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Abstract
Introduction: Clinical investigation serves a vital role to advance treatment and management strategies for patients with pain. For
those new to clinical investigation, key advice for both the novice clinical investigator and the experienced researcher expanding to
translational work may accelerate research efforts.
Objective: To review foundational material relevant to junior investigators focusing on pain clinical trials, with an emphasis on
randomized controlled trials.
Methods: We reviewed recent publications and resources relevant to clinical investigators, with a particular emphasis on pain
research.
Results: Understanding the approaches and barriers to clinical pain research is a first step to building a successful investigative
portfolio. Key components of professional development include motivation, mentorship, and collaborative approaches to research.
Many junior clinical investigators face challenges in pursing research careers and sparking iterative progress toward success in
clinical trials. Pain-specific research metrics and goals—including hypothesis development, study design considerations, and
regulatory concerns—are also important considerations to junior investigators who pursue clinical trails. Approaches to build toward
collaborative and independent funding are essential for investigators.
Conclusion: This work provides a foundation for understanding the clinical research process and helps inform the goals and plans
of clinical investigators.
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1. Introduction

Clinician-investigators address important scientific knowledge
and clinical practice gaps, and this career path rewards many
individuals who elect to pursue it. Building a successful career in
pain clinical research depends on the combination of motivation,
perseverance, and environment. Junior clinician-investigators
who focus on pain clinical trials confront many potential
challenges relative to some other specialties that incorporate
research into a defined curriculum. Advanced clinical training

programs in medicine, nursing, and other fields may instruct
trainees from diverse clinical training backgrounds and focus on
clinical rather than research components. Due to time and
funding constraints, many clinical programs do not routinely
prepare trainees for clinical research. To navigate the growing
number of national and local regulations that govern clinical
research, all clinical researchers need training in the protection of
human subjects and an appreciation for basic requirements
about research. Clinical research, as defined by various
regulatory bodies, involves a systematic investigation intended
to contribute to generalizable knowledge by testing hypothesis or
answering a question that applies to a larger population beyond
that of the original study.3 As one type of clinical research, clinical
trials investigate the effects of medicine, tests, or other products
on human subjects.43 Clinical research has evolved to include
other subtypes, with treatment, prevention, and diagnostic
research as examples of evolving disciplines. In contrast to
clinical research, quality assessment and quality improvement
work strives to improve performance of a process, program, or
system.37

While the focus of this article is on the clinical-investigator
perspective, numerous overlapping health care disciplines face
the same challenges in pursuing pain clinical research. Chal-
lenges can be grouped into logistical and conceptual challenges.
Understanding and mitigating these 2 types of challenges is
essential to successfully completing projects and achieving

Sponsorships or competing interests that may be relevant to content are disclosed

at the end of this article.

a Department of Anesthesiology, Medical College of Wisconsin, Milwaukee, WI,

USA, b Department of Anesthesiology and Critical Care Medicine, The Johns

Hopkins School of Medicine, Baltimore, MD, USA, c Armstrong Institute for Patient

Safety and Quality, The Johns Hopkins School of Medicine, Baltimore, MD, USA

*Corresponding author. Address: Department of Anesthesiology and Critical Care

Medicine, The Johns Hopkins School of Medicine, 600 N. Wolfe St, Baltimore, MD

21287. Tel.: 410-955-1822. E-mail address: bicket@jhmi.edu (M. Bicket).

Copyright© 2018 The Author(s). Published byWolters Kluwer Health, Inc. on behalf

of The International Association for the Study of Pain. This is an open access article

distributed under the terms of the Creative Commons Attribution-NonCommercial-

ShareAlike License 4.0 (CC BY-NC-SA) which allows others to remix, tweak, and

build upon thework non-commercially, as long as the author is credited and the new

creations are licensed under the identical terms.

PR9 4 (2019) e639

http://dx.doi.org/10.1097/PR9.0000000000000639

4 (2019) e639 www.painreportsonline.com 1

mailto:bicket@jhmi.edu
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/
http://dx.doi.org/10.1097/PR9.0000000000000639
www.painreportsonline.com


research goals. Human subject research involves layers of
ethical, fiscal, and logistical procedures that can undermine even
the most elegantly designed clinical trial. Understanding how
local policies and procedures address ethical and regulatory
training, as well as institutional review board (IRB) and fiscal
regulations, will allow projects to move forward. Beyond the
ethical and procedural obligations associated with clinical
research, not proactively addressing these concerns in study
planning and execution will jeopardize funding for or publishing
the associated work product.

The decision to pursue research is based on personal values.
Spanning a spectrum, it ranges from what others in the
environment expect to a passion that is intrinsically motivating.
For many clinical investigators, intellectual curiosity drives them
forward. That drive can be put to the test with regulatory and
logistical hurdles, and ultimately, one makes a decision about the
value of this type of intellectual challenge and growth. The
process is a series of iterative successes and failures, working
toward a personal goal. Planning for and incorporating the
expected hurdles, such as training, infrastructure, and logistics,
buffer the iterative cycle of success and failure. Predictable
pathways for success may disappear in a tight funding and
regulatory climate, but the challenge and joy of pursing a career
as a clinical investigator exists for those who retains that spark of
interest. In addition to internal motivation, additional incentives
and rewards of a research career exist. Pain research confers
a sense of “making a difference” through efforts that improve pain
care and patient outcomes, as well as the personal and
professional rewards of a career as a scholar, scientist, and
thought leader that influence the field of pain management.

As a subset of pain researchers, aspiring clinical investigators
also face unique obstacles to conducting clinical research,
including financial challenges, personal mentoring, and scientific
skills acquisition.35 Clinicians have a front-line view of the clinical
question, but many lack the research training, skills, and
mentoring to overcome the hurdles to transition to clinical
research. In the current health care environment that rewards
the volume of care, junior clinicians typically have limited time
devoted to the pursuit of research. Specifically, in the United
States, clinicians, including those with research interests, are
hired into clinical positionswith contracts that reward clinical work
but commonly do not incorporate research productivity. This
model of hiring occurs regardless of private or academic practice
environment. Therefore, practice incentives are not well aligned
with research productivity, resulting in a financial disincentive to
dedicate time to research. Personal fiscal incentives are also
poorly aligned with the development of a clinical investigator
career. Medical training may lead to significant debts, with
average education-related debt rising to approximately $160,000
for 2010 US medical graduates.35 Adequate mentorship is
another factor that junior clinical investigators frequently identify
as a barrier.5 This speaks to the larger need for academic
mentorship during the clinical training period. Finally, acquisition
of research skills is lacking in most residency and fellowship
training programs; therefore, the development of successful
programs that teach research skills and build toward academic
productivity is needed.1

In the United States, pain medicine exists as a subspecialty,
with commonly associated primary specialties including, but not
limited to, anesthesiology, physical medicine and rehabilitation,
neurology, and psychiatry. Focusing on one of the specialties,
anesthesiology has relatively low research productivity,30 which in
part reflects the paradox of “fostering research and scholarship”
and “maintaining revenue to support faculty” facing leaders of

academic departments and institutions.39 In a survey of 1
academic anesthesiology institution, a majority of new faculty
described their role as clinician-educators, with most (.70%) of
their professional time and effort allocated to direct patient care
and teaching.29

As new investigators, junior clinical investigator often need
mentorship and guidance in both overall career trajectories and
concrete research development skills. The primary focus of this
article is on approaches for primarily clinically trained researchers
to better understand the components of the research process.
Realizing that a fair number of aspiring clinical investigator do not
have the training or experience to conduct pain-relevant re-
search, we have written this review to provide junior clinicians in
specialties across disciplines a basis for which they can start
thinking about scientific inquiry and investigating a research
question of interest. In subsequent sections, this article examines
the essential considerations at the start regarding motivation,
mentorship, and transitioning from ideas into reality. The
importance of background literature searches sets up an
exploration of study design in general and randomized controlled
trials (RCTs) in particular. The focus then turns to components of
an investigation, starting with key questions and aims, hypothesis
generation, and determination of inclusion and exclusion criteria.
Attention then shifts to outcome measures and pain-related
research components that add value for the more experienced
investigator considering translating their basic science work.
Concluding sections highlight the important considerations for
funding and resources available to pain researchers.

While this review is not a substitute for comprehensive training
on research design through formal coursework and mentorship,
we anticipate this review providing a framework and resources for
junior clinical investigator in need of a jump start into the field of
clinical trials. Understanding the process and collaborating on
other researcher’s projects can provide valuable experience in
the stages of bringing a research idea to successful implementa-
tion in a clinical trial. Today’s era of team science emphasizes the
role of collaboration in fostering a successful research career.
Work within an interdisciplinary team energizes the efforts of
many researchers and provides an opportunity to foster
motivation and social reward. Being a constructive teammember
or leader depends on understanding the process and compo-
nents that initiate, sustain, and complete academic projects.
Although not all efforts will be successful, building diverse clinical
research portfolios will involve choosing projects that will
ultimately fail or not be funded, and the true challenge is to move
past these setbacks and continue forward.

