-evaluation to capitalize on the
richness of opportunities arising in clinical medicine. In addition to
measuring objective career outcomes, as existing research has done, we
suggest that detailed characterization of researchers’ efforts using both
qualitative and quantitative techniques is necessary to understand if
dual-degree training is being utilized. As an example, we propose that the
application of machine learning and data science to corpora of biomedical
literature and anonymized clinical data might allow us to see if there are
objective “signatures” of research uniquely enabled by MD/PhD training.
We close by proposing several hypotheses for shaping physician-scientist
training, the relative merits of which could be assessed using the
techniques proposed above. Our overarching message is the importance of
deeply understanding individual career trajectories as well as characterizing
organizational details and cultural nuances to drive new policy which
shapes the future of the physician-scientist workforce.
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Introduction

The origin of the modern physician-scientist lies in the
explosive growth of knowledge following the Second World
War. Although a recognizable vision for the dual-degree training
of clinical investigators was articulated as early as the second
decade of the 20th century, it was the launching of the National
Institutes of Health (NIH)-backed Medical Scientist Training
Program (MSTP) in 1964 in the US that cemented the MD/PhD
into the framework of modern medical research (Harding er al.,
2017; Meltzer, 1909).

In the half-century since then, growth of the physician-
scientist pipeline in the United States has expanded to nearly
120 schools, with over a third funded through the NIH (Akabas
et al., 2018; Jeffe er al., 2014). Paralleling this growth has been
a steady stream of meta-scientific research aimed at analyzing the
career trajectories of dual degree graduates. With titles such as
“The MD/PhD Researcher: What Species of Investigator,”
“Transforming Science Into Medicine: How Clinician—Scientists
Can Build Bridges Across Research’s ‘Valley of Death,”” and
“Challenges and opportunities for reinvigorating the physician-
scientist pipeline,” the fundamental aim of this type of analysis is
to use systematic, evidence-based investigation into the frontiers
of medical research to inform actionable policy (Andreassen &
Christensen, 2018; Daye et al., 2015; DeLuca et al., 2016;
O’Mara et al., 2015; Roberts et al., 2012; Rosenberg, 2008;
Sklar, 2017; Sutton & Killian, 1996; Thiele, 2018; Weggemans
et al., 2019).

In this commentary, we contribute to this knowledge-base by
applying the framework of “discovery-invention cycles,” as
proposed by Venkatesh Narayanamurti and Toluwalogo
Odumosu, to the training of physician-scientists (Narayanamurti
& Odumosu, 2016). Their framework can be seen both as a
theory of scientific progress as well as a theory of innovation—
we will draw on both perspectives in this article. We begin by
summarizing their argument for the inadequacy of the linear
model of research and for dismantling the artificial distinc-
tions between “basic” and “applied” research, which we equate
with notions of “bench” and “bedside” research in the medical
setting. We argue that the “bench-to-bedside” paradigm of
clinical-translational research is a manifestation of the linear
model, which informs the structure of the integrated MD/PhD
program. We propose that re-framing clinical-translational
research in the language of discovery-invention cycles allows
us to better align the training of physician-scientists with
21%-century needs and opportunities.

Next, we examine the obstacles to accurately measuring
outcomes in dual-degree programs. We argue that objective
measures related to job description, such as employment at an
academic center, percentage of time spent conducting research,
and field of research, give a limited window into whether the
unique training of dual-degree graduates is being utilized. As
a complementary research paradigm, we propose that more in
depth, anthropological research is necessary to understand
the specific ways in which individuals are or are not taking
advantage of their clinical and scientific background. As a set of
tools to aid qualitative investigation, we propose that machine
learning and data science of large biomedical corpora along with
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anonymized clinical data may allow us to better understand if
there are objective “signatures” of MD/PhD training.

Finally, we examine several pathways for re-thinking the training
of physician-scientists: shifting the start of the PhD portion
of MD/PhD programs to after the required clinical rotations;
expanding the pipeline of residency/fellowship-based PhD
programs; recruiting PhDs, other advanced degree holders, and
professionals from relevant disciplines into the medical
pipeline; and elevating the MD as a terminal clinical degree
for a subset of individuals interested in non-clinical careers.
Although most of these strategies are employed to varying
degrees in existing programs, there is little objective basis on
which to decide the relative proportion of each type of training in
a national funding roadmap. Our proposals for collecting richer
data will play a critical role in allowing policy makers in the
biomedical sciences to better understand the consequences of
different training paradigms. Taken together, the framing of
the discovery-invention cycle, anthropological investigation,
and the tools of modern data science will allow the medical
establishment to navigate rapidly evolving intellectual frontiers at
the interface of medicine and other disciplines.

