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Title: Medical Rehabilitation: Guidelines to Advance the Field with High-Impact Clinical Trials

ABSTRACT

The purpose of this Special Communication is to summarize guidelines and recommendations
stemming from an expert panel convened by the National Institutes of Health (NIH), National Center for
Medical Rehabilitation Research (NCMRR) for a workshop entitled, The Future of Medical Rehabilitation
Clinical Trials, held 29-30 September 2016 at the NCMRR offices in Bethesda, Maryland. The ultimate
goal of both the workshop and this summary is to offer guidance on clinical trials design and operations
to the medical rehabilitation research community, with the intent of maximizing the impact of future

trials.
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PURPOSE AND OVERVIEW

The conduct guidelines, review processes, monitoring, and ulitimate outcome expectations of
clinical trials sponsored by the National Institutes of Health (NIH) have evolved substantially over the
past decade. This has occurred alongside a rapidly evolving landscape of clinical and translational
research in medical rehabilitation — a field that is burgeoning to meet the growing demands of both
chronic and traumatic disease management. The medical rehabilitation field finds itself in a unique and
challenging position of advancing interventions that extend healthspan, but must do so with high quality
clinical trials. To that end, the NIH National Center for Medical Rehabilitation Research (NCMRR) —in
conjunction with one of its P2C national resource centers, the Rehabilitation Research Resource to
Enhance Clinical Trials (REACT, P2CHD086851) — convened an expert panel for a workshop, The Future
of Medical Rehabilitation Clinical Trials 29-30 September 2016 in Bethesda, Maryland. (REACT is one of
six NCMRR-supported national P2C research resource centers which form the Medical Rehabilitation
Research Resource (MR3) Network). The interdisciplinary panel approached the workshop with a broad
view of medical rehabilitation — embracing the full spectrum of interventional strategies (behavioral,
device-driven, pharmaceutical, multimodal, etc) intended to treat acute or chronic conditions with the
aim of improving or restoring functional status (physical, cognitive, emotional), self-sufficiency, and
ultimately healthspan.

The overarching aim of the workshop was to examine trial design and conduct considerations
viewed by the panel as essential to the success and ultimate impact of clinical trials in medical
rehabilitation, and to summarize recommendations to the researcher seeking to lead such trials. Thus,
the specific aims were to: (i) aid investigators in targeting an appropriate study design to meet the study
objectives at any stage of development; (ii) offer strategies for defining key outcome measures at a
given phase of translation; (iii) emphasize the value of learning from the inevitable inter-individual

response heterogeneity to any intervention, to both streamline improvements in intervention design,
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and facilitate development of precision rehabilitation strategies; (iv) provide proven strategies for
optimizing participant recruitment and retention; (v) describe challenges and opportunities for
maximizing sustainability; (v) discuss both the value and potential risks of leveraging existing and
emerging technologies; and (vi) overview a number of key, practical approaches to increase the rigor
and reproducibility of medical rehabilition trials (see appendix). This workshop summary and appendix
encapsulate the panel’s discussion and recommendations in each of these areas, with the intent of
maximizing the impact of future trials. A videocast of the workshop is archived at
https://www.nichd.nih.gov/about/org/ncmrr/Pages/highlights.aspx.
DESIGN CONSIDERATIONS / STAGES OF DEVELOPMENT
Types of Designs

An essential first step in developing plans for a clinical trial is to recognize the stage of
development and select a concordant study design that will meet the study’s aims. The typical
randomized controlled trial (RCT) is a design in which participants are randomly assigned to a treatment
or untreated control, and studied in parallel. Random assignment is used to mitigate bias, and the
control condition is used to account for potential influential factors (on outcomes) independent of the
treatment (e.g., seasonal variation, learning that improves performance on a test due to repeat
exposure to the test, etc). Such standard parallel group designs are well-known and well-used, both
appropriately and inappropriately. However, many other designs are suitable for rehabilitation trials.
Here we consider newer or less common designs that may enable the medical rehabilitation researcher
to most effectively address a primary question.

Targeted or Enrichment. Similar to some cancer trials where responses can purportedly be
predicted by genetics or tumor responsiveness ex vivo, particular rehabilitation interventions may be
suited to participants based on genetics or type of injury. These “targeted designs”” or enrichment

designs are more efficient than classical parallel designs by selecting participants with high likelihood for
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response to therapy. However, there are tradeoffs between the costs of screening and recruitment vs. a
design to produce improved results with a purportedly more responsive population. Some
considerations should be: (i) accuracy of identifying the responsive subgroup; (ii) differential effect of
the proposed treatment in the responsive subgroup, and (iii) costs of screening and resultant sample
sizes. When the projected differential between the response to therapy in the target group vs. non-
target group is great and the cost of the therapy is consequential, then such a design can lead to smaller
sample sizes and improve efficiency. When screening cost is high, the benefit of the target design
requires a large difference in efficacy between the target and non-target group, and when the
proportion with the target exceeds 50%, the benefits of a target design diminish rapidly, particularly if
there is some responsiveness by the non-target group.

Adaptive. Adaptive designs are popular, but have numerous definitional interpretations.
Adaptive designs typically imply modifying sample size and/or dropping treatment arms based on
information acquired. Such designs examine futility or dropping a treatment;” declare effectiveness or
efficacy at the interim time point;® and adjust the sample size to achieve the expected result.* With the
latter case, there are generally two approaches: (i) adjust the sample size based on design assumptions
and do not examine treatment differences; or (ii) examine the actual differences and increase sample
size if necessary to achieve the power to reject the original null hypothesis. There is no statistical penalty
in the first approach since adjustments are based on the assumptions of the trial; however, the logistics
and analysis strategy must be carefully planned in advance. With the second approach, the planning for
interim sample size reassessment — which uses actual differences between groups and may require
adjustments to the Type | errors —is extensive and requires careful decision-making about unmasking
data, i.e. who can see which results.