2. Where to begin

Although ideally an important first step is to obtain some formal
education and training in clinical investigation and research, we
provide some general directions in where to begin in undertaking
clinical research.

2.1. Motivation

In starting down the challenging path of academic research, it is
worth reconnecting with the driving force and motivation behind
your pursuit of clinical research. While some early career
researchers have a bona fide passion for discovery and
investigation, other junior investigators pursue research only to
please external pressures from their superiors. Longevity and
happiness in clinical research is related to howpassionate you are
about the topic you are researching because, if you are
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successful, youwill be lecturing on and communicating about this
topic very frequently. Publishing only for the sake of promotion is
unrewarding, and without a genuine interest, the pursuit of
knowledge can be incredibly unsatisfying and therefore not likely
to be successful in the long term. Pragmatically assessing your
individual goals and working with different mentors to generate
various ideas about what might work for you is an important part
of career growth for researchers of any discipline.

Clinician educators can play a unique role in bringing topical
clinical issues to research collaborations. The transition of the
National Institutes of Health’s (NIH’s) biosketch format and
publications on “team science” reflect the philosophical shift of
many research foundations toward the value of collaboration.
Funding shifts toward multicenter, large, collaborative clinical
trials are driving the development of new research opportunities
beyond the conventional role of principal investigator. Bringing
clinical experience and shaping research protocols to reflect the
key questions and pragmatic realities of clinical practice adds
value to emerging research and can help a junior clinical
investigator build the network and skills to advance toward
independence.

2.2. Mentorship

One key consideration to address at the start is to find or choose
a general career mentor who has the requisite time, experience,
motivation, and genuine interest to provide meaningful mentor-
ship for your clinical research. A mentor may be able to guide you
through the process and be a sounding board for your ideas. An
ideal mentor has a successful track record and experience in
undertaking and publishing research and securing funding,
places your interests first, and is genuinely interested in
advancing your career. A mentor does not necessarily need to
be a senior clinical investigator or someone with international or
national name recognition, but instead someone who is
accomplished and willing to spend time with you to explain each
step of the process. Additionally, mentorship may be obtained by
working with several types of researchers who are focused on
different components of career development. Building a research
career and academic portfolio is a different path for each
investigator. Working with an overall mentor can be beneficial
for discussing and strategizing long-term career goals. Focused
mentoring for more short-term planning, such as specific
projects, grant mechanisms, or career sponsorship, may be
a beneficial complement.

Developing a mentorship team may support specific projects
or ideas as your career develops. Many successful multidisci-
plinary projects may involve several senior clinical investigator,
inside and outside your specialty. For example, scientific
mentorship by a statistician, epidemiologist, or computer
scientist may lead to enrichment of distinct yet important research
skills. Developing amix of short-term and long-term goals that are
both achievable yet stretch your capabilities allows for the most
robust professional growth. Mentors do not necessarily need to
be in your department, campus, or institution, although physical
proximity does facilitate meeting and communication and having
the primary mentor within the researcher’s specialty is ideal.
Communication styles play an important part of any interpersonal
dynamic. As the mentee, communicating effectively with your
mentor is dependent on your ability to convey your interests,
needs, strengths, and areas for growth. Another frequently
unrecognized opportunity is peer mentoring. Finding other junior
clinical investigators doing different scientific work at similar
phases of their careers provides opportunities to learn about

resources and support. Many institutional, societal, and pro-
fessional organizations have formal and informal programs (ie,
AAMC faculty career development resources, https://www.aam-
c.org/members/leadership/catalog/).

2.3. Concept development

One of the most daunting initial tasks is to determine “What
topic should I study?” and “What questions intrigue me and
which I want to answer?” Most junior clinical investigators may
not have extensive knowledge of the research literature in their
specialty and may not appreciate some of the nuances and
obstacles of possible lines of research within each area. As
a result, the process of thinking of “What should I study?” can
be overwhelming. Several approaches, which can be used
simultaneously, can be adopted to address this central issue.
Some of the best research answers simple questions that
impact daily clinical care. Undertaking a systematic literature
search (see “Background Literature Search” below) may serve
as a useful first step to determine what has already been done
and what potential gaps may exist in your area of interest. One
can also consider the clinical relevance and importance of the
potential area of research. The process of figuring out what to
study comes well before the considerations of study design,
but practical considerations may weigh in the development of
the study idea.

2.4. Pragmatic execution: translating ideas to reality

A few practical points will improve the probability of success for
your first clinical trial. The focus of this article is clinical trials
and RCTs; however, other study types will be mentioned
where there is concept overlap. Many junior investigators start
with a vision of research based on articles of large-scale clinical
trials. Although it is not impossible to start a large, multicenter,
randomized trial or large (.1000 subjects), prospective,
observational trial on your first attempt, your chances of
long-term success will be greater and frustration will be
potentially less if you begin with a more feasible and smaller-
scale study. Conducting research via an existing database or
a retrospective study on your population of interest may
provide an efficient yet informative bridge to any future clinical
trial. In particular, these lines of investigation may narrow the
clinical question or generate additional hypotheses that merit
further attention in prospective trials. Completing a “learning
phase” or pilot clinical trial serves to generate preliminary data
and allows you to gain experience with the research process.
Pilot trials generally provide earlier tangible accomplishments
(including abstracts and presentations at national meetings)
compared to larger trials, with shorter time to study completion
and publication of results. This momentum boosts the morale
of the investigator, research team, and others in the de-
partment or company. Along the course of planning for the
trial, you will need to recognize the study population available
for recruitment and should probably only undertake studies for
which you have access to the study population. In the
increasingly competitive world of clinical research funding,
many granting agencies focus on the impact of the idea,
experience of the team, and likelihood that this idea can be
successfully implemented. Assembling a team and obtaining
the pilot data needed to move forward to grant submission is
an educational process highly valued and even essential to
funding agencies. Fortunately, numerous open source resour-
ces are available to support different stages of this process,
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and you should leverage those that support your personal
gaps in knowledge to help build your clinical research portfolio
(Table 1). This can include several approaches to additional

training, including education in clinical research (certificate and
degree programs), biostatistics and epidemiology courses,
and online resources.

Table 1

Online resources for junior investigators conducting pain clinical trials.

Topic Resource URL

While helpful, these resources are not an
adequate substitute for formal training in clinical
research
Background literature search
PubMed tutorial https://www.nlm.nih.gov/bsd/disted/

pubmedtutorial/cover.html
EMBASE guides http://help.elsevier.com/app/answers/list/p/9754/

c/9540,9541
How to use the Cochrane Library http://www.cochranelibrary.com/help/how-to-use-

cochrane-library.html

General study design issues
Coursera https://www.coursera.org/
Equator Network http://www.equator-network.org/

Developing a hypothesis
NIH’s Research Portfolio Online Reporting
Tools (RePORT)

https://report.nih.gov/

Institute of Medicine’s “Blueprint for Pain” http://www.nationalacademies.org/hmd/Reports/
2011/Relieving-Pain-in-America-A-Blueprint-for-
Transforming-Prevention-Care-Education-
Research.aspx

National Pain Strategy https://iprcc.nih.gov/National-Pain-Strategy/
Overview

Interagency Pain Research Coordinating
Committee (IPRCC)

https://iprcc.nih.gov/

Outcomes
Initiative on Methods, Measurement, and
Pain Assessment in Clinical Trials
(IMMPACT)

http://www.immpact.org/

NIH Health Measures http://www.healthmeasures.net/
Patient-Reported Outcomes Measurement
Information System

http://www.healthmeasures.net/explore-
measurement-systems/promis

Sample size calculation
PS: Power and Sample Size Calculation http://biostat.mc.vanderbilt.edu/wiki/Main/

PowerSampleSize
Informatics for Integrating Biology and the
Bedside (i2b2)

https://www.i2b2.org/

Institutional Review Board and regulatory
components
Collaborative Institutional Training Initiative
(CITI) Program

https://www.citiprogram.org/

Special consideration for studying pain
NIH Interagency Committee’s National
Pain Strategy

https://iprcc.nih.gov/National-Pain-Strategy/
Objectives-Updates

Canadian Institutes of Health Research
Institute of Musculoskeletal Health and
Arthritis

http://www.cihr-irsc.gc.ca/e/13217.html

Study protocol and national trial registration
How to register your study at
ClinicalTrials.gov

https://clinicaltrials.gov/ct2/manage-recs/how-
register

International Clinical Trials Registry
Platform

http://www.who.int/ictrp/

How to write a research project grant
application

http://www.ninds.nih.gov/funding/
write_grant_doc.htm

Funding
Patient-Centered Outcomes Research
Institute (PRCORI)

http://www.pcori.org/

Agency for Healthcare Research and
Quality

http://www.ahrq.gov/

Department of Defense (DOD) http://cdmrp.army.mil/
Additional resources
Pain Research Forum http://www.painresearchforum.org
International Association for the Study of
Pain’s Pain Schools and Camps

https://www.iasp-pain.org/Education/
Content.aspx?
ItemNumber55115&navItemNumber5654

Association of American Medical Colleges
(AAMC)

https://www.aamc.org/members/gfa/faculty_vitae/

NIH’s Loan Repayment Program https://www.lrp.nih.gov/
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3. Background literature search

3.1. Is your idea novel?

Undertaking a systematic literature search is useful to ascertain
the current state of research in your area of interest. A brief but
focused literature search can help you determine the state of
research in your area of investigation. If already covered, you can
quickly move on to another topic. For investigations on treatment,
consider first searching the Cochrane Database of Systematic
Reviews.8 Learning how to undertake efficient and thorough
literature searches is an essential tool for any clinical investigator,
and the natural extension of the clinical skills of clinicians is well
versed in chart reviews.

