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for the Obesity Related Behavioral Intervention Trials (ORBIT) Consortium?

Abstract

Objective—Given the critical role of behavior in preventing and treating chronic diseases, it is
important to accelerate the development of behavioral treatments that can improve chronic disease
prevention and outcomes. Findings from basic behavioral and social science research hold great
promise for addressing behaviorally-based clinical health problems, yet there is currently no
established pathway for translating fundamental behavioral science discoveries into health-related
treatments ready for Phase I11 efficacy testing. This article provides a systematic framework for
guiding efforts to translate basic behavioral science findings into behavioral treatments for
preventing and treating chronic illness.

Methods—The ORBIT model for behavioral treatment development is described as involving a
flexible and progressive process, pre-specified clinically significant milestones for forward
movement, and return to earlier stages for refinement and optimization.

Results—This article presents the background and rationale for the ORBIT model, a summary of
key questions for each phase, a selection of study designs and methodologies well-suited to
answering these questions, and pre-specified milestones for forward or backward movement
across phases.

Conclusions—The ORBIT model provides a progressive, clinically-relevant approach to
increasing the number of evidence-based behavioral treatments available to prevent and treat
chronic diseases.

Keywords

Health behavior; Behavioral intervention development; Translation of basic behavioral research
into behavioral treatments; Behavioral study designs and methods; Prevention and management of
chronic disease

INTRODUCTION

It is widely acknowledged that behavior plays a central role in the prevention and
management of chronic disease. An estimated 40% of premature deaths are attributable to
preventable behavioral factors such as smoking, unhealthy dietary intake, and sedentary
lifestyle (Mokdad, Marks, Stroup, & Gerberding, 2004; Schroeder, 2007), all of which have
been linked to major chronic illnesses such as cardiovascular disease, cancer, and diabetes
(Chakravarty, Hubert, Krishnan, Bruce, Lingala & Fries, 2012; Yoon, Bastian, Anderson,
Collins & Jaffe, 2014). Unhealthy lifestyles adversely affect health and well-being and
increase the cost of health care, an increasingly important consideration given the aging of
the U.S. population. Chronic diseases currently account for 85% of health care spending
(Anderson, 2010), and the number of Americans who have at least one chronic disease is
expected to rise from 145 million in 2009 to 157 million by 2020 (Anderson, 2010).

Engaging in health-promoting behaviors can reduce or delay the onset of chronic disease
and disability (Paganini-Hill, Kawas & Corrada, 2011). Interventions that encourage healthy
lifestyle behaviors, grounded in fundamental behavioral research and developed
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incrementally over time, have proven highly effective in reducing weight, blood pressure,
cholesterol levels, and incidence of diabetes, among other clinically important outcomes
(Appel, Clark, Yeh, Wang, Coughlin, Daumit, Miller, Dalcin et al., 2011; Appel,
Champagne, Harsha, Cooper, Obarzanek, Elmer, Stevens, Vollmer, et al., 2003; Epstein,
Paluch, Roemmich & Beecher, 2007; Knowler, Barrett-Connor, Fowler, Hamman, Lachin,
Walker, Nathan, Diabetes Prevention Program Research Group, 2002; Wadden, Volger,
Sarwer, Vetter, Tsai, Berkowitz, Kumanyika, Schmitz et al., 2011). Given the potential for
evidence-based behavioral treatments to address many of the costly health problems facing
an aging population, accelerating their development and optimization is a public health
priority.

Trandation | research in which “bench” findings are applied to the “bedside” is uncommon
in the behavioral arena. Advances in understanding fundamental human processes such as
motivation, emotion, cognition, self-regulation, decision-making, stress, and social networks
are not being optimally applied to pressing behavioral health problems. Promising
behavioral treatments “in the pipeline” are often abandoned, rather than refined, if they fail
early tests. In some cases, treatments that achieve success in early studies are not pushed
toward rigorous testing in Phase I11 efficacy trials, while others are tested in Phase I11 trials
prematurely, without undergoing adequate development and refinement in early-phase
studies. This contrasts with the biomedical arena which benefits from industry support for
early translational research and has a well-defined process for developing a new drug or
device, starting with basic science research and progressing to the FDA-required Phase I11
efficacy trial.

In light of the importance of behavioral treatment development, the National Institutes of
Health Office of Behavioral and Social Sciences Research (OBSSR), in collaboration with
the National Heart, Lung, and Blood Institute (NHLBI), the National Cancer Institute (NCI),
the National Institute of Diabetes, Digestive and Kidney Diseases (NIDDK), the Eunice
Kennedy Shriver National Institute of Child Health and Human Development (NICHD), and
investigators from the Obesity-Related Behavioral Intervention Trials (ORBIT) consortium
organized a cross-disciplinary conference of experts in fields related to the development and
early testing of behavioral health-related treatments. An important goal of this conference
was to propose guidelines for developing behavioral treatments to prevent or manage
chronic diseases, proceeding from the identification of innovative approaches to solving
important clinical problems based on basic behavioral science theory and research, to the
design and preliminary testing of promising treatments, through readiness to conduct a
Phase Il efficacy trial. Conference participants included members of the ORBIT
consortium, all of whom are currently developing obesity treatments, NIH Program Officers,
and experts in the discoveries, designs, methodologies, and infrastructures needed to
develop and test innovative, health-related behavioral treatments (conference information
can be found at http://www.nihorbit.org/ORBIT%20Content/Workshops%20and
%20Conferences.aspx?PageView=Shared).

