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PERSPECTIVE

Clinical Pharmacology
Education — The Decade Ahead

Kim L.R. Brouwer, Stephan Schmidt?, Leslie Carstensen Floren® and
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Clinical pharmacologists seek to advance optimal drug therapy in
humans. The field has expanded beyond its roots in clinical medicine/
drug action and pharmacokinetics/pharmacodynamics to encompass
a wide range of more specialized foci, including basic/translational
pharmacological sciences, -omics technologies, pharmacometrics,
and real-world outcomes data, to name a few. Given the discipline’s
breadth, clinical pharmacology training programs must provide
foundational knowledge, complemented by specialized knowledge

and soft skills, to supply the work force and advance the field.

EVOLUTION OF CLINICAL
PHARMACOLOGY TRAINING

Clinical pharmacology training programs
have changed markedly in recent decades,
with substantial advances in our under-
standing of the processes that govern drug
absorption, distribution, metabolism, and
elimination." These programs are based
in schools of medicine and pharmacy, and
carry many names, including “experimen-
tal therapeutics,” “pharmacotherapy,” and
“translational science” as well as traditional
“clinical pharmacology.” Today’s clinical
pharmacologists are trained in more di-
verse and collaborative environments by
both clinicians and scientists. Training for
clinicians and nonclinicians may include
cither a PhD or postdoctoral fellowship
program. For clinicians (i.c., MDs and
PharmDs), fellowship training often serves
as the primary avenue for research training.

Diversity in the backgrounds of entrants
to clinical pharmacology—which includes
physicians, pharmacists, and nonclinician
graduate students or postdoctoral train-
ees—and the range of titles under which
clinical pharmacology training programs
are housed, is viewed by some as a challenge
or problem. In contrast, we view this as the
strength of clinical pharmacology and its
training programs because the variety of
backgrounds and perspectives among to-
day’s clinical pharmacologists adds to the
richness of the discipline. Furthermore, we
view it as a strength that the discipline is
not constrained by labels or backgrounds
but is focused on optimizing drug therapy
for humans—through evaluation of exist-
ing therapeutic agents and development
of new medicines.” Given the range of
educational backgrounds and the rapidly
evolving needs at the bench and bedside,

we believe clinical pharmacology train-
ing programs must offer enough flexibil-
ity in design to enable trainees to acquire
foundational knowledge and develop re-
search techniques that complement their
preexisting skill set(s). Subsequent special-
ization can take many paths (Figure 1).
Herein, we describe what we believe rep-
resents the foundational and specialized
knowledge and provide examples of the
opportunities and challenges in the decade

ahead.

FOUNDATIONAL KNOWLEDGE IN
CLINICAL PHARMACOLOGY

Robust training programs must provide
learners with foundational knowledge in
general principles of clinical pharmacology,
encompassing basic pharmacology (c.g.,
receptors, enzymes, and mechanisms-of-ac-
tion), pharmacokinetics (c.g., absorption,
bioavailability, clearance, and variability
therein), and pharmacodynamics (e.g., con-
centration-cffect relationships), along with
use of genetic and nongenetic biomarkers to
inform clinical decision making

Although not all clinical pharmacolo-
gists will have the same understanding of
disease pathophysiology as physicians or
pharmacists, they must have a deep knowl-
edge of the discase(s) they are studying,
including pathophysiology and approaches
to drug therapy. A basic understanding of
clinical trial design and biostatistics, as well
as the ethical conduct of human subjects’
research are also critical elements of basic
training in the discipline.

Historically, this knowledge, and the as-
sociated technical and experimental skills
required to study the above elements, rep-
resented the majority of research and train-
ing in clinical pharmacology. For some
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Figure 1 Clinical pharmacology education. Clinical pharmacology training programs build on
foundational knowledge and provide opportunities for development of specialized skills (the
discipline’s pillars), augmented by experiences in clinical practice and lab science. Soft skills
training, depicted as an overarching skill, is key to success in today’s workforce.

clinical pharmacologists, this continues to
represent the backbone of their work. With
this foundational knowledge in hand, clin-
ical pharmacology trainees are poised to
take divergent paths that lead to develop-
ment of specialized skills and more focused
expertise to help address current and future
challenges in the field (e.g., aging popula-
tion, rising drug costs, and increased regu-
latory requirements).