3.2. Methods for approaching background literature review

Building on existing work and understanding the strengths,
limitations, and gaps of prior published literature is the key to
successfullymoving your science forward. Youmay have the best
idea, but ultimately doing the work and disseminating the results
through conferences and publications will lead to future work and
academic success. Fortunately, this foundational step is available
to most researchers with access to online library resources. One
key to minimizing frustration is leveraging the resources available
to you. Most academic institutions have library services that will
support searches with minimal or no cost to academic faculty,
and medical librarians are often available to assist. However,
depending on the scope of your project, a full comprehensive
search of the literature on multiple databases (eg, PubMed,
Embase, Cochrane, CINAHL) utilizing the services of an
informationist may not be initially necessary but can be of great
help and save time. Using one database, such as PubMed, and
typing in the key words of interest provides a quick overview of
what has been published on the topic. It is advisable to try
different combinations of related key words that may yield
different results and articles. Save the results from key word
searches including the exact terms, so that the search can be
replicated at a later date. Once you start reviewing articles from
your search, you will be able to retain and archive those articles
relevant to your specific topic of interest. Review articles usually
contain the highest yield overview of a topic and state of research
in a field. Once you have read review articles, you should begin
reading larger well-done trials, typically published in the higher
impact journals. Focusing on the methods section and areas of
limitation may inform your potential research approach or help
generate additional lines of inquiry. Conducting a systematic
review of a topic can in itself lead to a valuable manuscript, and
the process is well described in the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) statement
(http://www.prisma-statement.org).

4. General study design issues

While the aims and hypothesis will drive your design, consider-
ation of what resources are available to support your efforts
institutionally can be very helpful in successfully completing
a project. Many academic institutions and some industry groups
have programs focused on increasing research training and
supporting research infrastructure at a systems level. The NIH’s
National Center for Advancing Translational Science (https://
ncats.nih.gov/) has funded Clinical and Translational Science
Awards at many academic research centers. These Clinical and
Translational Science Institutes have several mechanisms to
support junior investigators including courses that survey the

research resources and training available at their institution.
Academic centers often seek opportunities for collaboration with
clinical investigators in private practice or private hospital–based
practice. As a basic step, most academic centers require specific
training in the responsible conduct of research prior to embarking
on any IRB submission (https://www.wirb.com/). For those de-
siring additional training, many academic centers offer certificate
programs and degree programs focused on enhancing research
skills (https://ncats.nih.gov/ctsa). In addition, many open source
courses have free or minimal fee online courses that have in-
depth information about clinical trial design and interpretation (eg,
https://www.coursera.org/) taught by leaders in the field.

The RCT is a prospective experimental study where the effect
of an intervention is assessed by collecting data before and after
an intervention has taken place.19 The key component of the RCT
(and what distinguishes it from observational studies) is the
process of randomization. This random assignment ideally
creates comparable study groups in RCTs by eliminating factors
that interfere with understanding the impact of the study
intervention. On the other hand, observational studies typically
follow a cohort of patients over time and assess the outcomes of
interest within or between groups. The key difference is that,
unlike the RCT, participants are not randomized and typically can
“choose” or their provider can choose the patient’s intervention.
Observational studies can either be retrospective or prospective.

While existing guidelines and recommendations regarding how
to conduct clinical trials may add significant burden to your
workflow, their implementation strengthens your work (see
“Checklist for the preparation and review of pain clinical trial
publications”). Incorporate the appropriate reporting guideline
prior to designing your study. For RCTs, the Consolidated
Standards of Reporting Trials (CONSORT) (http://www.consort-
statement.org) guideline is widely recognized. Similarly, the
PRISMA (http://www.prisma-statement.org) for systematic
reviews and Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) (http://strobe-statement.org)
for observational studies are commonly accepted18 (see http://
www.equator-network.org for further sites).

5. Some considerations for the randomized
controlled trial

Clinical trial design is an entire field of study among biostatis-
ticians, study coordinators, data managers, and epidemiolo-
gists.24,42 If possible, taking advantage of an academic center’s
consulting services will streamline this phase of your project.
Research may or may not be the career focus of the junior clinical
investigator, but involving people who are focused on helping
successfully complete research projects with significant expertise
can be important. Working with a team from study conception,
including datamanagers, study coordinators, budget preparation
experts, people experienced in drug supply, and people with
regulatory or ethics expertise can streamline projects. Involve all
of these components from the outset (study conception).
Incorporating statisticians into your design and funding applica-
tion can set your idea up for successful completion (see “Essential
statistical aspects of clinical trials of pain treatments”). Early
involvement with a statistician is far superior to waiting until after
the data have been collected. For example, a statistician can help
plan an adaptive clinical trial, which adapts part of the trial design
in response to participant outcomes. The complexity of some
types of adaptive clinical trials necessitates experienced statis-
ticians and other clinical trial design experts, but it can limit cost
and effort wasted for some hypotheses difficult to test with
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a conventional RCT. Also, some adaptive designs may be simple
enough to implement without statistical support. Prospectively
designing your study to maximize scientific impact will facilitate
both achieving your scientific aims and provide a solid foundation
for publishing your results. The RCT is often considered the “gold
standard” for trial design, as this study design allows one to
determine a “cause-and-effect” relationship between an in-
tervention and outcome of interest when properly conducted.
The ability of a well-done RCT to make causal inferences allows
this type of study to provide the strongest evidence of a treat-
ment’s efficacy. Proper randomization promotes the compara-
bility of baseline characteristics among the different treatment
groups, facilitating causal inference between intervention and
outcome. Another advantage of the RCT is that it can be tailored
to answer a specific research question.36

However, there are several drawbacks to an RCT as a starting
project for a junior clinical investigator with limited experience,
resources, and research infrastructure. Technical challenges
include a need for identifying appropriate comparison group(s),
the need to recruit a potentially large number of participants due in
part to the possible high drop out of trial participants, especially
when the intervention has undesirable side effects or little incentive
exists to remain in the control arm.36Generally, RCTs take longer to
conduct and are more expensive than a similarly sized observa-
tional study. Finally, ethical considerations may preclude using
RCTs to answer certain research questions that are not suitable for
randomization (eg, we would not randomize people to smoke or
not to smoke to determine if smoking tobacco products can cause
lung cancer). Comparative effectiveness trials, in which one active
treatment is compared with another active treatment, may provide
a reasonable study design when randomization to placebo is
inappropriate and both treatments have very well-established
efficacy. Proper randomization serves as a critical foundation to
obtaining unbiased results, and experts in study design and
methods ensure this vital step is appropriately conducted.

Blinding, or masking, is another important method to consider
to reduce bias for RCTs. Different groups who participate in the
trial may be blinded to the study arm assignment. In a single-blind
study, participants or evaluators remain unaware of treatment to
which they have been randomized. A double-blind study usually
involves treating providers, study personnel, and outcome
assessors remaining blinded to treatment assignment and even
treatment hypotheses.While rarely performed, when a third-party
conducts data analyses that are masked from the study
hypotheses and treatment assignment, the trial may be described
as triple-blinded. Regardless of the label used, trials with blinding
should specify exactly which group(s) (eg, participants, providers,
data collectors, data analysts) remain blinded and the methods
used to achieve this result.

While not considered the gold standard, several other trial
designs represent logistically simpler and less-expensive alter-
natives to RCTs. Examples include cohort, case-control, and
cross-sectional studies. These designs may be the most
scientifically reasonable, pragmatic, and realistic approaches to
certain scientific questions. Additionally, the preliminary data
provided by other types of studies can inform the design of future
work to improve feasibility and funding support for the idea.
Building iteratively toward funding and idea implementation can
be a frustrating process, but this “sweat equity” provides
a learning opportunity for junior clinical investigators and
demonstrates the persistence and resilience required to pursue
a research career.