This paper presents the ORBIT model for developing behavioral treatments to prevent
and/or manage chronic disease. The model was informed by the process of drug
development and by previous efforts to define the behavioral treatment development
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process. It reflects a comprehensive synthesis of the recommendations made by Workshop
participants as further refined by NIH collaborators and ORBIT consortium members.

THE ORBIT MODEL FOR BEHAVIORAL TREATMENT DEVELOPMENT

The Process of Drug Development

The development of a new drug is guided by regulatory requirements and typically
sponsored by Industry (Friedman, Furburg, & DeMets, 1998; Lipsky & Sharp, 2001). It
begins with preclinical basic science studies in animal or in vitro models to understand the
disease process. Phase | and Il studies turn to humans and focus on small numbers of
highly-selected subjects. Phase | “dose-finding” studies determine the maximally tolerated
dose of a candidate drug, while Phase I studies determine the impact of this maximally
tolerated dose on significant biologic activity. If the drug has minimal biologic impact, it is
re-examined in Phase | and/or preclinical studies or abandoned. If the drug has the expected
impact, a pilot study is often conducted to determine the feasibility and acceptability of a
trial protocol in preparation for the Phase 111 efficacy trial, where the drug’s impact on
clinically meaningful endpoints such as disease onset, progression and mortality is evaluated
(Friedman, Furburg, & DeMets, 1998; Lipsky & Sharp, 2001). Demonstration of benefit of
the drug on clinically significant outcomes in Phase I11 efficacy trials is key to Food and
Drug Administration (FDA) approval and introduction of the drug into the commercial
market.

Previous Efforts to Define a Process for Behavioral Intervention Development

Since the development of behavioral treatments that target physical health outcomes has not
been regulated by any governmental agency, it has not been guided by any widely
recognized and agreed-upon process. A number of prior efforts describing behavioral
treatment development include: Green’s (1974) PRECEDE/PROCEED maodel for health
program planning; Greenwald & Cullen’s (1985) 5-phase cancer control model; Flay’s 8-
stage health promotion model; the National Institute of Drug Abuse’s (NIDA) Stage Model
(Carroll & Onken, 2005; Rounsaville, Carroll, & Onken, 2001); the EVOLVE mixed-
methods model (Peterson, Czajkowski, Charlson, Link, Wells, I1sen, Mancuso, Allegrante, et
al., 2013); the Medical Research Council’s framework for complex interventions (Craig,
Dieppe, Macintyre, Michie, Nazareth, & Petticrew, 2008; Craig, Dieppe, Macintyre, Michie,
Nazareth, & Petticrew, www.mrc.ac.uk/complexinterventionsguidance, 2008); and
Intervention Mapping (Bartholomew, Parcel, Kok, Gottlieb & Fernandez, 2011).

The ORBIT model, first introduced in several recent NIH initiatives (National Heart, Lung,
and Blood Institute, 2008; Office of Behavioral and Social Sciences Research, 2010), differs
from many of these earlier approaches in several ways. First, it focuses exclusively on the
early, pre-efficacy phases of behavioral treatment development. This makes it possible to
integrate the ORBIT framework with those frameworks that outline steps beyond the pre-
efficacy phase (e.g., as NIDA’s Stage Model, the MRC model or Intervention Mapping).
Second, it was developed for use with a broad array of chronic diseases, unlike some of the
earlier models which were developed for specific disorders such as cancer, drug abuse or
mental illness. Third, it intentionally uses terminology from the drug development model to
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enhance comprehension by medical gatekeepers who most commonly manage chronic
diseases with drug therapy.

Overview—Figure 1 presents the ORBIT model. Critical features include a flexible and
iterative progressive process, pre-specified clinically significant milestones for forward
movement, and return to an earlier phase for refinement in the event of suboptimal results.
Although its primary focus is on pre-efficacy development and testing, later phases of
research are included to show that optimization of treatments can occur even for those that
have reached the efficacy or effectiveness stage. Table 1 presents a summary of key
questions of relevance for each phase, a selection of designs and methodologies that are
well-suited to answering these questions, and pre-specified milestones for forward or
backward movement across phases.

Identification of a Significant Clinical Question—Coller (2008) has observed that
one of the key skills necessary for a successful translational effort is the ability to articulate
a health need or clinical question requiring a solution “with the precision of a basic science
hypothesis.” Thus, the process of behavioral treatment development is informed by the
identification of a clinical question or problem for which a behavioral treatment could
provide a solution. For example, the clinical problem could be that there is no current
treatment for a specific condition, a current treatment is not potent or durable enough to
change an important clinical outcome, a current treatment is effective but adherence to it is
poor, or it produces too many side effects for routine use in clinical practice.

The hypothesis that change in a behavioral risk factor could solve a clinical problem is one
of the entry points for behavioral treatment development (depicted in Figure 1 by the arrow
going from “Significant Clinical Question” to Phase | studies). The initial explicit
identification of the clinical problem does several things. It encourages investigators to (1)
set sights on the Phase |11 efficacy trial which will test the benefit of the behavioral
treatment on an outcome that is meaningful in clinical practice; (2) consider early on the
primary behavioral, clinical, or biomedical endpoints in that efficacy trial; and (3) commit to
achieving a sufficiently potent level of behavioral change to achieve meaningful change on
the ultimate biomedical or clinical outcome.