Traditional phase |, Il and Il designs are adaptive designs in that between each phase,

adjustments can be made (and usually are), but they are not seamless. Today’s terminology implies that
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changes are made as data become available. Alternatively, designs can be adaptive in their
randomization, dynamically balancing assignments based on what has happened to date. While useful in
achieving balance on known factors, these can also lead to critical imbalances on a variety of factors and
should be considered carefully before implementation. Simulation based on existing datasets may help
avoid situations where implementation of these procedures is actually harmful.

While there are numerous approaches, one central principle applicable across all adaptive
designs is the importance of extensive planning. Key considerations include: (i) Who will examine the
data? (ii) How will the decision to increase sample size be made? (iii) How will the decision to drop or
add a treatment arm be made, and who will make it? (iv) What are the statistical implications of
examining the data in terms of Type | error and power to make the correct decision? and (v) Once a
decision is made, what implications exist for: participants, investigators, the sponsor, Data and Safety
Monitoring Board (DSMB) (if applicable), and Institutional Review Boards (IRBs).

One prerequisite of adaptive designs is having all data entered and adjudicated; this
necessitates orchestration, and there are several caveats: (i) additional time and extra pressure on data
management for complete and accurate data; (ii) timing of analyses and the size of the interim sample
used to adjust the overall sample size; (iii) analyzing data too soon with too small a sample size can lead
to false positives, or to increasing the sample size when it wouldn’t otherwise be necessary; and (iv)
there is usually a cap on expansion of sample size for practical and financial reasons and therefore this is
not a panacea for lack of effectiveness.

Sequential, Multiple Assignment, Randomized Trial (SMART). Another design, the sequential,
multiple assignment, randomized trial (SMART), seeks to improve treatment paradigms for providers
and participants. SMART designs are special cases of adaptive designs appropriate for chronic conditions
where treatments work, but may require variation over time. SMART designs are often implemented in

mental health trials where treatments are switched over time. These designs generally re-randomize
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non-responders to alternative treatments and are appropriate when there is high heterogeneity in
treatment responses both within and among participants. These designs should focus on the most
important primary hypotheses, as powering a study for every potential pattern of treatment is
impractical. Outcomes are usually binary, indicating success or failure with the intervention; for example
the proportion successful after the first-line treatment. Subsequent patterns of treatment failures may
emerge and, while understanding them could be important, powering the trial for these subsequent
successes and failures would inevitably lead to excessively large sample sizes. Secondary questions
further develop the adaptive intervention and take advantage of sequential randomization to eliminate
confounding.
Multimodal Interventions

Often, two interventions are likely to be associated with positive benefits, and there is
sometimes value in combining them in clinical trials. For example, clinical trials of biologic and
pharmacologic interventions in spinal cord injury (SCI) often receive a great deal of media attention.
However, a systematic review of these interventions indicates the strongest evidence for efficacy in
multimodal interventions that include a physical rehabilitation component.® Conversely, combining
interventions sometimes results in outcomes that are less beneficial than interventions applied
independently. An example of deleterious interaction, from the SCl literature, is the interaction between
monosialic ganglioside and methylprednisolone. In the U.S., methylprednisolone was once the widely
accepted standard of care based on evidence that it reduced lesion volume. Pre-clinical studies
suggested that monosialic ganglioside could improve neurological recovery. However, one study
identified a negative interaction wherein monosialic ganglioside blocked the effect of
methylprednisolone.® Consequently, in human trials it was deemed necessary to delay administration of
monosialic ganglioside, possibly decreasing its value.” Generally, studies assessing multimodal

interventions are most useful when: (i) the effects of each intervention have been well-characterized in
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isolation; (ii) effects have been characterized in the study population of interest; (iii) there is theoretical
or mechanistic reason to believe there will be synergism and effects will be cumulative; and (iv) there is
no evidence for a negative interaction between interventions.

Control or Comparison Groups

The experimental rigor of testing a treatment in a clinical trial is strengthened by the inclusion of
a comparator. Depending on the design, this may either be a comparison group or a control group. A
comparison group to the experimental group, on the outcome of interest, is not selected randomly and
does not receive the intervention that is being investigated. In contrast, a control group is comprised of
individuals who could have been part of the experimental group, but through random assignment were
allocated to control. Whether a comparison group or truly randomized control group is applied must be
carefully considered in trial design; weighing the pros and cons of each. It is sometimes desirable and
appropriate to utilize a comparison group for practical or other reasons, but one must be aware of
potential biases that can be introduced if the comparison group is a “convenience sample” (e.g.,
participants who could not be randomized to intervention for practical reasons, such as driving distance
to the intervention facility).

Numerous factors may influence the outcome of interest, and accordingly it is important to
isolate the “active ingredient”— the component(s) of the intervention that is(are) thought to be directly
responsible for the effects on the outcome(s) of interest — so the true value of the intervention can be
discerned. This is why a control or comparison group that is not engaged in the study, other than for
testing sessions, is not acceptable, as this does not control for possible confounding effects of
interactions that may influence behavior, attitudes, perceptions, and outcomes. Even participant
expectations are known to influence outcomes including, (i) placebo effect, wherein outcomes arise

from subject beliefs about the treatment rather than the treatment itself; (ii) Hawthorne effect, wherein
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subjects alter their behavior as a consequence of being observed; and (iii) Pygmalion effect, wherein
subjects perform at the level that they believe others expect of them.

Study outcomes are most robust when the control or comparison group is actively engaged (i.e.
with a placebo intervention) to the same extent as the experimental group, with the only difference
between groups being the active ingredient under study. However, even when the active ingredient is
well-isolated, there may be factors that confound outcomes, for example: (i) Was the dose sufficient? (ii)
Did subjects attend all sessions? (iii) Were subjects immersed and engaged? (iv) Did subjects develop
skill? (v) Did subjects use or practice the new skill outside of the training sessions? Accordingly, defining
the control condition is among the most critical aspects of study design.