6. Specifying a key question and aims

The first and principal decision to make at the outset of planning
an investigation is to specify what key question the study will
address. The key question lays out the issue of primary focus for
the proposed investigation. This research question should reflect
what the study will address in precise yet understandable terms.
Clinical trials often progress through a series of defined stages in
addressing key questions related to a novel compound, therapy,
or treatment (Table 2). Among the different stages of clinical trials,
junior investigators typically begin with questions that fall within
the learning phase or phase 2. In this phase, one investigates
issues that need to be resolved prior to proceeding to
a confirmatory trial, such as dosage selection, proof of concept,
biological activity, or target engagement. Identifying and clarifying
a key question, and aims should precede any discussion of
a hypothesis. After defining the key question and crystalizing the
aims, decisions about what hypothesis to test and which
research design and method to use may follow.

7. Developing a hypothesis

Hypothesis development can be inspired by several factors
including direct experience with patients, conversations with
colleagues, or broader views from conferences, published
studies, and review articles. Ultimately, success of an idea and
a related grant depend on the significance and innovation of the
hypothesis. The process of selecting a general topic, focusing
your area of investigation, and narrowing down possible research
questions to a specific hypothesis challenges many early career
investigators. Before settling on a line of inquiry, take time to
understand what constitutes “good” research.47 Two qualities
are asking important questions (significance) and working on
projects that may lead to seminal observations (novelty).33

Identifying a question that fulfills the characteristics of good

Table 2

Phases of clinical trials.

Phase Name Purpose Duration Participants

I or 1 First-in-human Evaluating preliminary safety and dosage range,
drug metabolism, and bioavailability

Months 20–100 healthy volunteers or people with specific
diagnosis

II or 2 Learning Evaluating preliminary efficacy, longer-term safety,
biological activity, target engagement, and most
promising dosage(s)

Months to 2 years Up to several hundred people with specific
diagnosis

III or 3 Confirmatory Confirming efficacy and evaluating long-term safety 1–4 years 300 to 3000 people with specific diagnosis

IV or 4 Surveillance or postmarketing studies Safety and efficacy Years Several thousand people with specific diagnosis

Adapted from the US Food and Drug Administration. Drug development process. Clinical Research. Available at: https://www.fda.gov/forpatients/approvals/drugs/ucm405622.htm. Adaptations are themselves works protected

by copyright. So in order to publish this adaptation, authorization must be obtained both from the owner of the copyright in the original work and from the owner of copyright in the translation or adaptation.
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research questions may be a “rate-limiting” issue but is
a necessary investment of your time.22,33 Significance (impor-
tance) and innovation (novelty) are important criteria for review of
grant proposals.

Aligning your research interestswith national research priorities
serves as one way to choose an area of investigation and garner
support for your work. The Institute of Medicine’s “Blueprint for
Pain” (http://www.nationalacademies.org/hmd/Reports/2011/
Relieving-Pain-in-America-A-Blueprint-for-Transforming-Pre-
vention-Care-Education-Research.aspx) and National Pain
Strategy (https://iprcc.nih.gov/National-Pain-Strategy/Overview)
have concrete recommendations relevant to the pain clinical
research community. NIH task forces (https://iprcc.nih.gov/) exist
for many pain conditions, and these working groups can provide
guidance for research standards to include minimal data sets for
your research proposal.12 While your idea is most likely not going
to completely unravel the mysteries of pain, your chances of
success and funding rise when iteratively working toward
a concrete goal that connects to a bigger picture. Committing
time to research means time away from other areas in your life,
which is another good reason to focus on why your work has
impact. Early projects tend to be foundational work, but you
should try to choose projects that have educational or scientific
value. Educational value can translate to working on a review
article or meta-analysis to understand a topic as you build
a conceptual framework to develop and answer your own
scientific questions.40 Some junior clinical investigators work in
environments with existing data available for analysis or have
questions that would be answerable through a publicly available
database. Building on these resources, prepare or occasionally
discourage a clinical investigator frommoving forward to the next
step of transforming an idea to a funded proposal. In developing
a hypothesis, your key question is “what important answer will this
study provide that solves, or works toward solving, a problem?”
To work toward funding, you need to develop the context to be
the “right person, right place, and right time.” By focusing on
these criteria, you will be able to highlight that you have the
experience or experienced teammembers, the environment, and
tools or pilot data to successfully investigate your impactful idea.

An additional approach to developing an idea is evaluating the
pain-related research and resources within your research
environment. Your idea may be an extension of work that is
currently being investigated. Collaboration with others may foster
both mentoring relationships and work toward funding. NIH’s
Research Portfolio Online Reporting Tools (RePORT) (https://
report.nih.gov/) provides valuable information about current
researchers and projects at your institution related to pain as
well as other projects similar to key words that you are interested
in examining.44 Working with an established team can provide
some of the experience and mentoring to build toward identifying
personal research goals and interests.

8. Inclusion and exclusion criteria

In shaping your idea, one important concept to consider is how
the results will be useful once the project is successfully
completed. The most concrete components of this during the
study design phase are the inclusion and exclusion criteria. This
has several practical ramifications. These criteria frame the
external validity (generalizability) (validity) of your project. In
designing and shaping your idea, focusing on the clinical impact
of your study should drive a component of how you choose your
patient population. For example, studies performed on veteran
pain populations rarely include age, gender, and other

socioeconomic diversity that allows for broad implementation of
findings. Some pain projects are focused on specific populations,
such as obstetric or pediatric patients, that will provide very
population-specific data that justify the associated ethical or
research burden. Internal and external validity are a balancing
point in any trial design, in that they are the compromises that
have to be made inherent to the design of a trial. However,
justification of this burden will be upon the clinical investigator to
demonstrate and will result in additional regulatory and safety
reviews justifying the need for research.

9. Outcomes

Determining the relevant outcomes for your clinical research is
a critical decision to make after developing your hypothesis (see
“Clinical Outcomes Assessment in Clinical Trials of Chronic Pain
Treatments”). The field of pain research presents several
challenges regarding outcomes that stem from the condition of
pain itself. Difficulties in outcomemeasurement may occur due to
the subjective nature of pain, the limited associations between
objective findings, self-report, and behavioral responses, the
common overlap of pain with other conditions, and pain’s
multidimensional impact on sensory, emotional, cognitive, and
behavioral dimensions. Due to these issues, as well as a lack of
standardization in outcome assessment for pain clinical trials in
the past, consensus guidelines regarding core outcomes for
clinical trials of pain have been developed by the Initiative on
Methods, Measurement, and Pain Assessment in Clinical Trials
(IMMPACT).14–16 Other available guidelines include those for trials
involving opioids,48 pediatric participants,38 and acute pain.9

Outcomes relevant to pain trials include those in 5 patient-
reported outcome domains: pain, physical functioning, emotional
functioning, participant ratings of improvement and satisfactionwith
treatment, and symptoms and adverse event.47 For example,
a commonlymeasuredoutcome in thepain domain is pain intensity,
which may be measured using a verbal rating scale, numeric rating
scale, or a visual analog scale (VAS). Yet, past researchers note that
pain intensitymay not adequately capture the entire spectrumof the
quality of pain or how pain impacts behavior and interferences with
activities. As a result, methods exist to measure the separate but
related entities of pain intensity, quality, behavior, and interfer-
ence.14 In choosing an outcome for your clinical trial, you must
consider what outcome aligns the best with your hypothesis of
interest and what is feasible given available resources.

The research community demonstrates a growing interest in
measuring patient-reported outcomes with valid and reliable
instruments. Beside academic settings, patient-reported out-
comes are assuming an increasing relevance to health care
systems and private practice environments attempting to
demonstrate meaningful outcomes with patients. To facilitate
this, the NIH funded the development of the Patient-Reported
Outcome Measurement Information System (PROMIS) (http://
www.healthmeasures.net/explore-measurement-systems/
promis), which provides access to standardized questionnaires
for patient-reported outcomes at no charge and data collection
tools for a small fee. PROMIS covers many pain-related domains
with tools to measure pain, depression, anxiety, substance
abuse, and sleep, among others. A consortium of academic
institutions has adopted an electronic learning health system,
Collaborative Health Outcomes Information Registry (CHOIR), for
the collection of patient-reported outcomes, including PROMIS,
and other measures integrated into the electronic health re-
cord.25,26 These data are being used in both retrospective
registry analysis and prospective clinical trials.27,46
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Outcomes for pain, as well as other fields, require specification
of 5 characteristics to communicate properly about your re-
search, enhance your study method, and ensure reproducibil-
ity.45 These include the domain,measurement,metric,method of
aggregation, and time point. The domain describes the topic to
be measured. For example, pain intensity, depression, and
physical activity are examples of different domains relevant to
pain clinical trials. Measurement specifies the instrument or tool
used in the assessment of the outcome. For pain intensity, an
example of measurement is VAS, while the Hamilton Anxiety
Rating Scale is a measurement for anxiety. Metric specifies the
method of characterizing the outcome. Your study could use
a metric of change over time or the final value for VAS as the
metric. With regard to analysis, method of aggregation defines
how the data will be summarized. A method of aggregation of
mean VAS, proportion with VAS decrease of$50%or rate of pain
resolution (as in pain trajectory analysis), could be used.4

Because each method of aggregation provides different in-
formation, statistical significance could differ based on which
method you employ. Finally, time point demarcates the interval at
which the outcome is measured.