SPECIALIZED KNOWLEDGE AND SKILL
SETS IN CLINICAL PHARMACOLOGY
The specialized knowledge and skills of
clinical pharmacologists are those that will
not be possessed by all, but that collectively
are important for the discipline. Generally,
these skill sets can be broken into basic re-
search, translational and clinical research,
and computational research, typically with
human data.

Basic research often uses molecular bi-
ology tools to discover knowledge about
proteins or biological networks important
to drug pharmacokinetics, drug action, or
toxicity, as well as genetic and nongenetic
variability therein. Specialized skills for
individuals focused in this domain are sim-
ilar to those in other basic biomedical dis-
ciplines, although typically their work will

not involve use of animals.
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Examples of translational and clinical
research include traditional pharmacoki-
netic, drug—drug or food-drug interaction
studies, clinical trials in special populations,
and, more recently, genetic and nongenetic
biomarker studies to improve patient care.
The specialized skill sets for those focused
in translational and clinical research in-
clude expert knowledge in clinical trial
design and execution, as well as bioanalysis
and data analysis. The latter often requires
knowledge beyond basic biostatistics and
may include complex analyses of big data-
sets, such as genomic, transcriptomic, and/
or metabolomic data. Some working in this
arca will also develop expertise in clinical
drug development and the regulatory re-
quirements for drug approval and labeling.

Specialized computational skills are
needed to integrate multiple data sources
(e.g., in vitro, preclinical, individual pa-
tient, and population) for enhanced deci-
sion making (e.g., dose selection, sampling
strategy, and optimal trial design), utiliz-
ing mathematical and statistical modeling
and simulation. In the specialized field
of pharmacometrics, practitioners must
demonstrate proficiency with mathemati-
cal and statistical tools and methodologies
and possess a thorough understanding of
how specific approaches are used to inform

preclinical and clinical drug develop-
ment. These pharmacometric approaches
are often complemented by big data ap-
proaches in order to evaluate how much of
the variability observed in clinical trials can
be translated into real-world settings and/
or to evaluate the mechanistic plausibility
of signals (typically, toxicity) in real-world
patients.

CHALLENGES - CURRENT AND
FUTURE

The diversity of backgrounds of trainees
entering clinical pharmacology programs
presents challenges in terms of providing
both comprehensive, foundational didac-
tics and opportunities for specialized skill
development. Medically trained clinicians
may have limited background in some
foundational principles of clinical phar-
macology, particularly pharmacokinetics.
Most MDs and PharmDs are likely to
have limited experience in basic research,
statistics, and mathematical modeling.
Conversely, nonclinicians, particularly
statisticians or engineers, are likely to
know little about medications or the dis-
eases they are used to treat, and may lack
solid knowledge of the biological sciences.
A “one size fits all” educational approach
is, consequently, unlikely to provide all
trainees with the tools and skill sets needed
to become a highly functional member of
an interdisciplinary clinical pharmacol-
ogy team. Therefore, programs must be
flexible in design and tailored to the in-
dividual trainee’s background, needs, and
training goals, while ensuring that core
clinical pharmacology content is mastered.
Given the diversity in trainees’ educational
backgrounds, the time needed to acquire
these foundational skills in formal train-
ing programs will differ. Some programs
offer only postdoctoral fellowship train-
ing, minimally 2-3 years in length, while
others offer PhD degrees, which typically
require 4 + years of training. Informal,
“on the job” training to continue skill and
expertise development is essential to mat-
uration of the highly competent clinical
pharmacologist.