Although much of our discussion is US-centric, our analysis is
relevant for other countries as well, as the American model has
largely been replicated elsewhere. Moreover, dual-degree
physician-scientist training appears to play a significantly smaller
role in the landscape of medical research outside of the US
(Alamri, 2016). Consider, for example, that in the UK, the first
integrated MB/PhD program was introduced at the University
of Cambridge in 1989. In Australia, the first combined MBBS'/
PhD was introduced at the University of Sydney in 1998, but
was subsequently scaled back significantly in 2014. In Africa,
the University of Cape Town recently created a program in
which students apply for additional research training in a step-
wise fashion extending from a bachelors in medicine, to a mas-
ters, and finally to a PhD. This cohort began its training in
2011 and career outcomes are not yet available (Alamri, 2016;
Kandiah, 2013; Katz er al., 2014). For countries and regions
with fledgling efforts in physician-scientist training, we believe
that our analysis will prove to be useful in establishing a vision
and long-term roadmap for creating sustained innovation in the
biomedical workforce.

The discovery-invention cycle

It is apparent then that the natural sciences and engineering
have long been interlinked and that practical pursuits have
never been far from the acquisition of new knowledge. However,
in contemporary US science and technology policy and in the
governance of many of our mission-oriented research agencies,
this simple idea has been forgotten and silos and boundaries
have built-up, impeding the progress of knowledge and
inventions. The status quo is unsustainable and unacceptable.

- Venkatesh Narayanamurti and Toluwalogo Odumosu in
Cycles of Invention and Discovery: Rethinking the Endless
Frontier (Narayanamurti & Odumosu, 2016)

'MBBS stands for Bachelor of Medicine / Bachelor of Surgery in countries
where medical training is awarded an undergraduate degree.
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Narayanamurti and Odumosu’s basic tenet is a simple one.
They observe that advances that are traditionally considered the
domain of “fundamental” research are often richly intertwined
with more “applied” or “development” related work. This
observation has deep, practical implications for science innova-
tion, training, and policy. Because of the assumption that funda-
mental research has a linear relationship with applied research,
policymakers at universities, funding agencies, or industrial
research labs assume that increasing the pipeline of fundamen-
tal research will necessarily increase practical output at the other
end. However, the reality is far more complex. The road from
fundamental insights to practical technologies or other appli-
cations is strewn with many more obstacles and opportunities
than this simple picture allows for. Consequently, policies aimed
at increasing innovation by attempting to engineer aspects of
this linear pipeline may be less than successful. In particular,
thinking in terms of the linear model can result in institutions that
fail to adequately identify and/or resolve bottlenecks to science
innovation and training.

We will return to the question of physician-scientist training
in the subsequent section and argue that the bench-to-bedside
paradigm is a manifestation of a linear model in need of
revision. Before turning our attention to medicine, however, we
first examine 12 Nobel Prizes in telecommunications technology
and nuclear magnetic resonance (NMR) that Narayanamurti and
Odumosu use to illustrate the richly interdependent and non-
linear nature of basic and applied research (Narayanamurti &
Odumosu, 2016). There are several points worth understanding in
taking a bird’s eye view of this Nobel Prize winning work.

The first is the complex interplay between advances firmly on the
discovery side and those on the invention side. Most illustrative
is the 1956 Nobel Prize in Physics, awarded to John Bardeen,
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William Shockley, and Walter Brittain for the discovery of the
transistor effect (Riordan er al, 1999). In Figure 1, this award
is firmly situated at the boundary of the discovery and invention
territories. The reason is that not only did the transistor effect
represent a fundamental advance in understanding interac-
tions between electromagnetic fields and metals, but in addition,
demonstrating the effect required building the bipolar-contact
transistor. Indeed, eminent theorist John Bardeen spent count-
less hours alongside his experimental colleagues at Bell Labo-
ratories during the development of this groundbreaking work.
Likewise, the development of nuclear magnetic resonance (NMR),
a discovery which ultimately came to transform medicine, required
parallel insights into engineering technology, which would in
turn allow further theoretical developments in quantum physics
and quantum chemistry (Boesch, 2004; Tabet & Rebuffat, 2003).
The development of the molecular ray method and the discovery
of the proton magnetic moment played an analogous role to
NMR as the transistor did for entire branches of solid state
physics, and consequently, are situated firmly on the boundary
between discovery and invention (Stern, 1946; see Narayanamurti
& Odumosu, 2016 for an analogous diagram of interconnected
Nobel Prizes leading to NMR).