Application of Basic Behavioral and Social Sciences Research—Basic
behavioral and social science research can foster hypotheses about the driversof a
behavioral risk factor. Treatment development would then proceed with the translation of
these drivers of behavior into treatment targets, an identification of clinical methods by
which these targets can be altered, and the translation of targets into quantifiable process
measures to assess the success of the treatment. For example, basic behavioral science has
shown that mobilization of executive function can serve as a “brake” on impulsive eating
(Fagundo, de la Torre, Jimenez-Murcia, Aguera, Granero, Tarrega, Botella, Banos, et al.,
2012). Thus, it is reasonable to hypothesize that improvement in executive function would
reduce impulsive eating. Treatment development would then involve identifying specific
executive function skills, such as planning and problem-solving; designing a training
program to teach these skills; and developing process measures to assess them.
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The reciprocal connection between basic behavioral and social sciences research and early
phases of behavioral treatment development is depicted in Figure 1 by bi-directional arrows.
While a clinical problem can foster a search for relevant basic science guidance, basic
science discoveries can inspire an application of that process to a pressing clinical problem.
Various independent basic science findings can justify inclusion of several candidate
treatment components, each with their own treatment targets, clinical methods, and process
measures. Basic science can inform the dose and method of delivery of a behavioral
treatment. If a treatment approaches, but does not achieve, clinically significant milestones,
avenues for optimization may also be informed by basic science findings.

Phase I: Design: The goal of Phase| is to design the essential features of a behavioral
treatment or to adapt an existing treatment. The hallmark is that the protocols are fluid,
permitting ongoing adjustments in response to evolving findings. While initial tests may be
on a small number of highly selected participants, milestones for judging success of the
treatment should be ambitious, providing a needed cushion for subsequent testing in more
diverse samples.

Phase la: Define

Purpose and Goals: In Phase |a, the scientific foundation and the basic elements of the
behavioral treatment are defined. Among the goals are the development of a hypothesized
pathway by which a behavioral treatment could solve a clinical problem, specification of
clinically significant milestones on the behavioral risk factor being targeted, identification of
appropriate subjects, definition of potential treatment components, and elucidation of basic
behavioral and social sciences support for potential treatment components and their
respective treatment targets.

Milestones for judging the success of a treatment on the behavioral risk factor are guided by
the clinical problem. A priori specification of these milestones prevents “moving the target”
after the data are in. Basing milestones on clinical significance avoids the problem of
erroneously assuming that a treatment or treatment component is successful if it produces a
small benefit that is statistically significant but not clinically meaningful. Milestones can be
identified from epidemiological, experimental, or clinical studies which link the behavioral
factor to accepted biomedical risk factors, surrogate markers, subclinical disease, or clinical
events. Finding a cutpoint on a behavioral measure where biomedical risk increases is
suggestive of a level of change in the behavioral factor that is clinically relevant. This may
be an easier task for established behavioral risk factors such as smoking, alcohol/drug abuse,
diets high in saturated fat or sodium, physical inactivity, stress, depression, and low social
support, all of which have an evidence base to support their links to physical health.
However, in the case of novel behavioral risk factors where such an evidence base may not
exist, Phase la experimental studies examining covariation between the behavioral factor
and a relevant biomedical risk factor would be justified. For example, weight loss of 3 — 5%
in overweight and obese adults with cardiovascular disease (CVD) risk factors can be
deemed a clinically significant change since it has been shown to result in clinically
meaningful cardiovascular and metabolic benefits (Jensen, Ryan, Apovian, Loria, Ard,
Millen, Comuzzie, Nonas, et al., 2013). Were these data not available, Phase la
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experimental studies examining the covariation between level of weight loss and a
cardiovascular risk factor, such as blood pressure, might be needed.

Study Designs and Methods: A range of designs and methods are appropriate for Phase la
studies. Systematic reviews, meta-analyses, and epidemiologic studies can be used to
identify clinically significant problems, endpoints, milestones, and links between behavioral
risk factors and clinical endpoints. Taxonomies and “mapping” strategies that characterize
behavioral interventions and their components can help in selecting treatment elements
(Michie, van Stralen, & West, 2011; Bartholomew, Parcel, Kok, & Gottlieb, 2011).
Experimental and observational studies in the laboratory and field enable the researcher to
identify potential treatment components and the respective biological, psychophysiological,
social, environmental, and behavioral targets needed to accomplish change in them and, in
turn, in the behavioral risk factor. Ethnographic observation and interviews, focus groups,
and other qualitative research methods can engage the community of participants in the
development of user-centered strategies and help identify attitudes, norms, and values that
can affect an intervention’s acceptability and feasibililty (Peterson, Czajkowski, Charlson,
Link, Wells, Isen, Mancuso, Allegrante, et al., 2013; Strolla, Gans, & Risica, 2006).
Observational techniques such as behavioral event modeling (Wansink, 2010) and use of
ecological momentary assessment (Shiffman, Stone, & Hufford, 2008) permit the study of
treatment effects in naturalistic settings, leading not only to the identification of intervention
targets but also of critical time points for intervention delivery. Time series and ABA
designs, involving multiple baseline and treatment observations in small numbers of
individuals (Ridenour, Pineo, Molina, & Lich, 2013), allow researchers to identify early
indications of potential benefit. New analytic techniques for use with small samples,
including Bayesian analyses of data from N-of-1 trials, may be useful in Phase la studies
(Zucker, Ruthazer, & Schmid, 2010). Phase la studies are consistent with “evidentiary
studies” (Stevens, Taber, Murray, & Ward, 2007), a term used to describe a series of small,
inexpensive experiments or observational studies of the impact of potential treatment
components on process variables.