Financial support for these time-inten-
sive and labor-intensive training programs
continues to be a major challenge, despite
the growing demand for highly qualified

clinical pharmacologists in the industrial,
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regulatory, and academic sectors. Although
the National Institutes of Health has played
an important role in supporting clinical
pharmacology training, it funds only a
small fraction of those training in clini-
cal pharmacology. Fellowship programs
sponsored by the pharmaceutical industry
or the US Food and Drug Administration
(FDA) also provide venues for high-quality
training, although the majority remains in
the academic setting. In order for academic
institutions to meet the societal demands
for individuals with knowledge and skills
in clinical pharmacology, academic-private
industry partnerships will become increas-
ingly important. Expanded and sustained
collaborations between these sectors in
preparing a well-trained cadre of clinical
pharmacologists for the workforce will
help ensure the strength of the discipline
and its workforce into the future.

A caution for clinical pharmacology
training programs is that focusing on
highly specialized aspects of clinical phar-
macology may come at the expense of
developing a solid base of foundational
knowledge—this must be avoided. The
lack of foundational knowledge may result
in the inability of the clinical pharmacolo-
gist to: (i) properly develop experimental
approaches, (ii) understand what their data
can or should reveal, and (iii) accurately in-
terpret the data and place it in the proper
context. This presents a threat to the dis-
cipline and highlights the critical nature
of the foundational knowledge in clinical
pharmacology.

As the discipline evolves with new paths
requiring specialized technical skills, it is
also critical that educators simultancously
maintain focus on developing nontechnical
workplace skills. An increasing focus on the
importance of “soft skills,” including profi-
cient verbal and written communication,
interpersonal, time management, problem
solving, and leadership and management
skills, as well as emotional intelligence, rep-
resents a challenge in clinical pharmacology
education. Trainees need to develop these
skills alongside their technical skills and

knowledge in order to become successful

in the workforce. Although many of these
skills were developed “on the job” in earlier
eras, today’s employers demand graduates
that have demonstrable soft skills.

OPPORTUNITIES FOR CLINICAL
PHARMACOLOGY EDUCATION
Opportunities in clinical pharmacology
abound for the well-prepared clinical
pharmacologist and particularly for clini-
cian-scientists for whom the foundation in
diseases and drug therapy has already been
laid. Understanding and predicting factors
(e.g., genetics, drug interactions, environ-
ment, and diet) that may influence drug
dosing, efficacy, and/or adverse effects is
central to the discipline. The large volume
of data that will be available to mine and
used to inform clinical pharmacology de-
cisions presents tremendous opportunities.

Clinical pharmacology will increasingly
involve the use of big data, including large,
structured datasets, and real-world (un-
structured) data.” Clinical pharmacologists
must be properly trained to analyze struc-
tured and unstructured data, the latter of
which is expected to be an emergent area
for clinical pharmacology in coming years.
New approaches will be needed to manage
this information and analyze, interpret, and
translate it into useful formats to guide deci-
sions in drug development and therapeutics.
Advanced analytical approaches (e.g,, ma-
chine learning and artificial intelligence) will
need to be evaluated for their value above
currently used analytical methods.

There are also many opportunities for
clinical pharmacologists as the therapeutic
armamentarium extends from traditional
small molecules to biologics, gene therapy,
and stem cell replacement therapies, along
with novel dosage forms. Many new op-
portunities exist to identify and establish
novel biomarkers and develop innovative
clinical trial designs. Enhanced access to
data and informatics approaches is also
expected to increase the opportunities to
use patient-specific data to inform preci-
sion medicine approaches that will then
improve clinical care and outcomes at the
individual level.
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The future is bright for clinical pharma-
cologists who are expected to have an ex-
panding, critical role in drug development
and regulatory decision making. Even
greater opportunities exist in optimizing
medication therapy for individual patients,
as the technology and data available for
precision medicine approaches emerge
and become commonly used in the coming
decade. Clearly, those who can integrate
knowledge of diseases and drug therapy
with a sophisticated set of tools that have
the potential to improve patient care and
clinical outcomes will be in high demand.
Given the discipline’s breadth and rapid
advances in the field, clinical pharmacol-
ogy training programs must be sufficiently
dynamic and innovative to provide neces-
sary foundational knowledge and support
development of both specialized skills and
soft skills to properly prepare tomorrow’s
workforce.
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