The second point that Narayanamurti and Odumosu conclude
from these historical developments is that building an institu-
tional culture that allows such interdependent connections to be
formed requires administrators to maintain both an overarching
thematic focus along with a flexible and open-minded view
towards the necessary diversity of prior training and experiences
on a team. As the above examples are meant to illustrate, the
series of steps that were required for this ground-breaking
research to be conducted often took a meandering path spanning
theoretical work, laboratory experiments, and practical industrial
development. A rigid environment that prioritized either research

2009 Nobel
Invention of Fiber Optic Waveguide
(1999 DRAPER Prize)
(event: 1966)
Invention of the CCD
(2006 DRAPER Prize)
(event: 1969)
https:/ftinyurl.com/2009-nobel
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Heterostructures
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Figure 1. The discovery-invention cycle in information and communications technology. Arrows indicate conceptual dependencies
among the various inventions and discoveries. Figure has been adapted with permission from (Narayanamurti et al., 2013).
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publications, patents, or commercial developments to the exclusion
of the others would have failed to deliver on the true potential of
this work.

We summarize the basic takeaways from the discovery-invention
cycle paradigm here:

1. All aspects of knowledge production should be intrinsi-
cally valued. Realizing the social impact of any advance
requires many intricate steps, which can intertwine
theoretical research, fundamental science, technological
or product development, as well as managerial and
organizational insights. A key element is the convergence
of diverse intellectual assets.

2. The distinction between basic and applied research (or
bench and bedside, in the case of medicine)—and the
greater prestige that modern society affords either basic
or applied research, depending on the context—can be
detrimental to efficient resource allocation across the
intellectual landscape.

3.  Creating an institutional culture that maximizes the
potential for innovative impact requires breaking down
artificial boundaries and enabling dialogue not just
across disciplines, but across the different dimensions of
the discovery-invention cycle.

Measuring the impact of dual-degree training
Despite the remarkable success of the biotechnology sector and
the embrace of its approaches by the pharmaceutical industry, a
functioning LSM [life sciences and medicine] continuum linking
fundamental discovery and the care of patients remains, for the
most part, a goal rather than a reality.

- ARISE2 Committee (American Academy of Arts and
Sciences, 2013)

The linear assumptions of “bench-to-bedside” research

The discovery-invention cycle can be considered both a theory
of scientific progress as well as a theory of innovation. In
applying this framework to medicine, we take the latter per-
spective and consider that at its core, innovation consists of
novel amalgams of existing concepts, skills, methodologies, and
resources, which in turn give rise to fundamentally new ones
(Baregheh er al., 2009; Fagerberg er al, 2005). Theoretically,
the greater the number, diversity, and depth of the clinical and
scientific training of individuals, the greater the possibilities
for novel combinations of concepts, skills, methodologies, and
resources. We see the original vision of the MD/PhD as being
in this spirit—to increase innovative outcomes at the interface
between basic science and clinical research.

Physician-scientists are meant to play the unique role of bridge
builders in the vast landscape of the basic and clinical sciences
(American Academy of Arts and Sciences, 2013; Zemlo et al.,
2000). What is the nature of these bridges and how should we
train future leaders to help construct these key edifices? The
notions of “bench to bedside” and “bedside to bench” hide the
complex realities which underlie both of these research and
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development pathways. A ‘pure’ example of formulating testable
hypotheses from clinical observations is John Snow’s discovery
of the causes of cholera outbreaks in 19" century London, even
before the advent of the germ theory (Johnson, 2006). Likewise,
it is expected that physician-scientists enable the subsequent steps
of translational research, which will give rise to novel therapies
from bench research.

Unfortunately, both sides of this process invariably involve
complex detours that hamper the attempts of the well-trained
physician-scientist. One example of the tortuous nature of both
the “bench to bedside” and “bedside to bench” trajectories is
manifest in psychiatric genetics. Schizophrenia and mood
disorders are characteristically polygenic, thus preventing the
formulation of biological pathogenesis hypotheses from classical
Mendelian genetic approaches (International Schizophrenia
Consortium ef al., 2009). It was the advent of powerful chemi-
cal DNA synthesis tools, DNA hybridization on chips, DNA
sequencing technologies, robotics, novel statistical tools, and the
computer power to analyze and store genomic and clinical data
from thousands of patients and controls that has opened the door
to formulate biological hypotheses of the underlying disease
mechanisms (Geschwind & Flint, 2015; Sullivan er al., 2012).
While it is not our aim to undertake an analysis as thorough as
Narayanamurti and Odumosu, there is no shortage of clinical
breakthroughs whose trajectory was as meandering and bound-
ary crossing as the advances in solid state physics and NMR
summarized above. Consider the example of statins, drugs that
are widely used to treat hypercholesterolemia. Their discovery
and clinical applicability needed the convergence of knowledge
about natural product chemistry, cholesterol metabolism, and the
genetics of hypercholesterolemia disorders, to mention just a few
(Stossel, 2008). In both of these cases, schizophrenia and statins,
fundamental science, technological / product development, and
managerial / organizational insights have been key enablers of
research progress.