Every clinical trial should have a single, clearly stated, and
a priori defined primary outcome of interest that directly builds on
the study hypothesis. Stating more than 1 primary outcome in
your study introduces statistical issues withmultiple comparisons
that impact hypothesis testing. Having multiple primary outcome
variables require specification of a method for statistical analysis
that provides strong control of the familywise error rate or overall
probability of a type I error. Failing to state, vaguely stating, or
stating after the fact your primary outcome introduces the ability,
either real or perceived, to cherry pick an outcome that
demonstrates nominal statistical significance. This “fishing
expedition” or “data dredging” introduces bias from the selective
reporting of outcomes.

The primary outcome plays an important role in sample size
calculations and ultimately the number of participants you will
need to include in your trial to adequately test your hypothesis.21

Estimates of the number of participants needed for your trial
depend on the anticipated characteristics of the outcome. In
performing sample size calculations, recognize that your study
may not have sufficient power (probability of a statistically
significant result when there is a true effect of the treatment) to
address secondary outcomes. While other outcomes may be of
interest, you should consider the amount of time and cost
involved to design your study to have adequate power for
secondary outcomes. A power analysis in the planning stages of
your study helps to inform the sample size needed to determine if
an effect is present.

10. Sample size calculation

Determination of the sample size, calculated prior to study
initiation or enrollment based on your hypothesis, primary
outcome variable(s), and primary method for statistical analysis,
represents a significant step in planning your research project.20

This calculation provides an estimate regarding the number of
participants you need to have adequate power to detect
a treatment effect of a specified magnitude. Conducting a study
with inadequate power to address the primary question creates at
least 2 key problems for you. From a practical perspective, the
probability of a type II error is increased (ie, a treatment may have
a clinically meaningful effect that you may not have a high chance
of detecting). From an ethical perspective, if the study is not
adequately designed to address the primary question, the study

exposes participants to unacceptable risk or the burdens of
research and needlessly expends valuable resources. Of course,
not all hypotheses involve treatment group comparisons,
particularly in early phase studies, so sample size is not always
based on a power calculation. For example, it might be based on
estimating a particular quantity (eg, adverse event rate) with
a certain degree of accuracy.

Sample size estimates develop directly out of the hypothesis,
primary outcome variable(s), and primary method for statistical
analysis that you select for your study. Regardless of the trial,
several key pieces of information are needed to perform sample
size calculations.17 The first components are the power and
significance level that you desire to use. By convention,
researchers often specify power as 80% or 90% and significance
as 5%. Other important elements include the primary method for
statistical analysis, magnitude of the treatment effect that is of
interest to detect, values of nuisance parameters (eg, SD), and
anticipated dropout rate. Statisticians, accessible at many
institutions and departments, serve as a resource to you for
development, guidance, and execution of power and sample size
calculations. Working with a statistician will help guide your
design, but power calculations are generally informed by previous
published or pilot work that helps shape scientific expectations.
Important considerations include recruitment and retention.
Modern statistical software packages such as Stata, SPSS,
and SAS provide packages for these calculations, and PS (http://
biostat.mc.vanderbilt.edu/wiki/Main/PowerSampleSize) is an
open source software developed at Vanderbilt that is also
available for power and sample size calculations.13,49 An
important consideration for this calculation is determining
whether you have an available cohort for your study, that is, that
the calculation yields a sample size that is feasible to recruit. Many
institutions have clinical informatics groups that have adopted the
i2b2 platform that allows for cohort discovery to determine the
available patient population.31 This is more relevant and helpful
with rare medical diagnoses or very specific pain populations and
can be useful for grant proposals demonstrating that you have
access to an appropriately sized population.

11. Institutional review board and
regulatory components

Safety and regulatory components exist for all areas of research.
The legacy of early medical research resulted in many discoveries
that were conducted using methods the scientific community
now considers ethically and morally questionable or unaccept-
able. Recognition of the need to protect the safety of research
participants has resulted in many additional layers of oversight,
and most institutions supervise research of human subjects in as
streamlined a fashion as possible. Federal regulations require
clinical trials involving human subjects to obtain either IRB
approval or provide a letter of exemption for projects that qualify
as non–human subjects research. Many funding bodies for pilot
and other short-term grants also require this approval prior to
release of funds. The critical elements for success involve paying
attention to details required with applications and recognizing
that; for most institutions, obtaining IRB and regulatory approval
can be very lengthy processes. Some projects qualify for
expedited review, but this is institutionally dependent. Many
institutions have been held liable for unethical practices of
individual researchers and have put together additional steps of
review through Research Advisory Committees with additional
training in patient information protection, experimental drug
application information, financial management of grants, and
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ethical training.6 Pursuing clinical research exposes patients to
real and theoretical risks that need to be clearly identified and
addressed in research protocols and proposals. Working with
resources available within your environment when developing
a project will refine your approach and minimize the risk of having
a project rejected, suspended, or cited for deviating from ethical
research standards.

12. Special consideration for studying pain

As with many complex chronic conditions, several national
organizations and expert groups offer standard methods and
approaches to investigating painful conditions. For example,
reviewing the work of US-basedmultidisciplinary groups, such as
Initiative on Methods, Measurement, and Pain Assessment in
Clinical Trials and the NIH Interagency Committee’s National Pain
Strategy, can help guide methods and measurements for
different painful conditions.32,41 Additionally, some of these
groups have recommended minimal data sets that can be
important frameworks to build your study protocol and grant
proposal. Discovering the options for expert-defined design
considerations and outcome measures after study initiation will
limit the potential of your work and potentially undermine your
proposals and manuscripts when reviewed by topic experts.
Specifically, the NIH PROMIS measures of pain and related
domains include the highly relevant components of pain intensity,
pain interference, and functional status, as well as depression
and anxiety.28

13. Study protocol and national trial registration

An important document relevant to clinical trials is the study
protocol, which serves several purposes, including helping you
organize and justify your research, helping the IRB ensure your
research is performed in an ethical manner, and helping other
researchers evaluate your work before, during, and after the
research takes place. Many IRBs affiliated with academic centers
have standardized templates for the protocol of a clinical trial, so
taking the time to investigate the specific requirements of your
particular IRB at the start of this process is well worth the time and
energy. Regardless of the particular template, study protocols of
any type share similarities regarding key elements that are
necessary to describe when planning a clinical trial. Given these
similarities, it can be very helpful to reach out to other researchers
in your environment to determine whether there are any recent
successful submissions they are willing to share for you to review.

Study protocols follow conventions of most manuscripts and
writing. Making the reader work to understand your proposal
potentially means loss of interest. A meaningful title should
succinctly capture the purpose the research and state the study
design. The summary of your idea and proposal will be requested
in the form of an abstract or summary statement and is easiest to
compose after the protocol is completed. Fundamentally, good
scientific writing engages the reader, and it has an element of
storytelling that is applicable to proposals, grant applications, and
manuscripts. In the introduction, you demonstrate the back-
ground leading to the development of the idea, focusing on
identifying the gap in knowledge. The introduction should clearly
state the relevance of the proposed work and the impact that will
follow completion of the study.

The introduction sets up acritical but concise portion of the study
protocol: stating the study goal, key question(s) or objective(s), and
aim(s). The goal of the study should be stated clearly and describe
broadly what you hope to accomplish as a result by completing

the study. The key question or objective of the study is more
specific and may be framed as seeking to answer the research
question at the heart of the study protocol. Finally, if relevant,
include your study aims and specific hypotheses to be tested.
Aims detail how you will go about testing the hypothesis. Briefly
summarize the relevant experimental approach and outcome or
impact in a sentence or two.

13.1. Methods section and detailed approach

This section should bring forth your solution to the proposed gap
and include specific details regarding the study that would allow
replication of the results. Important components include the
explicitly stated study design, study setting, study population,
and recruitment plan. Important topics such as the source of
participants, the methods used for recruitment, the time frame
for study recruitment, and inclusion and exclusion criteria for
participants must be detailed. Also describe your approach to
the informed consent process, if relevant. Enumerating the
number of patients that you will recruit involves calculating the
sample size for your study. Assumptions used in sample size
calculations should be described, including power, significance
level (alpha), and how you will account for any anticipated
attrition.

13.2. Data collection

Methods related to assessment and measurement of outcomes
should include what data will be collected, how it will be
collected, and the time frame of data collection. Data collection
at baseline (such as demographics and other important
variables), at follow-up (such as efficacy and safety data,
biomarker data, compliance data, and adverse events), and at
conclusion of the study should be described. Include the 5
characteristics of study outcomes important for study analysis
(domain, measurement, metric, method of aggregation, and
time point, as described above in Outcomes). Often, a time line
of the study that details the schedule for outcome ascertainment
may communicate this information in a more compact and
understandable way compared to relying entirely on written
descriptions. For some studies, this is a table that has the study
visit in the columns and the evaluations in the rows, with X
marking whether a particular evaluation is to be done at
a particular visit.