Milestones: Movement to Phase Ib is warranted once the hypothesized pathway by which
the proposed treatment translates into benefit on the behavioral risk factor is formulated,
potential candidates for treatment components have been assembled, intervention targets for
each component have been delineated, and milestones for determining clinically significant
change on the behavioral risk factor have been defined.

Phase Ib: Refine

Purpose and Goals: The goal of Phase Ib is to refine the treatment to promote efficiency
while at the same time retaining sufficient strength to promote clinically significant change.
Candidate components are examined together for the first time, and those that are essential
and show independent effects on the behavioral risk factor are identified. Serial presentation
of independent components might be studied. Practical aspects of the intervention such as
mode of delivery, agent of delivery, frequency of contact, and duration of contacts are
studied to identify the most efficient ways to achieve clinical targets. In cases of variable
response to a single protocol, the development of adaptive treatments with tailoring for
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special population subgroups or for differential response to treatment could be considered.
Phase Ib studies are ideally suited to the adaptation of an existing treatment to new
conditions, such as a new patient population, new settings or context, or new mode of
delivery.

Study Designs and Methods: Factorial and fractional factorial designs (Chakraborty,
Collins, Strecher, & Murphy, 2009) are ideal for determining independent treatment
components or combinations of components, optimum methods of delivery, and optimum
dose of treatment. Small single case or case series studies can be used to evaluate dose,
safety, tolerability, and impact of introduction of new treatment components (Dallery &
Raiff, 2014; Kazdin, 1982). The more rigorous adaptive designs provide the methodology
for determining the impact of serial introduction of multiple treatment components (Lei,
Nahum-Shani, Lynch, Oslin, & Murphy, 2012). Modeling techniques derived from
engineering and control systems theory can simulate intervention effects within complex
systems to determine how to achieve maximum benefit (Navarro-Barrientos, Rivera, &
Collins, 2011). Analytic procedures drawn from engineering can quantify the patterns of
intervention effects over time to determine the appropriate timing for evaluating the effects
of the treatment on a behavioral risk factor (Navarro-Barrientos, Rivera, & Collins, 2011).
An adaptive treatment, rather than a “one size fits all” treatment, could be developed to
feature tailoring based upon pre-specified decision rules for participant characteristics or
response to treatment (Lei, Nahum-Shani, Lynch, Oslin, & Murphy, 2012). Signal detection
methods can be useful for identification of subgroups for which tailoring of treatment could
optimize their outcomes (Palmer & Hadley, 2005). Qualitative methods evaluate the
acceptability to the target population and help refine the content and delivery of the
intervention package (Strolla, Gans, & Risica, 2006).

Milestones: The essential milestone for moving to Phase Il is the confidence of the
investigator that the treatment package is complete, includes its essential components
offered in an efficient way, is safe and acceptable to the population of interest, and it is
plausible that the treatment will have a clinically significant benefit on the behavioral risk
factor. Evidence of these achievements signals that the treatment protocol is ready to
undergo a “proof-of-concept” test.

Phase Il: Preliminary Testing: The goal of Phase Il studies is to test the ability of a fixed
treatment package to produce a clinically significant improvement on a behavioral risk
factor.

The hallmark of Phase 11 studies is that the intervention protocol is fixed and clearly
articulated in a treatment manual. Two types of testing can be conducted, often serially. A
preliminary, proof-of-concept test is a cost-effective way to determine if a treatment package
can achieve benefit on a clinically significant target in a small, select sample. If it does, it
justifies going forward with more rigorous pilot testing using a randomized design and
larger, more representative samples. Sequential testing, beginning with a small proof-of-
concept test, avoids wasting the resources needed for the more ambitious randomized design
on a treatment that cannot hit clinically significant targets under optimum conditions.
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Phase lla: Proof-of-Concept

Purpose and Goals: The main goal of the proof-of-concept study is to determine, in an
efficient way, whether or not the treatment merits more rigorous and costly testing using a
randomized design. This is done by determining if the treatment package that emerges from
Phase | studies can produce a clinically significant improvement on the behavioral risk
factor under ideal conditions. Because the protocol is fixed, a Treatment Manual can be
written that promotes quality assurance, including materials for training, ongoing
supervision, and fidelity monitoring of interventionists.

Study Designs and Methods: Quasi-experimental, within-subjects designs where subjects
act as their own controls in a pre-post treatment comparison are ideal. The sample size can
be small since clinical, not statistical, benefit is sought and sample size calculations are
unnecessary. The sample can be selected from accessible subjects, rather than be
representative, because this initial test will determine only whether the treatment merits
more rigorous testing. The focus of Phase I1a studies is deliberately placed on the treatment
and its ability to produce clinically significant change on a behavioral risk factor. This is in
contrast to Phase I1b concerns with determining the source of a treatment effect (e.g.,
separation of treatment effects from effects due to the passage of time) and with choosing
the appropriate control group, in itself a complex undertaking (Mohr, Spring, Freedland,
Beckner, Arean, Hollon, Ockene, & Kaplan, 2009).

Milestones: The essential milestone for moving to Phase I1b is that the treatment achieved a
clinically significant change in the behavioral risk factor. If an ambitious clinical criterion
was approached, but not achieved, optimization using qualitative inquiry could justify
forward movement to Phase IIb. If the clinical criterion was not even approached, the
researchers could return to Phase | studies or decide if it is justified to abandon the
treatment.