On the one hand, many will point out that these observations
are hardly surprising. To some degree, the diversity of efforts
required to actualize a given medical therapy—basic or applied,
academic or industrial—is a well understood phenomenon. On
the other hand, if so, is this reality reflected in how we train our
physician-scientists? And what of the expected career trajecto-
ries of dual-degree graduates? Does the ideal physician-scientist
career path optimally take advantage of the unique nature of
their training? What policy changes can be implemented to fully
realize the intellectual potential of our medical establishment
and our arsenal of dual-degree graduates?

The need for qualitative analysis

As we discussed in the introduction, there is a sizeable body
of metascientific research analyzing the impact of MD/PhD
training. Most recently, in the United States, the Association of
American Medical Colleges conducted a thorough and thoughtful
investigation into nearly 50 years’ worth of career outcomes
of dual-degree graduates (Akabas er al., 2018). To assess the
institution-wide impact, they examine a wide variety of meas-
ures including employment at an academic center, presence in
major grant databases, and percentage of protected research time,
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among others. The AAMC study is an impressive first-pass
analysis characterizing the landscape of dual-degree career
outcomes. Given the complex, multi-faceted nature of physician-
scientist training and practice, their report paves the way for
subsequent investigations that can build on this foundation.

One of the conclusions of the AAMC study is that many ques-
tions remain in understanding the nature of the research
landscape of physician-scientists. As an example, although
the authors went into the study expecting a bimodal distribu-
tion of research time (i.e. with most being primarily clinicians
or pure researchers), they discovered that there is in fact a con-
tinuum of research effort. Beyond a high-level description of
their research activities, a major open question remains as to
how researchers are taking advantage of their training apart from
maintaining parallel job descriptions in varying proportions.

Our primary takeaway from applying the lessons of the
discovery-invention cycle to medical research is that there is
a significant need for in-depth qualitative analysis to better
characterize whether dual-degree training is truly being utilized.
Even if we can establish beyond the shadow of a doubt that
MD/PhDs are deeply involved in both clinical and research
activities, there is still the lingering question of whether or not
they are leveraging their unique and extensive training. If we
were to eliminate the dual-degree trajectory entirely, would the
corresponding research output vanish, or would it be accom-
plished in different ways by pure MD and PhD researchers?
Or is it that the true contribution of MD/PhDs is to facilitate
dialogue between researchers and clinicians through higher-level
administrative and organizational activities? The AAMC study
is an impressive cross-sectional examination of the entire cohort
of MD/PhD trainees giving policymakers high-level struc-
tural insights and subsequent analyses can be more targeted
and examine smaller groups of individuals in significantly
greater depth. Examining the roles, activities, and intellectual
philosophy of physician-scientists even from a single academic
organization (school, department, or division) would give
significant insight into the impact of the training.

Open data, machine learning, and data science

The application of data science to public corpora of
scholarly publishing is allowing researchers to investigate novel
hypotheses about the scientific process itself. These new research
trends are being embraced in the life sciences (see, for example,
the Meta-Research collection in the journal eLife). We can now
analyze complex datasets to study the evolution of scientific
language since the 19th century or the frequency of medical
reversals in the literature on clinical trials, and use the results
to inform policy decisions (Herrera-Perez er al., 2019; Plavén-
Sigray et al., 2017).

Likewise, we argue that modern computational techniques may
have a unique role in augmenting the qualitative, anthropological
analyses we have argued for in this piece. Indeed, quantita-
tive techniques have a long history in the study of innovation
(Hall & Jaffe, 2012; National Academies of Sciences, Engineer-
ing, and Medicine, Division of Behavioral and Social Sciences
and Education, and Committee on National Statistics, 2017).
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Imagine that we have a fully-digitized corpus of biomedical
literature that can be used by data scientists. Such a resource
would consist of aggregated articles from biomedical journals
along with the tools for conducting large scale text searches,
visualization, and the training of machine learning models. Is
it possible that lying hidden in such datasets are signatures of
research uniquely enabled by MD/PhD training?

One way to approach this question is from a purely exploratory
standpoint. What are the patterns that emerge when looking
at the research output of MD/PhD investigators? Are there
differences in the distributions of journals that they publish in
relative to pure MDs or PhDs? What about the distribution of
topics? What about correlating trends in academic publishing
from MD/PhDs with other sources, such as biomedical news or
patent databases?

Another way to approach this question is the paradigm of
classification (Bishop, 2006). Suppose for every research
publication in our dataset, we extract the educational qualifica-
tions of the authors (since many medical journals require this, we
might even restrict to those papers that list the qualifications of
authors). We can then use supervised learning to create models
that predict whether a dual-degree graduate co-authored the
research study. To simplify the analysis, we could focus on
the first author, senior author, or perhaps train a model to pre-
dict how many MD/PhD degree holders were involved with
the study. How accurate might such a model be? If it turns out
that no such model can be trained to perform better than
chance, does that imply that the research output of MD/PhDs
could just as well have come from pure MDs or PhDs? On
the other hand, if it turns out that a model can be trained to
achieve high classification accuracy, does it imply the converse?
Or might there be some latent structural explanation subtly
biasing the model? These are all tantalizing questions that would
require deeper investigation and which would add significant
depth and new dimensions to the types of questions identified
above.