Alternatives to Typical Randomized Control Group. Alternatives to the typical RCT design
include delayed-intervention, crossover, run-in (or wash-in), and N of 1 randomized designs.® The major
distinction of these designs, from the randomized control, is that all subjects eventually receive the
experimental intervention. These alternatives can be particularly attractive in the advanced stages of
medical rehabilitation trials, when prohibiting a promising experimental treatment may be viewed by
some as unethical and/or a major road-block to recruitment. Delayed-intervention. Subjects are
randomly assigned to an immediate-intervention group or a delayed-intervention group. The delayed
group is tested at two or more timepoints prior to receiving the intervention. These test-retest
measures provide control data to which the outcomes of the immediate-intervention group can be
compared. As with the classic RCT, this design is strongest when the delayed-intervention group is
engaged in a placebo intervention. Some considerations are that enrollment may suffer if subjects are
unwilling to wait, and the delayed-intervention group may be at higher risk for dropout. Crossover. This
typically involves two periods with two interventions (active; placebo) although some designs have three
periods. The order in which the subjects participate in each period is randomized. This design can be

highly efficient as each subject serves as their own control, thereby accounting for inter-subject
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variability. The design is suited for studies of symptom control (e.g., pain), however it is not appropriate
for interventions that resolve the health condition. When there is a possibility of persistence of effects
(i.e. carryover), a washout period is required between intervention periods, and it can be difficult to
estimate the duration of the washout period needed to eliminate carryover effects. Whereas it is
possible to test for carryover effects, these tests are not powerful with small sample sizes. Run-in (wash-
in). Here all subjects participate in an initial period wherein they are engaged in a placebo intervention.
This design is particularly valuable for study populations that have been inactive, in whom any
intervention is likely to result in change. The run-in is useful for assessing stability of baseline measures,
or trends in change associated with a placebo intervention. The design is most effective when multiple
baseline measures are obtained in both the wash-in and experimental intervention periods.”'® N of 1
randomized. This is a type of single-subject design wherein there are repeated observations across time
in a single subject, with intervention effects being reversible upon withdrawal of the intervention.
Typically, there are different levels of one intervention (AB or ABA; the latter referred to as a “reversal
design”) with one outcome measure of interest; although there are variations on this approach. N of 1
studies typically have a baseline, intervention, and post-intervention period, each with at least two
observation/measurement timepoints.'* This form of the N of 1 study design is most robust when the
condition being addressed is chronic/stable, and when the effect of the intervention is rapid so that
optimal treatment duration is achieved within the study timeframe.'*> Another type of N of 1 design is
the multiple-baseline design,™ wherein measurements are observed at the individual subject level but
comparisons are made across multiple subjects. This approach represents a variation on the delayed-
intervention design, and the delay period is different across subjects. Treatment effects are indicated by
similar responses across subjects in the baseline (control) period, and in the intervention period. The
multiple baseline design is valuable when the intervention effects are not reversible, or in situations

wherein the intervention should not be withdrawn.
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Limitations of Typical RCTs

Typical RCTs are deployed widely and justifiably to assess intervention efficacy, but are not
without limitations. Cost / Efficiency. RCTs can be expensive and inefficient.* For example, the average
cost of taking a drug from bench to bedside was $500-800 million in 2007, with RCTs accounting for 60%
of the total cost. By 2013 average cost ballooned to $1.39 billion, with steady increases on the

horizon.™*®

High RCT costs make the US less competitive worldwide, and much of the cost burden finds
its way to consumers in the form of higher cost of therapy. Recruitment / Retention. Challenges of
recruitment/retention include: (i) stringent inclusion/exclusion criteria limiting populations; (ii) need for
participants to attend specialized research settings that ensure the collection of standardized data —
differing widely from real world environments'”'; (iii) difficulties in recruiting adequate numbers of
participants in a timely manner; and (iv) lack of broad clinician participation.** Generalizability. Typical
RCTs examine whether an intervention works under ideal circumstances, using strict protocols often
with placebo run-ins, in selected populations, with tightly controlled follow-up assessment, placebo, and
methods to encourage high adherence.”® Typical RCTs therefore have very high internal validity, but can

1920 gafety. While a premium is placed on the monitoring of safety (e.g.,

suffer from low generalizability.
adverse events (AEs)) in RCTs, adequate assessment of AEs can be influenced by small event numbers
and short follow-up duration, healthy-person bias, absence of important subgroups, use of surrogate
endpoints rather than clinical outcomes, and use of placebo control.
Pragmatic Clinical Trials

Some shortcomings of typical RCTs might be overcome by “pragmatic” clinical trials (PCTs),
sometimes called large “simple” trials.”* PCTs are randomized effectiveness trials that enroll large
numbers of participants, have simplified protocols, and measure participant-centered outcomes. These

trials investigate the effectiveness of approved interventions, and the FDA requirements for collection of

safety data are less strict resulting in less investigator burden and lowers trial costs.?? PCTs can use
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existing databases and platforms — e.g., administrative claims databases, electronic health record (EHR)
data, and PCORnet —that facilitate recruitment and outcome ascertainment, thereby further reducing
costs.

In contrast to RCTs which often examine intervention efficacy under ideal circumstances, PCTs
examine the value of an intervention compared with other existing interventions under usual clinical
circumstances (i.e. effectiveness). The distinction between PCTs and traditional RCTs is not a true
dichotomy. Trial design lies along a continuum across a number of different dimensions; thus it may be
useful during the design phase to leverage the PRagmatic-Explanatory Continuum Indicator Summary
(PRECIS).” The PRECIS tool yields a wheel or spider diagram to illustrate where a given trial design lies
on the pragmatic/explanatory continuum, based on weighing several key domains. A recent revision of
the original PRECIS, called PRECIS-2, weighs nine domains: eligibility, recruitment, setting, organization,
flexibility of intervention delivery, flexibility of adherence, follow-up, primary outcome, and primary
analysis.”*

There are certainly challenges and barriers to all trials along this continuum. In an effort to
identify and alleviate barriers to conducting PCTs, the perspectives of various stakeholders (potential
participants, physicians, researchers/study administrators, and policymakers) were collected on issues
such as site and participant recruitment, consent and randomizations, study follow-up, and outcomes
assessment.” Practice-based research networks emerged as a way to encourage more clinical practices
in the community to become involved as clinical trial sites. Informatics was also identified as critical for
improving efficiency, for example, deploying electronic informed consent or linking a participants’ trial
outcomes to their own health data to validate PCT findings.