Phase Ilb: Pilot Testing

Purpose and Goals: Pilot studies have a variety of purposes and can take many forms, but
the proposed model includetwo general types: pilot studies and feasibility pilot studies. Pilot
studies are natural follow-ups to a positive proof-of-concept study. Their main goal is to
determine whether a clinically significant benefit on the behavioral risk factor can be
achieved in a larger, more representative sample and whether this benefit is above and
beyond the passage of time and non-specific effects that could occur in a control group.
There are many choices for a control group, ranging from a less stringent usual care control
to a more stringent attention control (Freedland, Mohr, Davidson, & Schwartz, 2011;
Kraemer, Mintz, Noda, & Tinklenberg, 2006). At minimum, all control group designs
control for the passage of time by determining whether the subject would have achieved
benefit over time without treatment. The specific choice of the type of control should be
based upon the clinical question of interest. For example, some questions focus on whether
or not the treatment can do better than usual care. Other questions focus on whether or not
the treatment can do better than non-specific attention, whether it can outperform an existing
treatment, or equal the performance with less burden and cost. Once the decision about the
appropriate control is made, systematic study of the control group’s properties is needed
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(Mohr, Spring, Freedland, Beckner, Arean, Hollon, Ockene, & Kaplan, 2009). Phasellb is
an ideal time to study the control group’s credibility, dropout rate, and influence on the
behavioral risk factor.

Feasibility pilot studies serve as preparation for the Phase 11 efficacy trial. Their key
purpose is to assess the feasibility of the trial protocol and provide estimates needed to
design the efficacy trial. Is the trial protocol feasible and acceptable to the investigators and
to the participants? Is there differential drop-out from the randomized arms? What is the
screening to enrollment ratios overall and at each of the recruiting sites? Although a
feasibility pilot study produces an unstable estimate of the effect size on the primary
endpoint of the Phase 11 efficacy trial (Kraemer, Mintz, Noda & Tinklenberg, 2006), it
should be considered along with accumulated effect sizes from similar past trials to
determine the sample size needed for the efficacy trial.

Study Designs and Methods: Most types of pilot studies use a randomized design.
Systematic evaluation of a variety of control groups can proceed using fractional factorial
designs. Feasibility pilot studies draw on qualitative methods, such as focus groups and
ethnographic interviews, to assess participant and staff acceptance of, and preference for, all
aspects of the protocol including methods and measures, treatment and control conditions
and procedures, and quality assurance protocols. The findings can facilitate protocol
refinement and simplification in light of direct experience.

Milestones: Phase |Ib data showing that a behavioral treatment produces a clinically
significant signal on the behavioral risk factor in patients with the specified clinical problem,
while the chosen control does not, supports moving to a Phase |11 efficacy trial. Empirical
support for the feasibility of the trial protocol includes a conservative and feasible
recruitment plan, an estimate of drop-out rates from both treated and control conditions, and
an estimate of the probable range of effect sizes that will be attained on the proposed
primary clinical endpoint in the efficacy trial.

Application of the ORBIT Model—The ORBIT model proposes a set of studies that
form a chain of evidence that signals readiness for an efficacy trial. This chain of evidence
can be translated into a pathway by which the treatment is hypothesized to work (Figure 2).
The link between A and B demonstrates that the specific targets of the treatment can be
implemented by the subjects. The link between A and C shows that the treatment is
powerful enough to produce clinically significant improvement in the behavioral risk factor
of interest. A fully-powered determination of the causal links between A and D or E would
occur in an eventual efficacy trial.

The value of articulating a hypothesized pathway, and collecting measurements for each of
its links, lies in the ability to more precisely interpret the results of Phase 11 trials (Powell,
Calvin, Mendes de Leon, Richardson, Grady, Flynn, Rucker-Whitaker, Janssen, et al.,
2008). If the trial produces positive results, evidence specifically supporting each link of the
chain strengthens the assertion that the observed effects were due to hypothesized pathways.
Evidence collected for each link of the chain in negative trials can help determine whether
null findings were due to a failure of the hypothesis that change in the behavioral risk factor
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is causally related to change in the biomedical outcome or a failure of the treatment to affect
its targets.

Use of the ORBIT model is illustrated by applying it to the development of a behavioral
treatment to prevent diabetes in insulin resistant patients. Clinical guidelines promote
lifestyle change as the first step in treatment of insulin resistant patients (Handelsman,
Mechanick, Blonde, Gruberger, Bloomgarden, Bray, Dagogo-Jack, Davidson, et al., 2011),
but few validated lifestyle interventions are available. The scenario below shows how the
model could be implemented to develop and test such an intervention.

Using the ORBIT model, a Phase la review of epidemiological studies and clinical trials
provides empirical support for the clinical significance of a 30% reduction in diabetes over
standard drug treatment (Hamman, Wing, Edelstein, Lachin, Bray, Delahanty, Hoskin,
Kriska, et al., 2006), a 5% weight loss as a biomedical target (Hamman, Wing, Edelstein,
Lachin, Bray, Delahanty, Hoskin, Kriska, et al., 2006), and both dietary changes (e.g., a 5%
reduction in percent fat) and increases in physical activity (e.g., 150 minutes/week of
moderately vigorous physical activity) as behavioral targets (Hamman, Wing, Edelstein,
Lachin, Bray, Delahanty, Hoskin, Kriska, et al., 2006). Phase la investigation of basic
science studies shows both theoretical and empirical support for the value of daily self-
monitoring on reducing percent fat in the diet and increasing physical activity.