Even more powerful would be to combine corpora of biomedical
literature with anonymized medical records and even patent
databases. For example, are there differences in documentation
patterns between pure MDs versus MD/PhDs? What about in the
standard of care? One would hope that there are no differences
in routine cases, but what about in difficult situations where
there is no standard of care? Are MD/PhDs able to leverage their
knowledge and experience with the scientific literature to impact
patient care? Analogous questions might be asked using com-
binations of the biomedical literature with patent databases
to understand the role of MD/PhDs in the process of translating
discovery to invention.

We make this proposal with some amount of trepida-
tion and emphasize that the types of analysis proposed here
need to be anchored to solid, anthropological investigation.
Without a deep understanding of the context and culture of
MD/PhD training, purely data-driven investigations might
easily be misinterpreted and give credence to erroneous policy
decisions.
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Training proposals
Physician-scientists are trained to ask clinically relevant
questions in a health research environment that lead to the
development of research projects linking basic and clinical
sciences. Physician-scientists are also a vital force in trans-
forming clinical observations into testable research hypotheses
and translating research findings into medical advances.

- Tamara R. Zemlo, Howard H. Garrison, Nicola C.
Partridge, and Timothy J. Ley in “The Physician-
Scientist: Career Issues and Challenges at the Year 2000”
(Zemlo et al., 2000)

We now turn to several proposals to align the training of
physician-scientists with the insights of the discovery-invention
cycle. As we have discussed in the previous section, under-
standing the impact of different training paradigms is itself a
complex question with a many-year time horizon from interven-
tion to effect. Therefore, we present these proposals partly as
hypotheses or topics for discussion that merit greater investi-
gation using some of the techniques identified above. Several
of the proposals we discuss have been implemented to varying
degrees at existing universities. However, with the integrated
MD/PhD emerging as the dominant form of physician-
scientist training, it remains an open question what the relative
proportions should be of the different pathways. Again, the
techniques proposed above may prove useful in answering this
question.

For traditional MD and MD/PhD pipelines

For existing integrated MD/PhD programs, shifting the start
of the PhD until after a full year of clinical rotations. For the
traditional MD to residency track, expanding the pool of
residency/fellowship-based PhD programs. In both cases,
encouraging the PhD student to have both a true research
mentor and a true physician-scientist mentor.

One of the most significant drawbacks of the linear model of
research and development is a failure to adequately identify
bottlenecks in the convoluted path from discovery to invention.
Unfortunately, the current model of integrated MD/PhD train-
ing solidifies this model by sequentially training students in the
pre-clinical sciences, followed by basic research, followed by
clinical rotations. In the vast majority of cases in the US,
students begin their PhD after having completed the pre-clinical
years and taken Step 1 of the United States Medical Licensing
Examination (USMLE), but before their required third-year
clerkships.

This setup results in students choosing their PhD topic having
had a limited exposure to the actual practice of clinical medicine.
Consequently, students are not adequately prepared to identify
a research path that is informed by experience with medicine
itself. Shifting the start of PhD training to after the completion
of third-year clerkships would give students substantially better
preparation to choose a PhD area that would best serve their
vision of being a physician-scientist in the context of an area of
clinical scholarship that they wish to embark upon.
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At some schools that have moved to an accelerated format for
the pre-clinical years, in which Step 1 of the USMLE is taken
after only 1-1.5 years of coursework, MD/PhD students are
beginning their PhD after all or some of the clinical clerkships.
See, for example, the MSTP program at Duke University, which
has a one-year pre-clinical curriculum, or Baylor University,
which has a 1.5-year pre-clinical curriculum. We endorse this
path and our recommendation stands for schools that have
maintained the traditional two-year format for pre-clinical
training. For schools that have adopted a 1.5-year pre-clinical
curriculum, but where MD/PhD students begin their graduate
studies immediately after Step 1 of the USMLE, we recommend
completing six months of clinical clerkships along with their
traditional MD classmates prior to beginning their PhD, and
perhaps also including 1-2 months of elective rotations in the
areas relevant to the research they expect to pursue. An addi-
tional benefit of this arrangement is that students would be able
to maintain their clinical skills during their PhDs. For example,
an afternoon in an outpatient clinic once or twice a month would
allow them to remain in contact with the clinical world while in
the depths of their PhD research. It would also provide a valuable
point of structure and regularity in the otherwise open-ended
(and often soul searching!) years of graduate training.