Ultimately, the panel strongly encourages each investigative team to recognize their stage of
development and select a concordant study design that will most effectively address the primary

question; providing the field with key information that will enable advancement to the next phase.



255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

Rehabilitation Clinical Trial Guidelines

OUTCOME MEASURES FOR DIFFERENT PHASES OF TRANSLATION

The translational process in medical rehabilitation research rarely follows the phase |, phase Il,
and phase Ill trial sequence typical of drug-only testing. In rehabilitation research, the process may begin
with treatment ideas derived from other patient populations, clinical observations, and/or natural
history studies — or with the traditional generation of ideas based on studies in tissue or animal models —
with the ultimate goal of developing a treatment that is efficacious on a selected outcome measure.
However, there is not always one clearly defined outcome for all phases of translation. On the other
hand, at any given translational step, medical rehabilitation investigators should remain cognizant of the
International Classification of Functioning, Disability and Health (ICF) — established by the World Health
Organization (WHO) and endorsed by all WHO member states in 2001 — as the international standard for
describing and measuring health and disability.?®

Rehabilitation study designs and the sequence in which different interventions are explored may
differ substantially from the standard approaches in drug-only trials. For example, an early proof-of-
concept rehabilitation trial in TBI might need an untreated control group because of participant
variability and potential for natural recovery; behavioral treatments already in widespread clinical use
may be studied in earlier phases to understand their mechanisms; or trials of behavioral treatments may
require multiple iterations within “Phase II” since optimizing potency may not be guided by
straightforward physiologic factors. Exploratory studies that are not scaled-down versions of an efficacy
study are often very important, and they should explore key details that could derail a larger trial.
Investigators conducting Phase Il trials further need clear go/no go decision rules for a Phase Ill trial.

Clinical “effectiveness” in rehabilitation research depends not only on the efficacy of the
treatment, but on the participant’s constellation of impairments and abilities. Two classes of theory are
relevant to rehabilitation research translation, as it grapples with the complexity of restoring

functioning: Treatment theory — A class of theories that postulate how a therapy’s active ingredients
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impact a specific aspect of functioning, via a mechanism of action;”’*° Enablement theory — Theories

that postulate the distal or “downstream” functional changes that will result from change in a specific
aspect of functioning, depending on the pattern of coexisting deficits and strengths.?*>°

In many rehabilitation treatments, the mechanism of action is not precisely known and this
renders treatment theory difficult to apply initially. As a result, some early studies might need to use
multiple outcome measures to determine the changes produced by the active ingredients. Once the
treatment theory is able to define the specific functional change that will result directly from the
treatment, early proof-of-concept studies should use outcome measures of this target function that can
be linked back to mechanism(s). Later phases of research that seek to explore the more macro impact of
the treatment on downstream function may select larger or more distal measures of treatment
outcome. But no matter how potent the treatment of interest, it will be predicted to have important
downstream effects only if: (i) it is given to participants whose downstream deficits are solely or
predominantly due to a deficit in the treated function; (ii) it is combined with treatments for other
functional areas that also contribute to the downstream functional deficits; or (iii) a different treatment
is selected that more directly targets the downstream entity (e.g., an assistive device rather than
exercises and training contributing to improved walking; or a supported work program, rather than
seeking to improve cognitive, motor, and behavioral skills contributing to employment). The challenge is
to know when the question of interest can be best addressed by treatment theory vs. enablement
theory. The panel recommends the investigative team give this due consideration in the earliest stages
of trial design.
INTER-INDIVIDUAL RESPONSE HETEROGENEITY

The goal of any intervention trial is to induce favorable changes in participants — e.g.,
physiological adaptations, attenuated pathophysiology, improved symptom management — that result in

meaningful health benefits and/or functional improvements. The success or failure of a trial is therefore
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based on whether changes in the group mean of a primary outcome are statistically and clinically
significant (and different from control). However, no intervention impacts all participants equally, and
the inter-individual response heterogeneity can be informative. The traditional approach of focusing on
group means fails to recognize the value in exploring the range of low to high responders. This often
overlooked variance can reveal important predictors of differential responsiveness, lead to
improvements in intervention design, and facilitate development of precision rehabilitation strategies.
For example, the Bamman group leveraged inter-individual response heterogeneity during trials of
exercise rehabilitation to reverse muscle atrophy and compromised neuromuscular function in older
adults to: (i) identify cellular and molecular indices of responsiveness®*; (ii) conduct a follow-up dose-
response trial aimed to optimize the intervention prescription by minimizing the poor responder rate®;
and (iii) leverage this optimal intervention prescription — and the underlying potential mechanisms
inhibiting responsiveness — in a subsequent double-blind, placebo-controlled, exercise-drug interaction
trial with the goal of further minimizing poor responder rate®.
Input Factors