A Phase |a test of daily self-monitoring in a small N time series of selected patients shows
that patients will self-monitor both their dietary intake and their physical activity, as
evidenced by their willingness to transmit data from daily food diaries and accelerometers.
However, although the goals of a 5% reduction in fat and physical activity target of 150
minutes/week are achieved, they are not sustained over time. Based on further review of
basic science studies suggesting that tailored feedback potentiates the effects of self-
monitoring, internet-delivered tailored feedback is added to the Phase la small N time series
study and receipt of the feedback is measured by frequency of patient log-ins to receive
feedback. With this addition, sustained achievement of the diet and physical activity
milestones is obtained.

A subsequent Phase Ib fractional factorial study determines that daily self-monitoring and
tailored feedback together are more potent than is either one alone in achieving the 5%
weight loss (biomedical) target. The combined findings suggest that a treatment with two
components is needed and the effects are robust enough to move to Phase |1 studies, at
which point a Treatment Manual would be written and a treatment-only “proof-of-concept
study is run on a small number of accessible patients. If the dietary, physical activity and
weight loss milestones are achieved, this justifies a more robust pilot test in a larger, more
diverse sample of patients using a randomized design. Such a series of studies make it
possible to articulate the hypothesized pathway by which the proposed treatment may
improve the biomedical or clinical outcome (Figure 3).

All of the studies presented in this illustration could be conducted by a single investigator,
by a single team of investigators, or by a group of investigators who are, at best, loosely
connected. An essential assumption of the ORBIT model is that research efficiency and
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quality are enhanced when a collaborative team of investigators works to integrate diverse
studies into a chain of evidence that justifies a Phase I11 trial.

SUMMARY AND CONCLUSIONS

Given the vital role of behavior change in delaying or mitigating the effects of costly chronic
diseases, effective and durable behavioral treatments are urgently needed. The ORBIT
model was developed to identify the most productive ways to accomplish this. In doing so it
provides guidance on the process of treatment development, but does not propose any
specific content. It suggests that use of a progressive, transdisciplinary framework to
facilitate the translation of basic behavioral science findings to clinical application will
strengthen behavioral treatments, encourage their testing in rigorous efficacy and
effectiveness trials, promote success, and foster dissemination into clinical practice.

Currently, all of the elements needed to go from ideas to the efficacy trial exist, but the
pathway for doing so is not well-defined. Without the early discovery and innovation that is
characteristic of basic science, the potential for behavioral treatments to be robust enough to
produce clinically significant results is undercut. Without a progressive approach to
treatment development that embraces a variety of designs and methods, there is a risk that
promising treatments will be abandoned prematurely because they fail tests that are too
stringent for an evolving understanding of their fundamental elements. Without input from
clinical practice, treatments that are judged to be successful because they achieve statistical
significance may produce results that are too small to be clinically meaningful. Without a
consistent framework to support progression toward the behavioral efficacy trial, the ability
of behavioral and social science researchers to provide the type of evidence that is
meaningful to clinical gatekeepers and third-party payers is compromised.

The ORBIT model stitches together these existing crucial elements in the behavioral
sciences in several ways. First, it pushes behavioral and clinical investigators to set sights on
the efficacy trial, identifies the chain of evidence needed to support such a trial, and outlines
the careful, progressive program of research that can provide this evidence.

Second, the ORBIT model encourages a transdisciplinary approach. Crosstalk between basic
and applied behavioral and social scientists can foster innovative approaches to common
problems, leading to novel methods for motivating patients to stick with early changes,
sustaining change by mobilizing social networks, or maximizing executive function as a way
to minimize impulsivity. Crosstalk between clinicians in medical practice and applied
behavioral scientists can increase the significance of the questions posed and identify targets
that have meaning in clinical practice. Such crosstalk can facilitate the evaluation of a
behavioral treatment’s viability as an alternative or adjunctive treatment, its side effect
profile and effects on quality of life, and its potential cost-effectiveness relative to existing
treatments.

Third, the ORBIT model advocates for flexibility in both the designs and methodologies
used for treatment development. In the early phases, it encourages investigators to draw on
clinical acumen and creativity to “tweak” treatments in response to ongoing results as
treatments unfold. This type of work can and should be clearly separated from the testing of
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fixed protocols. Currently, most behavioral treatments are tested in the same way using
randomized designs with attention control groups, fixed protocols, and blinding to outcomes
until follow-up is complete. There is a strong rationale for such methods, but when used
universally, particularly in the early phases of treatment development, their use can undercut
creativity, impede discovery, and produce weak treatments.

Fourth, the ORBIT model provides a language for conveying the significance of a small,
single study, which can be especially important in relation to evaluations of grants and
papers. Small, early phase studies run the risk of being judged to be not very important.
However, if they are conceptualized as crucial steps in a program of research that is directed
toward efficacy and effectiveness trials to answer pressing clinical problems, their value
becomes more apparent.

There are several things that the ORBIT model is not. First, it is not prescriptive or
restrictive. Rather, it identifies a flexible strategy for collecting a chain of evidence to
enhance confidence that a promising behavioral treatment is ready for Phase 111 testing. The
entire series of studies in the model could be conducted by a single investigator, a team, or,
to save money and time, by integrating findings from multiple but unrelated investigators.
By analogy, to build a house one could do everything alone or could serve in the role of an
architect who creates the design but relies upon a team for construction, painting, plumbing,
and electricity.

Second, the ORBIT model does not require that treatment development proceed precisely as
specified in the framework, starting with Phase la and ending with Phase I1b. In many
cases, a behavioral treatment already exists and the task is simply to adapt it to a new
clinical problem, a new patient population, and/or a new outcome. In this case, the model
could be used to decide what additional testing is needed. A small proof-of-concept study in
a new patient population may show, for example, that results are promising but suboptimal,
suggesting moving back to Phase Ib for refinement that could optimize results. In other
cases, a new behavioral treatment may be so innovative and compelling that development is
unnecessary and immediate testing in a feasibility pilot is warranted. The value of the
ORBIT model lies in the provision of a framework that can facilitate decision-making in
light of various outcomes.