The motivation behind expanding the pool of residency/
fellowship-based PhD programs is similar in spirit. By resi-
dency/fellowship-based PhD programs, we are conceiving of a
curriculum in which the majority of a student’s research is done
during dedicated years separate from clinical training. We are
skeptical that quality research can be conducted entirely in
parallel with the grueling demands of residency and fellowship.
See the Stanford ARTS Program or the UCLA STAR Program
for outstanding models of research curricula integrated with post-
graduate medical training. In both cases, the motivation is to
ensure that students have greater exposure to clinical medicine
before beginning their graduate careers. Moreover, residency/
fellowship-based PhD programs open the door to many more
students whose interest in a research career took a longer time
to develop than those who decided early in their college careers
apply to an integrated MD/PhD program.

Residency/fellowship-based PhD programs also carry the
benefit that students are more mature than had they began their
PhDs soon after completing their undergraduate degree. Such
students are likely to bring a more informed perspective to their
graduate studies. Compared to typical first-year graduate
students, they will already have substantial exposure to the
scientific and clinical literature and will have been surrounded by
research for many years, even if they have not yet been
immersed in it. Moreover, because they are close to being
fully-trained physicians, they can continue their clinical respon-
sibilities during their PhD years in outpatient clinics or while
moonlighting.

For residency/fellowship-based PhD programs, many will

correctly point out that the elephant in the room is length of time
it takes to train and the corresponding financial implications.
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Most residents interested in pursuing a PhD did not have the
benefit of a subsidized MD/PhD program, and thus are
saddled with significant loans from medical school. They are
also at a time in life when they may have a new marriage, are
planning a family, etc., with competing demands on time and
other resources. It becomes very difficult for most individuals
in this situation to turn down a starting job with a well-
remunerated salary, and taking several more years to pursue the
PhD. There will likely need to be innovative, but perhaps costly
solutions to deal with these realities. However, we remain
optimistic that such solutions are possible. Individuals frequently
make career decisions that are far from optimal financially,
but which give them a deep satisfaction in their life choices.
Even a career in academic medicine, particularly in the setting of
a dual-income household, is more than livable, and we suspect
that a small, but sizeable student body would be enthusiastic to
participate in such a set of programs.

In both integrated MD/PhD and residency/fellowship-based
PhD settings, appropriate forms of mentorship would be
necessary to have maximal impact. Specifically, it should be
encouraged for students to have both a research mentor and a
physician-scientist mentor.

For non-traditional MD candidates

Creating a pipeline in which PhDs in other subjects or profession-
als of any kind with advanced training are recruited to the medical
pipeline. For non-traditional MD candidates, ensuring a culture of
mentorship and freedom that will allow them to develop their vision
for integrating their prior experiences into a medical career.

One of the aims of viewing physician-scientist training from
the lens of the discovery-invention cycle is to enable medical
culture to be flexible in the face of a rapidly evolving landscape
and emerging interfaces with other subjects. We believe that a
sensible approach to creating such innovation and agility that
would require minimal administrative overhead is to recruit
PhDs as well as professionals from other disciplines to the
standard medical pipeline. There is a long history of individuals
who have made the decision to transition from a PhD to an
MD. However, what we are advocating is a more ambitious and
targeted recruiting culture within the medical establishment
itself. The significant challenge, therefore, is how to discern
those who are committed to a career as a physician-scientist,
which is the minority, from those who have found they no longer
see themselves pursuing a career in research and want a new
direction in life.

Actively identifying and recruiting highly trained professionals
(PhDs or otherwise) has the advantage that individuals bring a
mature worldview to medical school and set of novel skills that
can inform their clinical training and research focus. A small
number of schools have created accelerated MD programs for
biological science PhDs. See for example, the 3-Year PhD-to-
MD-Program at Columbia University. Moreover, in situations
where there is an immediate need for insights from a field
outside of medicine, trained professionals can begin to make small
contributions from the very beginning and are no more than four
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years away from becoming resident physicians. On the other
hand, recruits to the standard MD/PhD pipeline are many years
away from being able to contribute their knowledge base to
medicine, even if their PhD topic has been strategically chosen
to address a current need. Certainly, some creativity will be
necessary to execute such a recruitment process, given the per-
sonality, skill set, and passion required for success in clinical
medicine. However, considering that the demands and rewards
of medicine are well understood by the educated public, and
given the long history of individuals in medicine who have
gone through significant career changes, we are confident that
such a targeted recruitment process is achievable by sufficiently
motivated medical school admissions committees.