Numerous modifiable (e.g., comorbidities, functional capacity, diet, medications, physical
activity, sleep) or non-modifiable (e.g., age, gender, genotype, race/ethnicity, disease stage) factors can
influence response heterogeneity. For example, it is well-recognized that aging influences intervention
efficacy in a number of domains and, regarding pediatric medical rehabilitation approaches, there are
obvious biological and practical reasons that limit translatability of an intervention tested only in adults.
And for medical rehabilitation trials, there may be additional influential input factors to consider in
specific populations: (i) Traumatic injury (e.g., SCl, TBI, stroke, fracture) such as site of injury and
diagnosis, and duration of time since acute injury. For example, remarkable response heterogeneity was
noted recently in a stroke rehabilitation trial that was in part explained by the time elapsed between

each particiant’s stroke event and the onset of the tested rehabilitation intervention.*® (ii) Chronic
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disease such as stage and duration of disease. For example, feasibility of, and individual responsiveness
to, a rehabilitation intervention in Parkinson’s disease may be dramatically influenced by Hoen and Yahr
disease stage (1-5) of each participant, which is the impetus for investigators tightening inclusion criteria

3940 _(iii) Post-surgical rehabilitation such as mode of surgery and structures

based on disease stage
affected. As an example, some orthopaedists perform total hip arthroplasty via an anterior surgical
approach, while others take a posterior approach; the specific skeletal muscles and other support
structures affected are entirely different, and may influence both rehabilitation strategy and
responsiveness.
Rolling Factors

Several ongoing factors during a trial can substantially affect individual responsiveness, ranging
from: (i) Dynamic changes in molecular profiles (e.g., transcriptome, epigenome, proteome,
metabolome) through (ii) Behaviors (e.g., adherence/compliance to the treatment, or changes in
behaviors external to the treatment such as free-living physical activity, diet, medications, etc.).
Individual differences in molecular responses can be quite informative, and may help “personalize”
treatments, whereas individual differences in behaviors can introduce significant layers of complexity,
particularly in intent-to-treat designs, where variability in these behaviors may be wide-ranging.
Design and Analysis Considerations

Investigators are encouraged to embrace the inescapability of inter-individual response
heterogeneity by: (i) considering its potential impact in trial design; (ii) maximizing data yield to better
understand it; (iii) minimizing extraneous influential factors where appropriate; and (iv) controlling or
monitoring behaviors and other influential factors during the trial to the degree possible. The latter
requires a fine balance — and essential decision-making — in the trial design stage between treatment

fidelity (e.g., efficacy) and real-world translatability (i.e. pragmatism). There are several statistical

approaches one can apply to understand response heterogeneity (e.g., posthoc K-means cluster analysis
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of a primary outcome with subsequent cluster comparisons of possible influential factors>"*

). A priori
stratification or posthoc covariate analysis can be leveraged for likely input factors; however, there are
risks in over-using both approaches, including reduced statistical power and the potential erroneous
assumption that a given input factor influences all participants in each “bin” fairly equally. Regardless of
the approach, modeling and exploring inter-individual response heterogeneity can substantially increase
the innovation and impact of any rehabilitation trial, along with yielding invaluable data and resources

that can be shared to advance the science of precision rehabilitation (e.g., NICHD Data and Specimen

Hub https://dash.nichd.nih.gov/ as a centralized resource where researchers can store and access de-

identified data from NICHD-funded research studies for secondary research).
OPTIMIZING RECRUITMENT AND RETENTION

While identifying and developing an optimal trial design is the important first step, the trial’s
success and potential impact ultimately hinge on participant recruitment and retention, which have
proven to be among the greatest challenges in conducting successful clinical trials, and are therefore
under intensified scrutiny by modern trial sponsors and monitoring boards. Recognizing key challenges
up-front is essential, in order to proactively adopt strategies for success.
Barriers

Successful recruitment of participants is one of the most challenging aspects of conducting

143 and there are several known barriers. Sociocultural issues. Health beliefs and life

clinical trials
priorities, socioeconomic status, and level of fear or mistrust of research are the most cited barriers to
participation, especially among minorities.*” Referral healthcare providers. Providers often serve as the

gate keepers of potential participants***

and may fear: (i) loss of control over what happens if patients
participate in a trial; (ii) the legal liability of referring patients to a study that might harm them; (iii) the

uncertainty about how to explain a clinical trial to a potential participant; or (iv) lack of information

about participant progress during a trial. Study design.*"*> Complex consent forms, participant concerns
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about being in a control group, and the time and complexity required for participation are all potential
barriers. The costs of rehabilitation in RCTs may limit sample size, and/or require strict inclusion and
exclusion criteria to increase control. Therefore, Investigators must be aware that more homogeneous
samples can lead to less generalizable results; although in some cases (e.g. early, exploratory trials),
maximizing homogeneity may be warranted. Communication. 90% of participants desire to know trial
results, but only 7% receive that information.* This lack of communication reflects poorly on the
research enterprise, and may persuade participants not to enroll in another trial or discourage others.
Strategies

Investigators often focus on recruitment, but overlook strategies to maximize retention.
Investigators can prevent some loss-to-follow up by using appropriate exclusion criteria, but maintaining
participation during the trial requires resources (e.g., non-monetary incentives, assistance with
transportation or child care)®. Staff must attempt to recover participants who miss appointments
through case management and an open door policy to encourage return.

Navigators. An innovative approach for enhancing recruitment and retention is the use of
navigators. Navigators could assist under-resourced and minority participants who are reluctant to
enroll by addressing barriers to enrollment such as fear and mistrust. Navigators can be effective in
enhancing retention by providing essential social support*®. For example, in oncology therapeutic trials,
minority enrollment and retention rates are higher among participants who receive navigator support.”’

In summary, recruitment and retention should be approached in a scientific fashion leveraging
evidence-based design, methodology, regulations and ethical principles. Importantly,
recruitment/retention efforts should not introduce bias into the study. This concern is reduced by a
well-designed recruitment and retention plan developed with rigor equal to the design of the clinical

trial.
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SUSTAINABILITY

One of the primary goals of rehabilitation research is the development, design, and delivery of
interventions that have lasting effects and placement (i.e., sustainability); this is a key premise
underlying effectiveness. Sustainability involves the maintenance or durability of intervention effects
and programs over time. For example, one may study sustainability of changes in a behavior (e.g., diet)
and the durability of its consequences (e.g., blood glucose regulation) over a prolonged time period,
particularly after the formal cessation of an intervention. One might further test maintenance and
durability of an intervention program itself upon cessation of a focal research study (e.g., community-
based exercise rehabilitation program).