13.3. Intervention

Details include the treatment, dosage, timing, route, safety
considerations, and anticipated risks, as well as methods to
promote blinding (eg, similar appearance, taste, etc.) if a placebo
or alternative treatment is implemented. Trials involving random-
ization of participants should describe adequate methods for
random sequence generation, including stratification and block-
ing if applicable, and allocation concealment to reduce selection
bias.

13.4. Adverse event reporting

Similar to the description of outcome ascertainment, the method
and frequency of assessing adverse outcomes should be listed.
The capture of serious adverse events, which have a specific
regulatory definition, is necessary. In the event of a serious
adverse event, the plan for managing the situation and reporting
to the IRB, data and safety monitoring board, or other
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organizations should be detailed. If stopping the study due to
adverse events is a possibility, the approach for this decision
should contain a list of rules and procedures to enact should this
take place.

13.5. Data management and safety

The IRB and granting organizations will examine your methods to
address privacy and confidentiality concerns based on the study
design, type of participants, and other study details. Methods
used for deidentification of data should be described. Other
concerns vary based on data format, include the storage of data
(locked cabinet, encrypted server behind a firewall), access
privileges (who has the key to locked paper records; read vs read/
write access for digital data), and whether a publicly accessible
data set will be released. Data management can be an
afterthought for many junior clinical investigators, leading to
insecure methods that are not compliant. Whenever possible,
personnel with proper expertise in data management should be
incorporated into the project. Important aspects of data
management include timely data entry, periodic error checking
of the data as the study progresses, error correction, and
database locking. Institutional resources (eg, REDCap at many
US institutions with a CTSI) can sometimes be utilized at minimal
cost.

13.6. Statistical analysis

Statisticians should be involved in the design of the trial, and
they can also ensure that you use appropriate language when
crafting a statistical analysis plan. Important components
include a description of the statistical methods to be used,
how you will account for anticipated confounders, how you will
deal with missing data, how you will address the issue of
multiple comparisons (where applicable), what methods will
be used for interim analyses and potential early stopping
(where applicable), what software will be used for the analysis,
and who will analyze the data. Methods used for analysis of the
primary outcome should be emphasized, given the impor-
tance of your hypothesis a priori. Details regarding analysis of
secondary outcomes and subgroup analyses are also
important to consider because additional statistical testing
proposed after obtaining study data falls into the domain of
post hoc analysis and, if not prespecified, has limited
credibility.

13.7. Ethical issues

Describe the ethical aspects of your study that are likely to raise
concern. For members of the IRB who may have limited
knowledge regarding pain research and proposed treatments,
you should specify what aspects of the study represent standard
of care or are performed in the course of routine patient care. This
permits you to contrast elements that deviate from routine care,
such as patients taking placebo treatment or delaying treatment
for a period. Additionally, granting organizations, such as the NIH,
require sections on the inclusion or exclusion of women, children,
or minorities.

Research in special populations such as children (pre-2016
NIH definition actually included up to age 21 and now is limited to
18 and under), pregnant women, and other vulnerable groups
may require additional justification for inclusion or exclusion.
Additionally, ongoing pain literature has included work focusing
on gender differences in pain.

13.8. Budget and budget justification for grants

This highly scrutinized section is not an afterthought to your
proposal and may be a driving factor in some of your proposal
design. Most granting organizations will require extensive
descriptions of and justification of cost. Understanding the cost
of what you need to complete the project is an important part of
successful project completion. Many people underestimate the
cost of infrastructure.Workingwith the grants and contracts team
relevant to your environment should occur early and often. Most
institutions have review deadlines that must be met prior to
submission for institutional signoff, which can prevent timely
submission of your proposal if not appropriately followed. Costs
can include salary support for coinvestigators and study
coordinators, statistical and data management support, treat-
ment costs, publication expenses, as well as travel to relevant
meetings. Training grants also generally include costs for parts of
the educational plan that would require coursework to complete,
which could be online, in person, or at short courses.

13.9. Presubmission review

Permitting the study protocol to undergo review by colleagues,
mentors, and other select researchers is highly recommended.
The goal of the review process is to improve study methodology
and to ensure that the protocol is complete. Some investigators
have access to formal review committees to ensure that the
scientific question and methodology align and are appropriate to
meaningfully test the proposed hypothesis. Given the cost in time,
energy, and money in conducting clinical research, you would be
wise to make use of these resources within your environment if
available and not otherwise required. Involving other experts in
reviewing your work will add significant additional time. Your last
minute emergency is not necessarily their priority. After the study
protocol has undergone review by these groups, including the
IRB, the final document represents the approved plan for the
clinical trial.

13.10. Postreview modifications

Changes to a study protocol may be needed in course of
conducting a study but should not be undertaken lightly. In
addition to their scientific basis, many investigators conduct pilot
trials to solve problems with study protocols and methodology
prior to conducting the larger study, which helps prevent
unanticipated study protocol changes for large clinical trials.
After obtaining approval from the IRB, changes to study protocols
require resubmission, justification, and reapproval.

13.11. Clinical trial mandatory registration process

Upon approval of the study protocol, the clinical trial should be
registered with a publicly accessible database to support
scientific transparency. Clinical trials of drugs and study devices
must be registered with ClinicalTrials.gov, per Section 801 of the
Food and Drug Administration Amendments Act (FDAAA 801).23

For studies of any intervention, a clinical trial should be registered
according to the policies of other prominent organizations,
including the International Committee of Medical Journal Editors
(ICMJE),10,11 the World Health Organization International Clinical
Trials Registry Platform,50 and American Association of Medical
Colleges.34 Registration of trials applies to prospective trials, both
observational and randomized in design. Trial registration should
take place at the time of or prior to enrollment of the first
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participant, although some guidelines extend the deadline to no
later than 21 days after the first participant enrolls. Accordingly, an
increasing number of medical journals request the clinical trial
registration number at the time of manuscript review, verify that
data in the trial registry corresponds to that in themanuscript, and
will not accept manuscripts for trials that fail to register prior to
enrollment of the first patient.7,51 Some institutions have an
organization account managed via a Protocol Registration and
Results System administrator.

Continuing the process, updates to the registry regarding the
clinical trial are recommended at periodic intervals, such as when
patient recruitment begins, with conclusion of recruitment, with
publication of study results, and with termination of the study.
While reporting results of the trial on the site has become
mandatory for many types of investigations, many researchers
have not fully adopted the convention of publishing trial data
despite convincing ethical, methodological, and scientific rea-
sons.2 Publishing the study protocol for a clinical trial in peer-
reviewed literature represents another step to enhance trans-
parency, obtain feedback in a formal manner, and reduce bias for
a trial. However, given the time expenditure and cost associated
with formally publishing a protocol, pursing this step is likely to
make sense with larger, confirmatory clinical trials.

14. Funding

14.1. Getting started

Similar to the business world, many major granting agencies
require proof of concept, as well as the expertise of the
investigator and strength of the environment to support the
project. Recognizing this, many institutions have developed
formal and informal processes to support junior investigators who
start or continue down this pathway. To support your professional
development, it is worth investigatingwhat training your institution
offers or what online open source curriculum would strengthen
both your understanding and application. Institutional resources
can range from research overview courses to research certificate
or degree programs. Online (free) resources readily exist to
support growth in the areas of statistics, clinical trial design, and
ethical or regulatory information. Depending on the resources of
your department or institutional research support, you may have
an extensive application process to obtain this support. While
a considerable amount of work, this application process can help
identify gaps and flaws in your idea that might prevent successful
completion of this process. Understanding that a grant proposal
is your chance to highlight the strengths of your idea and
demonstrate the value of your approach to problem solving will
inform the tone of your application. Often researchers who are not
experts in your fields will review your work, making it essential to
clearly present your concept in a straightforward manner with
minimal jargon.

14.2. Society or foundation

Moving beyond local resources, several societies and founda-
tions support early career clinical investigators to develop
professionally in pain medicine. Many have pilot funding or career
development opportunities, including the International Associa-
tion for the Study of Pain. These opportunities vary from country
to country. Many national societies fund junior investigators. For
example, in the United States, look to the American Academy of
Pain Medicine, American Pain Society, American Society of
Regional Anesthesia and Pain Medicine, and Foundation for

Anesthesiology Education and Research. The Canadian Pain
Society supports early career investigators (http://www.cana-
dianpainsociety.ca/page/AwardsGrant) and the European Pain
Federation supports young scientists focusing on pain research
(https://www.europeanpainfederation.eu/eyap/e-g-g-research-
grant/). Additionally, opportunities for peer networking and
development occur through the International Association for the
Study of Pain’s Pain Schools in Europe (http://www.european-
painschool.eu/), North America (http://northamericanpain-
school.com/), Latin America (http://
www.internationalpainschool.de/), and other international and
national societies. For junior investigators in the United States, at
this stage of your career, if applicable, it is also worthwhile to
consider applying to the NIH’s Loan Repayment Program
(https://www.lrp.nih.gov/), which will provide 2-year contracts
for loan repayment if you meet their funding criteria and review.