Third, the ORBIT model does not require evidence to be accrued for each “link” in the
chain. For example, where well-established evidence exists linking a behavioral or
biomedical risk factor to a clinical outcome (e.g., evidence of association between smoking
and heart or lung disease), evidence from an efficacy trial that a behavioral treatment affects
that behavioral or biomedical risk factor (e.g., smoking) may be sufficient to influence
clinical practice. In other cases, evidence of an intervention’s effect on a treatment target
may be adequate for proceeding to a clinical endpoint trial without evidence of the
intervention’s effect on a behavioral risk factor. An example is the use of biofeedback to
treat chronic pain. Research using fMRI has shown that biofeedback can directly alter neural
activity in specific brain regions and these changes can affect chronic clinical pain
(deCharms, Maeda, Glover, Ludlow, Pauly, Soneji, Gabrieli, & Mackey, 2005). Here, one
could move from evidence of an effect on the treatment target of brain activity (B) to a test
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of the efficacy of biofeedback on a clinical outcome (severity of pain) without evidence of
the treatment’s effect on an intervening behavioral risk factor (C).

Fourth, the ORBIT model does not require mechanisms and moderators to be included in all
phases of behavioral treatment development. While understanding the mechanisms through
which an intervention produces its effects can be useful in developing better-targeted
interventions, it is not critical to understand mechanisms of action in order to demonstrate an
intervention’s effectiveness (Blumenthal, Babyak, Wei, O’Connor, Waugh, Eisenstein,
Mark, Sherwood, et al., 2002). In the ORBIT model, physiological mechanisms by which
the behavioral risk factor translates into biomedical risk (referred to as biologic plausibility
in epidemiology) can be focused on in early Phase la studies to help justify the choice of a
behavioral risk factor and its cutpoint for clinical significance. Moreover, moderators (also
called a priori subgroups in clinical trial methodology) can be studied in Phase b with the
goal of adapting treatments so they are maximally powerful across all patients at risk. This
can and should occur before the fixed protocol is tested in Phase 1.

In summary, the ORBIT model is a systematic framework for guiding efforts to link
behavioral solutions to clinical problems. Discoveries in the basic behavioral and social
sciences hold great promise for addressing clinical health problems, yet there is no
commonly established way to translate these findings into behavioral treatments. In the
absence of industry support and regulatory guidelines, it is important for the behavioral
science community to articulate and adopt models of behavioral treatment development that
can facilitate the application of viable behavioral solutions to pressing health problems. Past
models have emphasized the value of a systematic, phased approach to behavioral treatment
development, and the recent emergence of evidence-based behavioral medicine (Davidson,
Goldstein, Kaplan, Kaufmann, Knatterud, Orleans, Spring, Trudeau, & Whitlock, 2002)
provides clear standards for rigor. The ORBIT model complements and extends these efforts
in proposing a systematic, well-defined process by which the investigator can achieve these
rigorous standards.

Transparency of milestones for success in later phases of interventional research has been
made possible by the required registration of trials in clinicaltrials.gov. An infrastructure to
allow similar transparency in the earlier phases of behavioral treatment development is
needed and perhaps can be facilitated by use of the ORBIT framework. Finally, since the
ORBIT model focuses exclusively on the early phases of behavioral treatment development,
further evolution of the model to deal with later phases of translation is needed to achieve
the ultimate goal of improving the utilization of proven behavioral treatments in clinical and
community settings.

Currently, a window of opportunity exists in which demand is growing for primary and
secondary prevention strategies that can reduce the burden of costly chronic diseases which
primarily have behavioral causes. This creates the need for a larger pool of effective
behavioral treatments available for use in clinical care than currently exist. To take
advantage of this opportunity, it is essential that investigators systematically build the
rationale for the need for a behavioral efficacy trial, conduct that efficacy trial, and, by so
doing, build the evidence base for the value of behavioral treatments in clinical practice
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using the language of medicine and third-party payers. Creating a robust evidence base for
the value of behavioral treatments in clinical care has enormous potential to expand choices
for patients, improve quality of care, prevent or delay disease and disability, and, most
urgently, lower health care costs not only for individual patients but for society as a whole.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
The ORBIT Model for Behavioral Treatment Development
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Figure 2.

Model of pathway by which a behavioral treatment is hypothesized to improve a clinical
outcome. CS ¢ = Clinically Significant Change
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Illustration of a pathway by which a weight loss treatment is hypothesized to reduce diabetes

(CS & = Clinically Significant Change)

Health Psychol. Author manuscript; available in PMC 2016 October 01.



Page 22

Czajkowski et al.

196.u€)
[eJ01ARY3( 8y} UO 1oedwi
JuedIuBIS Ajfeotut|o v

1000304d Paxiy e 0153 ]

ubisap Ajuo-juswiesas; ‘eluswiladxa-1send)

10108} YSH [JOIARYS] B} UO
Jeubis jueaiyiubis Ajjealunfo
B 9A3IYJE UBD Juswieal}

3y} Jayraym aulwiaeg
“Butionuow Aujaply

10} sainpadold pue [enuepy
uswieal | ays asedald

[euBis Jueayiubis Ajjeatut|o

1090U0D-J0-J00.d ‘8[| 8seyd

Bunsay

10} Apeal si jod0j0.d
paxi4 sy} pue a191dwod
sI abexoed Juawieas

1X3]4
uogreziwndo

1uaied 01 AJIARISUSS
90UeAR|3) [edlulD

SpoyIsW Uo1291ap [eubis
SMaIAIRIUI .
sdnoif snooy .