Sustainability of Intervention Effects (on an Individual Basis). There are many considerations
when designing interventions that target sustainability. For example, one would not expect that
outcomes of behavior change would be maintained, if the behavior change itself were not maintained.
This requires behavioral interventions wherein participants acquire the skills and techniques necessary
for sustained behavior change over time. Such behavioral interventions often are based on theory (e.g.,
Social Cognitive Theory (SCT)* or Theory of Planned Behavior*’), and integrate educational models and
principles for teaching persons self-regulatory skills for action regulation that align with assumptions and
principles of theory.”® For example, based on SCT, one might develop modules around self-monitoring
and goal setting. For intervention effects to be stable and durable, the interventions must be initiated
with sustainable behavior change in mind. Such designs capture formative information on strengths and
weaknesses of study design, including the intervention itself, from the perspectives of the participant
and research team, and are critical for refining and improving Phase Il through Phase IV trials.
Sustainable intervention effects on behaviors and outcomes must further leverage the input and

expertise of behavioral medicine. Motl and colleagues recently published on the design and evaluation
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of a feasibility study involving an exercise-training intervention based on SCT that integrates expertise in
behavioral medicine for long-term change in multiple sclerosis.*"*

Sustainability of an Intervention Program. The other aspect of sustainability involves the
durability of an intervention program after cessation of a research study. This involves identifying the
challenges and adopting the strategies for moving from Phase | through Phase IV trials. One central
feature involves the integration of clinical and community partners (e.g., health systems; community
facilities) in the initial development, design, and delivery of the intervention; this is key for lasting
placement of the intervention within the proper clinical and community context. Other important
aspects for maximizing durability involve incorporation of participant options and leveraging
payment/reimbursement plans from payers. One example of an evidence based rehabilitative exercise
program that adopted this approach is the Strength After Breast Cancer program.> This physical
therapy-based intervention is translated from the community-based Physical Activity and Lymphedema
Trial.>**® The program itself is now covered by third party payers, and training to prepare physical

therapists for program delivery is commercially available

(http://klosetraining.com/course/online/strength-abc/). Overall, the panel encourages investigative

teams to consider strategies for studying and promoting long-term sustainability — for both the
individual and overall program itself —in order to maximize the ultimate impact of any given clinical trial
or series of trials across the stages of development.
LEVERAGING ADVANCES IN TECHNOLOGY

Emerging technologies may be utilized in rehabilitation clinical trials as interventions to be
evaluated or as facilitators of clinical trials. Advances in the basic sciences and engineering have led to
tremendous technological innovations directed at ameliorating the health and disability burden of
persons with musculoskeletal and neurological conditions. However, the benefits of these technologies

at the level of activities and participation are far from clear. Moreover, new advanced technologies can
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be costly and without a clear societal benefit over usual care. The emergence of population health and
global risk models present both opportunities and challenges. Comparative effectiveness and pragmatic
trials of new technologies relative to usual care are encouraged. Such technologies may translate to
outcomes comparable or superior to usual care, but avoid the need for costly healthcare infrastructure
and personnel. Such trials should take into account the full burden of societal cost rather than just the
cost of the technology. Nevertheless, because the changing healthcare landscape places such a high
premium on cost containment, the escalating cost of technology based interventions for a relatively
small population is a serious threat to leveraging advanced technologies in rehabilitation clinical trials.
Advances in monitoring, communications and sensor technology are poised to have significant
impact on the conduct of rehabilitation trials by reducing costs, improving treatment fidelity and
facilitating effectiveness trials that measure high-level outcomes. Costs may be reduced through the
implementation of electronic data collection systems that collect data faster and without the need for
research staff intervention and travel. At the same time, accuracy and adherence are likely to improve
because these electronic systems are less intrusive and can implement quality safeguards. Perhaps the
most interesting and promising benefits of integrating technology into rehabilitation trials concern the
types of outcomes that might be measured and the advanced trial designs that may be implemented.
These technologies may allow us to evaluate clinical outcomes at the level of capacity, performance and
participation. Or, a trial could be designed so that the intervention is responsive to the participant’s
performance and context for ecological momentary assessments. Still, caution should be exercised in
using new technology. Study procedures should be carefully designed and beta tested, and sensors and

systems need to be validated prior to their implementation.

SUMMARY
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With continual advancement in medical and surgical care extending long-term survival, the
medical rehabilitation field finds itself in a unique and challenging position of advancing interventions to
extend healthspan for both chronic and traumatic disease. This mission requires rigorous clinical trials
that are sufficiently innovative to exert a meaningful, long-term impact on the field by yielding effective
and translatable models and approaches to patient care. The 2016 NCMRR / REACT workshop and this
accompanying summary are intended to provide some guidance to researchers seeking to help achieve
the mission — from design considerations, to day-to-day rigor in trial operations, to innovations.

Together it is our goal to maximize the impact of future trials in medical rehabilitation.
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SUMMARY

The purpose of this appendix is to summarize key recommendations for day-to-day trial
conduct, with the ultimate goal of maximizing trial rigor and impact. Investigators are encouraged to
consider these recommendations when: (i) identifying key staff (coordinator, interventionists,
assessors); (ii) establishing operating procedures and the optimal plan for data and safety monitoring;
(iii) demonstrating compliance with NIH requirements for rigor, reproducibility, and transparency; and
(iv), in the case of multi-site trials, standardizing human participant protections and oversight via a
shared IRB.
KEY STAFF AND OPERATING PROCEDURES
Key Staff

Coordinators. Clinical Research Coordinators (CRCs) are trained research professionals working
under the leadership of the Principal Investigator (Pl). They are responsible for the ethical conduct of
clinical trials using Good Clinical Practices (GCPs) and International Council on Harmonization (ICH)
Guidelines." The primary responsibility is the protection of human subjects. CRCs may be responsible for
subject recruitment and retention, as well as maintaining regulatory files, writing informed consents,
managing IRB submissions, negotiating and preparing budgets/contracts, creating case report forms
(CRFs), reporting AEs, coordinating monitoring activities and study close-out.” Qualifications of a CRC
should include GCPs, ICH guidelines, Human Subjects, Research Integrity, and Sponsor Training. Due to
the ongoing flux of regulations and guidelines, CRCs should obtain clinical research certification that
requires continued education to maintain certification.?