14.3. Federal funding sources: US examples

Traditionally focused on the NIH, many institutions are recogniz-
ing the value of other federal granting sources such as PCORI
(http://www.pcori.org/), Agency for Healthcare Research and
Quality (http://www.ahrq.gov/), and DOD (http://cdmrp.army.mil/).
These granting bodies represent different scientific perspectives
with specific foci. Reading about the missions and approaches
will help direct your work to the best home. Understanding that
granting organizations have specific portfolio needs is the first
step to finding the best fit for your idea. Many of the federal
agencies have career development grants (VHA, NIH, Agency for
Healthcare Research and Quality), and these have defined
program officers who help manage these grants. These program
officers can have helpful advice aboutwhether your idea fits within
the scope of their group, and it is worth the effort to determine
whether their agency will be interested in funding your idea. Even
the highest scoring grant will not be funded if it does not align with
the goals of the funding organization. Program officers can and
will direct you to a better fit if they feel that this is appropriate and
can also make suggestions to strengthen your application, so
speak with them early and often if possible. The benefit of these
grants is the protected time to focus on your research and career
development.

While traditional career development grants lasting 2 to 5 years
are a recognized pathway to future funding, there are alternative
routes. For example, the NIH has pilot project granting
mechanisms to support larger independently funded applications
(R01 mechanisms) that can be worth applying for depending on
the nature of your science and feedback of the program officer.
These projects do not eliminate your eligibility for career
development grants and provide further evidence of your future
success. Ultimately, many researchers aspire to R01 funding,
and there are multiple routes to achieve this goal.

15. Summary

Junior clinical investigators encounter many opportunities and
challenges when first considering whether and how to conduct
pain clinical trials in academia. The building blocks for such
a journey begin with exploring the motivation, mentorship, and
conceptual ideas unique to each early career researcher and his
or her environment. This article has reviewed many of the steps
that follow when conducting research projects leading up to and
including a clinical trial. With time and focus, an appropriate and
accessible research project can be crafted in response to any
pain research question of interest. Whether starting a clinical trial
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de novo, joining an on-going research project with an established
pain research group, or reviewing the existing literature on a topic
of interest, the work of junior clinical investigators is essential to
ensuring the progress of clinical pain research.

Disclosures

C. L. Wu declares advisory boards for Trevena, Merck, and The
Medicine Company. The remaining authors have no conflict of
interest to declare.

Research reported in this publication was supported by the
National Institutes of Health (NIH) National Institute of Biomedical
Imaging and Bioengineering of the National Institutes of Health
under Grant number K08EB022631 and the National Institute of
General Medical Sciences under grant number T32GM075774.

The content is solely the responsibility of the authors and does
not necessarily represent the official views of the National
Institutes of Health.

M. C. B. Adams and M. C. Bicket contributed equally to this
research.

Article history:
Received 13 November 2017
Received in revised form 5 December 2017
Accepted 16 January 2018

References

[1] Alisic S, Boet S, Sutherland S, Bould MD. A qualitative study exploring
mentorship in anesthesiology: perspectives from both sides of the
relationship. Can J Anaesth 2016;63:851–61.

[2] AndersonML, Chiswell K, Peterson ED, TasneemA, Topping J, Califf RM.
Compliance with results reporting at ClinicalTrials.gov. N Engl J Med
2015;372:1031–9.

[3] Basic HHS policy for protection of human research subjects. 45 C.F.R. §
46. Available at: https://www.hhs.gov/ohrp/regulations-and-policy/
regulations/45-cfr-46/index.html. Accessed August 22, 2017.

[4] Chapman CR, Donaldson GW, Davis JJ, Bradshaw DH. Improving
individual measurement of postoperative pain: the pain trajectory. J Pain
2011;12:257–62.

[5] Chew LD, Watanabe JM, Buchwald D, Lessler DS. Junior faculty’s
perspectives on mentoring. Acad Med 2003;78:652.

[6] CITI program. Available at: https://www.citiprogram.org/. Accessed
September 6, 2016.

[7] ClinicalTrials.gov. How to register your study. Available at: https://
clinicaltrials.gov/ct2/manage-recs/how-register. Accessed September
6, 2016.

[8] Cochrane database of systematic reviews. Available at: http://
www.cochranelibrary.com/cochrane-database-of-systematic-reviews/.
Accessed August 22, 2017.

[9] Cooper SA, Desjardins PJ, Turk DC, Dworkin RH, Katz NP, Kehlet H,
Ballantyne JC, Burke LB, Carragee E, Cowan P, Croll S, Dionne RA,
Farrar JT, Gilron I, Gordon DB, Iyengar S, Jay GW, Kalso EA, Kerns RD,
McDermott MP, Raja SN, Rappaport BA, Rauschkolb C, Royal MA,
Segerdahl M, Stauffer JW, Todd KH, Vanhove GF, Wallace MS, West C,
White RE, Wu C. Research design considerations for single-dose
analgesic clinical trials in acute pain: IMMPACT recommendations.
PAIN 2016;157:288–301.

[10] De Angelis CD, Drazen JM, Frizelle FA, Haug C, Hoey J, Horton R, Kotzin
S, Laine C, Marusic A, Overbeke AJ, Schroeder TV, Sox HC, Van Der
Weyden MB; International Committee of Medical Journal Editors. Is this
clinical trial fully registered? A statement from the International Committee
of Medical Journal Editors. N Engl J Med 2005;352:2436–8.

[11] De Angelis C, Drazen JM, Frizelle FA, HaugC, Hoey J, Horton R, Kotzin S,
Laine C, Marusic A, Overbeke AJ, Schroeder TV, Sox HC, Van Der
Weyden MB; International Committee of Medical Journal Editors. Clinical
trial registration: a statement from the international committee of medical
journal Editors. JAMA 2004;292:1363–4.

[12] Deyo RA, Dworkin SF, Amtmann D, Andersson G, Borenstein D,
Carragee E, Carrino J, Chou R, Cook K, DeLitto A, Goertz C, Khalsa P,
Loeser J, Mackey S, Panagis J, Rainville J, Tosteson T, Turk D, Von Korff

M, Weiner DK. Report of the NIH task force on research standards for
chronic low back pain. J Pain 2014:15:569–85.

[13] Dupont WD, Plummer WD. Power and sample size calculations: a review
and computer program. Control Clin Trials 1990;11:116–28.

[14] Dworkin RH, Turk DC, Farrar JT, Haythornthwaite JA, Jensen MP, Katz
NP, Kerns RD, Stucki G, Allen RR, Bellamy N, Carr DB, Chandler J,
Cowan P, Dionne R, Galer BS, Hertz S, Jadad AR, Kramer LD, Manning
DC, Martin S, McCormick CG, McDermott MP, McGrath P, Quessy S,
Rappaport BA, Robbins W, Robinson JP, Rothman M, Royal MA, Simon
L, Stauffer JW, Stein W, Tollett J, Wernicke J, Witter J. Core outcome
measures for chronic pain clinical trials: IMMPACT recommendations.
PAIN 2005;113:9–19.

[15] Dworkin RH, Turk DC, Katz NP, Rowbotham MC, Peirce-Sandner S,
Cerny I, Clingman CS, Eloff BC, Farrar JT, Kamp C, McDermott MP,
Rappaport BA, Sanhai WR. Evidence-based clinical trial design for
chronic pain pharmacotherapy: a blueprint for ACTION. PAIN 2011;152:
S107–15.

[16] Dworkin RH, Turk DC, Wyrwich KW, Beaton D, Cleeland CS, Farrar
JT, Haythornthwaite JA, Jensen MP, Kerns RD, Ader DN,
Brandenburg N, Burke LB, Cella D, Chandler J, Cowan P, Dimitrova
R, Dionne R, Hertz S, Jadad AR, Katz NP, Kehlet H, Kramer LD,
Manning DC, McCormick C, McDermott MP, McQuay HJ, Patel S,
Porter L, Quessy S, Rappaport BA, Rauschkolb C, Revicki DA,
Rothman M, Schmader KE, Stacey BR, Stauffer JW, von Stein T,
White RE, Witter J, Zavisic S. Interpreting the clinical importance of
treatment outcomes in chronic pain clinical trials: IMMPACT
recommendations. J Pain 2008;9:105–21.

[17] Ellerbe C. What information will a statistician need to help me with
a sample size calculation? Stroke 2015;46:e159–61.

[18] Equator Network. The equator network: Enhancing the QUAlity and
Transparency Of health Research. Available at: http://www.equator-
network.org. Accessed May 4, 2016.

[19] Ellimoottil C, Vijan S, Flanigan RC. A primer on clinical trial design. Urol
Oncol 2015;33:116–21.