:4y2Jeasal anlzeljenb aAlrew.I0
Ssluawiyeas) anndepy
SEJIENETN

suawiiadx3

subisap anndepy

Aipgeidaase

‘Al1gela)0] ‘A1ases ssassy
sburputy

80UBIDS |B10S/[JOIABYS(]
a1seq Buisn Juawiyealy
az1wndo ‘papasu |

asuodsal
RUETDLEEY .

suone|ndod
|e1oads .

110}
Burio|ie) Joy pasu suIwIRRA
AJaA118p JO apow sulwlsleqg
uoneinp

/3S0p papaau aulwlaleQg
sjuauodwod

JUBWIIRAI] BAIIRIBIUL

Aauaioiye

3y} Jeyl uonoeysies suBisap [e110}9.) [euOI}oRlY/[e1I0}oRS pue juspuadapui Aj1usp| pue yibuaus 1o} aulyey auley :q|8seyd

salpn)s Alenuaping Aungerdsaoe

1310 ‘AlaJes SSassy

SmalAEul ° s109[qgns areridoidde Aynusp|

sdnosB snooy . s1afe)

1UBWIea.] aA1dadsal J18y)

:4yoJeasal anlredjenb aAleulLI0q pue sjusuodwiod juswyess)

S3IPNIS [eUOIIEAISS]O [e9160]09] 10} SISB] 92UBIDS [BI1I0S

s|ew T-40-N /leJoIARYa( 2ISeq apIAOId

subisap vav SAUOISAIW [eloINeyaq

S31aS AWl | 10} SISBQ 1413UBIDS BPINOId

uonenw.oy sisaylodAH siuawiiadx3 wsajqoid

"paulyap uoneswadx3y ‘saIpns [ealud wenodwi aAjos

aJe S3UO)SA|IW pue 111q1xa]4 a16ojolwapida ‘sBuipuly 82usIds [e190S U9 JuaWieal} [eIolIneYaq

‘spoyiaw ‘syjusuodwiod AKianoasig /[eJ0IARYS(Q JISB( ‘S[eLi] [ed1ul]d ‘sasAjeue yaoiym Aq Aemyzed
JUBWIeal) d1epIpURD Aianeald -B1oW ‘sauljapInb [ealul]d Jo MaIASY pazisaylodAy dojansg Sjuswa|a d1seq aulyaQ aulpQ e|aseyd
ANOLSITIIN AYINONI 40 L1d1dS SAOHL3N NOWINOD SIVO9 J14103dS VOO TIVHLINID 3ASVHd

Author Manuscript

[opow 11940 8y ui ‘eseyd Aq ‘seuolsajiw pue ‘Asinbul Jo 11ds ‘spoylew ‘sjeoo)

T alqel

Author Manuscript

Author Manuscript

Author Manuscript

Health Psychol. Author manuscript; available in PMC 2016 October 01.



Page 23

Czajkowski et al.

lew Aoediyye ue jo ubisap
3y} 1o 30| IeAR Salewss
paAuap Ajjeaundw
a|qiseay Ajjeansifo)

s 1000104d [eln

ay1 reyy Loddns eoundwy

aenidoidde
s1 dnolb
]013U02 aY) .

dnoib
10J3U09 3y}
Jan0 [eubis
Juedyiubis
Afreaturo
B Sey
UonusAIBIUI
ay} .

‘Jey3 Woddns feandwg

Ssalls

10 Jaquinu .
dn-moj|o}
joybus

azIs ajdwres .

lei
Aoeaiyys Joy uonesedald
sa)Is a|dinw

SS0J9B 30UBWLIOLSd
uonejndod

196.1e1 01 Ajigeidaooy

dnoub j013u02

10 Apn1s onewslsAs
1000304d paxiy

® JO 1S9) paziwopuey

A

1583}

10 SaIpN]S aAEIUEND pue aAEENd

subisap paziwopuey

suonIpuod
1013U02
pue pajeas

u1 sajel asuodsal o

SaJel I9N0SS0JD
nodoup .

oljel JUsW(|0Jud
01 Buluaalos .

:Jeriy Aoeouyys Jo ubisep

10} Papaau Sa1ewIISa apINOId
syuedion.ed

pue si0yefnsanul 1o}
100030.d JeL) JO ANjIgiseay
leansiBo| sulwisiag
1090304d Je1)} o} suonesadO
1O [enueA 8y} atedald

a)qeidaode
pue a|qIpald .

SIaN0SS0JI
pue sinodo.p
Jewnuiw .

10396} XSl
[eJo1nRY3q UI
abueyd fewiuiw .

:dnoJb j0u09 Jo Adenbapy
asIou Jano

Jeubis jueaiyiubis Ajeaiund
pareasy ui [eubis yueaiyiubis
Al1eatu)d jo uoneoljdey

j000304d
leriy Aoeoiye Jo Aljiqises

9SI0U JBA0
[euBis Jueayiubis Ajjeatut|o

Buiss1 10|1d :q118seyd

1011d A1 sead

ANOLSTTIN _

AYINONI 40 L14IdS

SAOHL13IN NOWINOD _

STVO9 O14103dS

VOO TTVHLN3D

3ASVHd

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Health Psychol. Author manuscript; available in PMC 2016 October 01.