Outcomes Assessor(s). An outcome assessor is responsible for the administration of reliable and
accurate outcome assessments according to protocol as described in the Manual of Procedures (MOP).
Optimally, the same assessor should administer assessments per scheduled time point for any given

participant. Coordination between the CRC and assessor is important for trial efficiency (e.g., scheduling,
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tracking). Assessors who work on a FFS (fee for service) basis for which payment is linked to delivery of
data (e.g., CRF) is optimal for data completeness and budgeting purposes. Investigators should include
the direct cost for pre-enrollment training and standardization of assessors in the budget, especially if
adopting a FFS payment plan. Standardization across multiple assessors. An important part of quality
control is a rigorous standardization procedure for test/evaluation administration. Prior to assessment
of an enrolled participant, assessors should submit material (e.g., written CRF, knowledge test,
visual/video) that provides evidence of didactic knowledge and correct administration (e.g., 90%
criterion) of all primary and in some cases secondary outcomes. This should be staged with pilot
participants who meet the same (or similar) inclusion criteria as those targeted for the trial. Constructive
feedback and status (i.e., meets/does not meet 90% criteria) should be provided by the clinical research
team/administrator in a timely manner. Only those having met standardization criteria with
demonstrated competence should be eligible to administer outcome tests. Re-standardization should be
performed more frequently in the beginning (e.g., monthly) and at least every 6 months thereafter to
maintain consistency. New assessors who join the team after trial initiation must provide the same level
of evidence of competency before being eligible to serve as outcome assessors.

Interventionists. Rigorous standardization of intervention administration is important for
quality control. Qualifications for interventionists should be specified in accord with the specific skills
needed to carry out the intervention. For example, is board or specialty certification required? How
much experience is required? Qualifications should align with the nature of the clinical trial design (e.g.,
efficacy vs effectiveness). Efficacy trials (research staff) vs. effectiveness trials (clinic staff). Who should
deliver the intervention? If efficacy is the goal (i.e. does this work under optimal, controlled conditions
with expert, trained and standardized clinicians), research staff should deliver the intervention. If
effectiveness is the goal (i.e. does this work in the actual clinical environment with all the

noise/variability in expertise, scheduling, etc.), clinical staff should deliver the intervention.”
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Operating Procedures

Masking or Blinding. For single and double-blind trials, steps should be taken to assure that
assessors are masked to group assignment. The CRC should keep the randomization secure so
assignments are not known to the assessor. Every effort should be made to ensure the evaluations and
interventions are conducted in different locations to help prevent accidental unblinding. The purpose of
blinding the assessor is explained to the participant verbally and in writing. The CRC will be responsible
to remind the participant and family members to help keep the assessor blinded before each encounter.
Hiring assessors as independent contractors, without affiliation with the recruitment site, can be an
effective strategy. There should be a mechanism for documenting and tracking unblinding which might
occur during an evaluation session.

Rigorous treatment fidelity assessment. Both participants and investigators play key roles in
determining treatment fidelity. Participant adherence. Adherence to treatment is often studied on the
side of the participant and in recent years there have been many attempts to involve participants at all
levels to maximize the success of rehabilitation.> Participant adherence must be rigorously monitored
and tested throughout all stages of implementation. Researcher/clinician fidelity (to prevent drift). In
addition to participant adherence, it is essential that investigators establish and monitor adherence to
key components of interventions by those delivering interventions (i.e., fidelity for treatment). Cost-
efficient methods to document treatment fidelity should be established, including built-in warnings
when deviation from the original model could potentially render the intervention ineffective (or
iatrogenic). To the extent that rigorous clinical trials are required to include methods for monitoring
intervention delivery, these methods should be published as part of the trial’s protocol so they can be
used in real-world rehabilitation settings. Carefully constructed exit interview/surveys or valid and
reliable instruments (e.g., Health Care Climate Questionnaire) can be used with participants and/or

clinicians to confirm intended effects of the intervention.®’
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Standard Operating Procedures (SOPs). The ICH defines a SOP as “Detailed, written instructions
to achieve uniformity of the performance of a specific function.” (ICH GCP 1.55). Each SOP details how a
specific test, measure, or function is to be performed, and can be applied to any research study. The
Manual of Procedures (MOP), on the other hand, is specifically written for a particular study which
incorporates elements of SOPs. The MOP is a dynamic document updated throughout the study to
record/track the impact of protocol amendments on the study procedures, and to document refinement
of procedures; with each new update previous versions should be archived. A typical table of contents
includes the following: Protocol, Staff Roster, Study Organization and Responsibilities, Training Plan,
Communication Plan, Recruitment Plan, Study Flow, Screening and Eligibility Criteria, Informed Consent
and HIPAA, Randomization, Study Intervention, Blinding and Unblinding, Participant Retention,
Concomitant Medications/ Treatments, Safety Reporting, Data and Safety Monitoring, Study
Compliance, Data Collection and Study Forms, Data Management, Quality Control Procedures, Study
Completion and Closeout Procedures, Policies, and MOP Maintenance. For multi-site coordination, the
administrative core/data management center is usually responsible for setting up a centralized secure
website where the MOP can be accessed, updates posted, and alerts issued.
DATA AND SAFETY MONITORING

Quality by design can optimize the veracity and completeness of data collected during a trial.
First principles include: collecting only the data needed to answer the research objectives and protect
human subjects; defining standards for the intervention and outcome measures in a MOP; using
standardized data elements when available; providing detailed instructions for completing forms and
submitting data; monitoring data quality; and training staff on procedures and protocol implementation.
Increasing standardization across studies helps move the field forward and facilitates the important goal

of making trials data public and easy to share.
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Data Collection. Data collection systems range from paper source to electronic source. Research
data captured from electronic health records can facilitate efficiency with the caveat that these data
may be collected for purposes, such as billing, that may be inconsistent with those of a research study.
A system that keeps research data entry closest to the source of data acquisition and can be evaluated
for quality in real-time is preferred; although institution or sponsor-specific security and privacy policies
are important considerations.