[20] Farrokhyar F, Reddy D, Poolman RW, Bhandari M. Why perform a priori
sample size calculation? Can J Surg 2013;56:207–13.

[21] Fitzner K, Heckinger E. Sample size calculation and power analysis:
a quick review. Diabetes Educ 2010;36:701–7.

[22] Flockhart DA, Abernethy DR. Finding the right research question: quality
science depends on quality careers. Clin Pharmacol Ther 2008;84:
427–9.

[23] Food and Drug Administration. Food and drug administration
amendments act (FDAAA 801). Available at: https://www.gpo.gov/
fdsys/pkg/PLAW-110publ85/pdf/PLAW-110publ85.pdf#page582.
Accessed June 4, 2016.

[24] Glasser SP, Howard G. Clinical trial design issues: at least 10 things you
should look for in clinical trials. J Clin Pharmacol 2006;46:1106–15.

[25] Harle CA, Lipori G, Hurley RW. Collecting, integrating, and disseminating
patient-reported outcomes for research in a learning healthcare system.
EGEMS (Wash DC) 2016;4:1240.

[26] Harle CA, Listhaus A, Covarrubias CM, Schmidt SO,Mackey S, Carek PJ,
Fillingim RB, Hurley RW. Overcoming barriers to implementing patient-
reported outcomes in an electronic health record: a case report. J Am
Med Inform Assoc 2016;23:74–9.

[27] Harle CA, Marlow NM, Schmidt SO, Shuster JJ, Listhaus A, Fillingim RB,
Hurley RW. The effect of EHR-integrated patient-reported outcomes on
satisfaction with chronic pain care. Am J Manag Care 2016;22:e403–8.

[28] Health measures. Introduction to PROMIS. Available at: http://
www.healthmeasures.net/explore-measurement-systems/promis/intro-
to-promis. Accessed September 9, 2016.

[29] Hindman BJ, Dexter F, Todd MM. Research, education, and nonclinical
service productivity of new junior anesthesia faculty during a 2-year
faculty development program. Anesth Analg 2013;117:194–204.

[30] Hurley RW, Zhao K, Tighe PJ, Ko PS, Pronovost PJ, Wu CL. Examination
of publications from academic anesthesiology faculty in the United
States. Anesth Analg 2014;118:192–9.

[31] I2b2 informatics for integrating biology and the bedside. Available at:
https://www.i2b2.org/. Accessed September 6, 2016.

[32] Initiative on methods, measurement, and pain assessment in clinical
trials. Available at: http://www.immpact.org/. Accessed September 9,
2016.

[33] Kahn CR. Picking a research problem. The critical decision. N Engl J Med
1994;330:1530–3.

[34] Korn D, Ehringhaus S. Principles for strengthening the integrity of clinical
research. PLoS Clin Trials 2006;1:e1.

[35] Kubiak NT, Guidot DM, TrimmRF, KamenDL, Roman J. Recruitment and
retention in academic medicine–what junior faculty and trainees want
department chairs to know. Am J Med Sci 2012;344:24–7.

12 M.C.B. Adams et al.·4 (2019) e639 PAIN Reports®

https://www.hhs.gov/ohrp/regulations-and-policy/regulations/45-cfr-46/index.html
https://www.hhs.gov/ohrp/regulations-and-policy/regulations/45-cfr-46/index.html
https://www.citiprogram.org/
https://clinicaltrials.gov/ct2/manage-recs/how-register
https://clinicaltrials.gov/ct2/manage-recs/how-register
http://www.cochranelibrary.com/cochrane-database-of-systematic-reviews/
http://www.cochranelibrary.com/cochrane-database-of-systematic-reviews/
http://www.equator-network.org
http://www.equator-network.org
https://www.gpo.gov/fdsys/pkg/PLAW-110publ85/pdf/PLAW-110publ85.pdf#page=82
https://www.gpo.gov/fdsys/pkg/PLAW-110publ85/pdf/PLAW-110publ85.pdf#page=82
http://www.healthmeasures.net/explore-measurement-systems/promis/intro-to-promis
http://www.healthmeasures.net/explore-measurement-systems/promis/intro-to-promis
http://www.healthmeasures.net/explore-measurement-systems/promis/intro-to-promis
https://www.i2b2.org/
http://www.immpact.org/


[36] Levin KA. Study design VII. Randomised controlled trials. Evid Based
Dent 2007;8:22–3.

[37] Lynn J, Baily MA, Bottrell M, Jennings B, Levine RJ, Davidoff F, Casarett
D, Corrigan J, Fox E, Wynia MK, Agich GJ, O’Kane M, Speroff T, Schyve
P, Batalden P, Tunis S, Berlinger N, Cronenwett L, Fitzmaurice JM,
Dubler NN, James B. The ethics of using quality improvement methods in
health care. Ann Intern Med 2007;146:666–74.

[38] McGrath PJ, Walco G, Turk DC, Dworkin RH, Brown MT, Davidson K,
Eccleston C, Finley GA, Goldschneider K, Haverkos L, Hertz SH,
Ljungman G, Palermo T, Rappaport BA, Rhodes T, Schechter N, Scott
J, Sethna N, SvenssonOK, Stinson J, von Baeyer CL,Walker L,Weisman
S, White RE, Zajicek A, Zeltzer L. Core outcome domains and measures
for pediatric acute and chronic/recurrent pain clinical trials: PedIMMPACT
recommendations. J Pain 2008;9:771–83.

[39] Mets B, Galford JA. Leadership and management of academic
anesthesiology departments in the United States. J Clin Anesth 2009;
21:83–93.

[40] Nackman GB. Reading the literature and developing a hypothesis. J Surg
Res 2005;128:158–61.

[41] NIH interagency committee’s national pain strategy. Available at: https://
iprcc.nih.gov/docs/DraftHHSNationalPainStrategy.pdf. Accessed
September 6, 2016.

[42] Nottage M, Siu LL. Principles of clinical trial design. J Clin Oncol 2002;20:
42S–6S.

[43] Official Journal of the European Union. Regulation (EU) No 536/2014.
Available at: https://ec.europa.eu/health/sites/health/files/files/eudralex/
vol-1/reg_2014_536/reg_2014_536_en.pdf. Accessed August 22, 2017.

[44] Research portfolio online reporting tools (RePORT). Available at: https://
report.nih.gov/index.aspx. Accessed September 6, 2016.

[45] Saldanha IJ, Dickersin K, Wang X, Li T. Outcomes in Cochrane
systematic reviews addressing four common eye conditions: an
evaluation of completeness and comparability. PLoS One 2014;9:
e109400.

[46] Sturgeon JA, Darnall BD, Kao MC, Mackey SC. Physical and
psychological correlates of fatigue and physical function:
a Collaborative Health Outcomes Information Registry (CHOIR) study.
J Pain 2015;16:291–8.e1.

[47] Toledo AH, Flikkema R, Toledo-Pereyra LH. Developing the research
hypothesis. J Invest Surg 2011;24:191–4.

[48] Turk DC, O’Connor AB, Dworkin RH, Chaudhry A, Katz NP, Adams EH,
Brownstein JS, Comer SD, Dart R, Dasgupta N, Denisco RA, Klein M,
Leiderman DB, Lubran R, Rappaport BA, Zacny JP, Ahdieh H, Burke LB,
Cowan P, Jacobs P,Malamut R,Markman J,Michna E, Palmer P, Peirce-
Sandner S, Potter JS, Raja SN, Rauschkolb C, Roland CL, Webster LR,
Weiss RD, Wolf K. Research design considerations for clinical studies of
abuse-deterrent opioid analgesics: IMMPACT recommendations. PAIN
2012;153:1997–2008.

[49] Vanderbilt University Department of Biostatistics. PS: power and sample
size calculation. Available at: http://biostat.mc.vanderbilt.edu/wiki/Main/
PowerSampleSize. Accessed June 4, 2016.

[50] World Health Organization. International clinical trials registry platform.
2016. Available at: http://www.who.int/ictrp/. Accessed June 4, 2016.

[51] Zarin DA, Keselman A. Registering a clinical trial in ClinicalTrials.gov.
Chest 2007;131:909–12.

4 (2019) e639 www.painreportsonline.com 13

https://iprcc.nih.gov/docs/DraftHHSNationalPainStrategy.pdf
https://iprcc.nih.gov/docs/DraftHHSNationalPainStrategy.pdf
https://ec.europa.eu/health/sites/health/files/files/eudralex/vol-1/reg_2014_536/reg_2014_536_en.pdf
https://ec.europa.eu/health/sites/health/files/files/eudralex/vol-1/reg_2014_536/reg_2014_536_en.pdf
https://report.nih.gov/index.aspx
https://report.nih.gov/index.aspx
http://biostat.mc.vanderbilt.edu/wiki/Main/PowerSampleSize
http://biostat.mc.vanderbilt.edu/wiki/Main/PowerSampleSize
http://www.who.int/ictrp/
www.painreportsonline.com