As one contemporary example, we mention the intensely
controversial discussions surrounding electronic health records
(EHRs). Many believe that EHRs have negatively impacted
the job satisfaction of healthcare workers as well as patient
satisfaction. Indeed, research articles have specifically examined
the role that EHRs play in increasing burnout among physicians
(Arndt et al, 2017; DiAngi et al., 2016; Shanafelt et al.,
2016). However, among the many voices in this discussion, we
observe that one voice is notably absent: that of professional
software engineers and user interface designers who could
lend insights into why the situation in medicine has had such a
disappointing outcome when we are surrounded by high-quality
software in other arenas. Recruiting professional software
engineers to the medical pipeline would allow these highly
skilled individuals to contribute their insights to medical
culture and establish the foundations for future advances at the
intersection of software, medicine, and artificial intelligence.

The importance of mentorship in this process cannot be
overstated. Unlike mathematics or theoretical physics, where
one can be a prodigious scientist at a young age, the human and
institutional complexity of medicine means that years of expe-
rience are typically required before an individual can speak
with authority and generate mature insights. For those who are
entering medical training after having established themselves in
another field, being mentored by someone experienced in
medicine can play a significant role in finding avenues to allow
their existing knowledge base to become intertwined with
medicine.

There are several exciting developments in science publish-
ing that can be powerful enablers of this process. The use of
“pre-prints” as part of the life cycle of idea generation, a prac-
tice that has been commonplace in some subjects for nearly
30 years, and which is now becoming more common practice in
biomedicine, opens the door for experienced medical students,
such as those with PhDs in other areas, to write scholarly articles
on topics of medical interest but from a novel and integrated
perspective that become part of the citable scientific literature.
Likewise, the emergence of “open science,” and large-scale,
distributed scientific collaborations may be particularly valuable
ways for trained professionals to identify topics and projects
of relevance to medicine that may not yet exist at their home
institution (Nielsen, 2011; Sarma & Faundez, 2017).
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For both traditional and non-traditional candidates
Encouraging a culture that values the MD as a terminal degree
for individuals interested in non-clinical career paths such as
medical data science, product development, consulting, science
Journalism, program management, venture capital or other
positions that would advance the discovery-invention cycle
across the life sciences.

An implicit assumption in analyses of the integrated MD/PhD
program is that ideal outcomes involve individuals who main-
tain dual clinical and research responsibilities. However, this
assumption rests on a linear view of bench-to-bedside research
in which the role of the physician-scientist is to make testable
hypotheses at the bench based on observations made at the
bedside. If the reality of this pathway is far more complex, then
perhaps it is not simply the specifics of training that should be
reconsidered, but also the ideal career trajectory that individuals
aspire to. Indeed, is it possible that success stories of dual-degree
training may involve careers with neither research nor clinical
responsibilities?

The dramatic growth of knowledge across the entire spectrum
of the life sciences and the critical role played by novel
technologies suggests that there are many important roles
outside of academia that could be played by traditional dual-
degree graduates as well as the non-traditional variants we have
suggested above. Taking advantage of their strong skills as
scientific generalists, they would play critical roles in oversee-
ing product development at startups, managing portfolios of life
science startups at venture capital firms, or leading data science
efforts at health systems. The role of the physician-scientist
training in these contexts is not necessarily to directly enable
linking fundamental research in biology to patient care. Rather,
it is to help manage the burgeoning institutional complexity of
the life sciences by bringing significant intellectual depth that
encompasses diverse facets of a biomedical education.

There are many individuals who have created non-traditional
career paths building on MD or MD/PhD training without pur-
suing additional post-graduate experiences (Moawad, 2013).
However, there may be significant value in a more systematic
approach to training and encouraging such individuals. One
possibility might consist of a 2-3 year program that encom-
passes a medical internship along with rotations with companies
spanning different verticals in the life sciences. Such a post-
graduate education would allow individuals to continue to
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strengthen their core clinical competencies while also giving
them a survey of the many dimensions required to realize the
bench-to-bedside vision.

Discussion

The creation of the integrated MD/PhD program showed
tremendous vision and foresight among policymakers in the
middle of the 20" century. Confronting an exploding
knowledge-base and a shifting organizational landscape due to the
professionalization of science, medical and scientific leaders
realized that capitalizing on the full capabilities of post-WWII
institutions required training generalists who could navigate
the complexities of both the worlds of basic science and clinical
medicine. We are in a fortunate position, therefore, to look
back on over a half a century’s worth of hard data and accumu-
lated cultural wisdom about the successes and impact of these
programs. The paradigm of the discovery-invention cycle,
which itself is a data-driven framework arising from dec-
ades of experience with academic and industrial science, is an
ideal lens with which to re-examine the fundamental basis of
physician-scientist training.