Data Quality. Data quality and research execution monitoring can include performing on-site
monitoring to assess the rigor of the informed consent process, execution of testing, evaluation of
treatment fidelity (a substantial threat to study validity in rehabilitation trials), and verification of
research data against source data. Monitoring can be used to flag issues of low enrollment, retention,
incomplete data, or distributions inconsistent with expected data. Evaluations should include data
consistency checks at data field, form, and cross form levels. Monitoring and assessment of data quality
should be conducted by senior members of the research team on a frequent, regular basis, and by an
experienced, independent auditor at least semi-annually. Local and/or sponsor requirements may differ
and clearly take precedence.

Data and Safety Monitoring (DSM). Trials need a DSM plan (DSMP) in place prior to study
initiation. The complexity of the plan can range from the PI reviewing accumulating safety events to
convening an independent DSM Board (DSMB) to review the accumulating data and advise the sponsor
whether or not the study should continue as designed or terminate early due to futility, benefit, or
safety. The NIH and other funding agencies require that the plan specify the: information to be
monitored, frequency of monitoring, interim analysis plans, early termination guidelines, and processes
for monitoring and reporting adverse events and unanticipated problems. For all Phase Ill and for multi-
site and/or high risk Phase | or Il trials, a full, independent DSMB is required. Board members may

include clinician(s), a biostatistician, basic scientist and a participant advocate or medical ethicist. For
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small, lower-risk trials, the Pl or a DSM Committee composed of investigators may be sufficient.
Recommendations related to DSM are as follows: (i) Pls and staff new to clinical trials should seek
consultation from those with clinical trial expertise when constructing a plan and should capitalize on
the availability of standing DSM Committees; (ii) Investigators should identify potential important
adverse events in advance, systematically query for and collect these events on data forms, and
routinely query for all adverse events at appropriate times over the course of the study. If participants
are not asked about potential events, the events may go unreported; (iii) DSMB members must fully
disclose all potential conflicts of interest; (iv) DSMBs should review accumulating data unmasked so as
to appropriately balance benefit versus harm throughout the study; (v) The DSMB has a responsibility to
document and report to local IRBs, the occurrence of a meeting, the attendees, and high level decisions
regarding safety and trial continuation; and (vi) DSMBs serve in an advisory capacity to the Sponsor.

In medical rehabilitation, it is important to recognize that clinical trials often enroll participants
with substantially compromised function coupled with heightened risk of comorbidities and other
complications (e.g., SCI, stroke, neurodegenerative diseases, progressive musculoskeletal disorders). It
may therefore be prudent to enlist an experienced DSMB even in small, early phase studies for which a
DSMB is not required by the Sponsor.

RIGOR, REPRODUCIBILITY, AND TRANSPARENCY (R2T)

In 2014, NIH announced plans to support greater rigor, reproducibility, and transparency (R2T)
in biomedical research.® New requirements for extramural research proposals were introduced, asking
applicants to describe the premise, robust and unbiased approaches, identification of biological
variables, and authentication of key biological or chemical resources. While R2T experimental design
may be second nature to experienced RCT investigators, specific details (e.g., sample size estimation,
randomization, blinding, participant recruitment and retention, etc) may be overlooked or under-

appreciated by junior investigators and are therefore incorporated into many training programs. Other
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R2T initiatives by the NIH included the development of training modules on good experimental design,
guidance and resources for grant proposal reviewers, a big data initiative (the Data Discovery Index) for
handling unpublished, primary data, and additional functionality in PubMed Commons to allow open
discourse about published articles.

SHARED INSTITUTIONAL REVIEW BOARDS FOR MULTI-SITE TRIALS

A common obstacle faced by multi-site clinical trials is the need for multiple IRBs across the
participating sites. One way to overcome this barrier is the use of a shared IRB, which can help
streamline the IRB review process thereby improving efficiency and consistency. A shared IRB is
different from a central IRB in that the latter provides review for multiple studies conducted by a
consortium or network of institutions, whereas a shared IRB provides review for a single multi-site
study. In 2015, the DHHS Notice of Proposed Rulemaking to revise the Common Rule on the Protection
of Human Subjects mandated that all U.S. institutions engaged in multi-site research must have a single
(shared) IRB in place.’ This rule went into effect on May 25, 2017. The shared IRB comes with some clear
practical challenges, including the need to coordinate the efforts of multiple institutions to develop
reliance agreements, delineate institution-specific versus shared IRB responsibilities, standardize policies
and procedures, accommodate variations in state laws, and develop a communication and cost-sharing
plan.

To help facilitate the use of shared IRB review the National Center for Advancing Translational
Sciences (NCATS) developed a shared IRB platform, called the Streamlined, Multisite, Accelerated
Resources for Trials (SMART) IRB.'® SMART IRB has been designed to ease common challenges and
burdens associated with initiating multisite research. This includes the development of SOPs and
informatics support, and master reliance agreements, all of which are currently underway. To help
ensure and encourage research collaboration and harmonization of review, NCATS has developed a set

of minimal requirements for authorization of institutional participation in the SMART IRB program,
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including being a federal-wide assurance (FWA) or IRB registration institution, and having the ability to
meet Human Research Protection Program standards and the capacity to follow standard operation

procedures in support of the IRB reliance agreement.
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