As the authors of the ARISE2 report quoted above argue, a
continuum linking fundamental discovery to patient care remains
a vision rather than a reality (American Academy of Arts and
Sciences, 2013). Our thesis is that significantly richer analysis
of the specific activities of physician-scientists is necessary
to understand whether dual-degree training has contributed to
linking these two domains. In addition to qualitative analysis,
we argued for assembling biomedical datasets of research output
and clinical data, which would allow policy researchers to inves-
tigate if there are objective “signatures” of physician-scientist
training. We hope that the considerations we have identified here
are, at the very least, compelling starting points for widespread
discussion of this important topic, and we are eager to collaborate
with others to refine and implement these ideas so as to positively
impact the future of physician-scientist training.
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This opinion paper highlights the continued challenges faced by practicing physician-scientists, MD/PhD
trainees and training programs in general. Overall, the authors highlight ongoing questions including, what
is the best way to train physician-scientists? What are the roles of physician-scientists? And what are the
metrics of success for physician-scientists?

The first issues raised by the authors surround training programs and specifically about the formalized
MD/PhD training programs in the United States. The introduction of the discovery-invention cycle is
conceptually interesting; however, their discussion presumes that the formal combined MD/PhD program
is the gold standard of physician scientist training. Indeed, this is an unproven idea that formalized
MD/PhD programs are the optimal means to train physician-scientists. Since the formalization of the
MD/PhD and MSTP in the US there has been steady increases in the number of trainees which has not
resulted in the increase in working physician researchers. Therefore, it should be considered that the
current training methods may not achieve the desired goals, if the desired goals can even be agreed
upon. Interestingly, the authors use Nobel prize discoveries to illustrate their point about the
discovery-invention cycle, but it should be noted that many Nobel Laureates have been MD trained
without a PhD degree nor completing a formal MD/PhD combined program.

The authors point out that a “rigid environment... would have failed to deliver on the true potential” in
terms of the discovery-invention cycle; however, this same rigid environment may be having similar
negative consequences to physician-scientist training. For example, there continues to be issues of
diversity in the physician-scientist work force and within MD/PhD training programs. Data suggest that
there are significant inequalities based on race, ethnic groups, socioeconomic status and sex. It remains
uncertain if the rigid construct of MD/PhD training plays any role in these inequalities; however in our
institution we have observed and published that training programs with flexible research pathways have
resulted in increases in female medical doctors who work as researchers.

Another rigid assumption made by the authors is that “physician-scientist are meant to play the unique
role of bridge builders”. The assertion that physician researchers have a predestined role in biomedical
research as “translationalists” is too constraining. First, physician-scientist have had very positive impacts
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on discovery and mechanistic research, again exemplified by MD Nobel Laureates. Indeed, my own
postdoctoral supervisor Dr. Ralph Steinman was MD trained but went on to be awarded the 2011 Nobel
prize in medicine for the discovery of dendritic cells. During a conversation about translational research,
Dr. Steinman asked, “Why can’t physician-scientists just be allowed to discover things?” a question that
helped shape my own research career. A second comment about this issue, is that translational research
has benefited tremendously from PhD scientists without formal clinical training. Therefore, translation
need not be owned by physician-scientists, nor should MD researchers be boxed-in to being translational
scientists.

The authors propose ideas to try to define what physician-scientists do and how to measure their unique
impact on research and health. This includes defining metrics of success and outcomes of training
programs. This is an interesting and very challenging area. Indeed, there is currently no consensus to the
meaning of success. Many variables could be considered, including job position, publication numbers,
grants, students, invited lectures and so on, but it is correctly pointed out that both qualitative and
quantitative measures must be utilized. Despite this, there will likely never be agreement of the markers of
success and this is not unique to physician-scientists but is also true for PhD scientists.

The opinion article ends with some interesting ideas about future training pathways which are worth
considering. Indeed, the concepts of scientist-physicians or those who study medicine but do not intend
to practice, is an attractive alternate pathway.

Is the topic of the opinion article discussed accurately in the context of the current literature?
Yes

Are all factual statements correct and adequately supported by citations?
Yes

Are arguments sufficiently supported by evidence from the published literature?
Yes
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The paper opens two discussions. One is about the value of programs specifically designed to train
physician/scientists, i.e. MD/PhD, with discussion of approaches to determine whether the programs
achieve desired goals, while admitting that the goal of having a continuum of basic science and clinical
research has not been achieved.

The second discussion is how to optimize training of physician/scientists, assuming, for instance, that
MD/PhD programs have in place efforts to achieve the goal of the continuum of research as well as
discussing other areas in which the dual degree may be valuable. Perhaps ironically, as they argue the
case with the basic science and clinical training of MD/PhDs are not well integrated, neither are the two
parts of this commentary.

Questions that would be interesting to address include how the data they propose to collect determining
whether the MD/PhD programs are achieving their goals would be used to inform redesign of the
programs. They are assuming shortcomings in their proposed redesign of programs, but don't have data
to support that, or at least it is not well articulated. Nevertheless, the discussion is worthwhile and the
integration may not be possible. The other topic that might be included is how criteria for career
advancement may influence achieving the goals of the programs. Financial issues are discussed, but the
criteria used to advance and retain individuals with the training are not.
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