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Abstract

Recently, the focus of funding mechanisms associated with clinical trials has changed to be
consistent with an experimental therapeutics approach. While this approach holds considerable
promise, the paradigm shift has presented challenges for behavioral trials in complex psychiatric
illness such as schizophrenia, as molecular targets — the classic focus in experimental therapeutics
paradigms — may not represent logical targets for many psychosocial interventions designed to
treat multifaceted, multiply determined symptoms. Clear guidelines for alternate models have not
been offered, leaving large numbers of clinical trials researchers unclear about how to frame their
work. We address some of the challenges for behavioral interventions research, and offer guidance
for the development of novel approaches to the application of a target engagement framework to
behavioral clinical trials.

In 2014 the NIMH instituted an experimental therapeutics approach for clinical trials
research (Insel and Gogtay, 2014), in which interventions probe disease mechanisms by
defining relevant targets, then evaluate efficacy not of the intervention on distal clinical
outcomes but of the intervention to engage the identified target. While this approach holds
considerable promise, the paradigm shift has presented challenges for behavioral trials, as
molecular targets — the classic focus in experimental therapeutics paradigms — may not
represent logical targets for many psychosocial interventions. Given this model shift and the
considerable unmet clinical need for the development of more robust and effective
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behavioral treatments for many symptom dimensions (e.g. cognition in psychosis), novel
approaches to the identification of actionable targets in behavioral interventions is critical.

Of the more than 250 clinical trials supported by the NIMH in 2012, over half were focused
on psychological or psychosocial treatments (https://www.nimh.nih.gov/funding/
opportunities-announcements/clinical-trials-foas/changing-nimh-clinical-trials-efficiency-
transparency-and-reporting.shtml). Thus, a shift to an experimental therapeutics model
affects considerable efforts at treatment development. However, this approach does not map
as easily to psychosocial treatments as it does to the development of biologics, as behavioral
interventions are rarely thought to act focally at the molecular level and identification of
appropriate targets and the measurement of target engagement is thus less straightforward.
Indeed, The National Advisory Mental Health Council's Workgroup Report on accelerating
discovery of novel interventions in mental health states that, “The workgroup’s...
recommendations are intended to be applicable to developing interventions in all modalities,
but members recognize that much of the report is in the language of drug development. In
that the workgroup heartily endorses the development of better non-pharmacological
treatments...it also encourages alternate and efficient models of development appropriate for
these domains.” (From Discovery to Cure, 2010, Page i.) Unfortunately, clear guidelines for
alternate models have not been offered, leaving large numbers of clinical trials researchers in
behavioral science unclear about how to frame their work.

Identifying Targets in Behavioral Interventions

The model for the development of therapeutics used in most other areas of medicine begins
with knowledge of molecular pathophysiology, which is used to generate novel targets;
screens for small molecules are then developed based on these targets (Insel and Scolnick,
2006). However, such an approach is not necessarily amenable to behavioral target
identification. How, then, should we select rational, relevant targets that are a) selectively
perturbed by a behavioral intervention, and b) likely to be directly and causally related to
both pathophysiology and outcomes?

Toward An Experimental Therapeutics Framework for Behavioral

Interventions

If behavioral trials are to keep pace with the evolving focus of clinical trials research, there
is an urgent need to develop meaningful methods for the application of a target engagement
approach to this work. Several recent reports may provide guidance for moving away from
classic outcome studies into an experimental therapeutics framework for behavioral
interventions in schizophrenia and other psychiatric illnesses (see Table 1). These studies
show that this approach can be used to develop hypothesis-driven bases for target selection
and evaluation of target engagement after behavioral intervention, and that paradigms can
effectively define targets, interventions, and target engagement in behavioral terms (e.g.
Freeman et al., 2015). Additionally, they demonstrate both the promise and the importance
of careful definition and conceptual separation of mechanism, target and proximal and distal
outcomes.
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Considerable challenges remain in the identification of actionable targets in behavioral
research. First, interventions with multiple components, as is common in behavioral
treatments (e.g. CBT involving individual, family, and group components; cognitive
remediation targeting multiple cognitive domains) may obscure active treatment ingredients
and do not allow for disentangling of treatment effects (Penn et al., 2004). Careful definition
and separation of mechanisms, targets, interventions, evidence of target engagement, and
links between target engagement and clinical outcomes may actually facilitate this process.
Second, because the intervention may be less proximal to the target than is common in
biological trials, thoughtful metrics for determining whether or not the intervention “hit the
target” are critical to define.

Efforts to disentangle the therapeutic mechanisms of any treatment must consider the
heterogeneity of cognitive/ affective processes that may underlie therapeutic change. For
example, working memory (WM) impairments in schizophrenia may result from primary
deficits in neural processes subserving WM, aberrant effortful neural activation due to
cognitive bias toward negative, threatening stimuli, or both (Browning et al., 2010; Eack et
al., 2016). Traditional efficacy studies may find treatment effects on WM without being able
to determine through which mechanism the treatment acts. It is therefore valuable to identify
the target (e.g. attention bias in cognitively impaired patients) and selectively engage this
target by an intervention specifically designed to address this deficit. If target engagement is
confirmed, the next step would be to move to confirmation of efficacy of the intervention in
a controlled clinical trial by /inking evidence of target engagementto relevant outcomes.
Each of these steps would lead to a go/no go decision such that the investigator can move to
testing alternative targets and/or interventions (see Figure 1).

Lastly, an important paradigm shift under this approach is an explicit emphasis on target
engagement first, and clinical outcomes that have historically been the primary metrics of
efficacy second (e.g. community functioning; psychotic symptoms) and only insofar as they
are linked to evidence of target engagement. Decades of efficacy-focused studies have often
resulted in a confusing and conflicting body of work on behavioral interventions in
psychiatry. For example, studies of CBT for psychosis (CBTp) have shown that most
interventions are moderately effective (Wykes et al., 2008), but may not differ in terms of
symptom reduction from other psychosocial interventions (Jones et al., 2012). Because the
focus of these trials has been on symptom reduction versus mechanisms of action, we are
unable to evaluate sioweach brand of treatment affects symptoms and for whom. That is,
CBTp may lead to reduced positive symptoms, but without identifying a specific target and
evaluating the links from intervention to target engagement to symptom reduction we may
conclude the study with no greater understanding of whether or how any given aspect of
CBTp creates change. If target engagement is established first, however, trials are better
positioned to empirically test not only whether an intervention “works,” but whether it
works through the hypothesized mechanism of action, and — in the inevitable case of
heterogeneity of treatment response (here: target engagement) — which factors contribute to
this heterogeneity. Elegant follow-up designs then become possible: for example, head to
head trials of interventions presumed to act on similar or distinct targets; effects of
medication titration in connection with a behavioral intervention targeting the same system;
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evaluation of additive versus redundant effects of multimodal interventions on key
outcomes.

Conclusions

In a recent message, NIMH Director Dr. Joshua Gordon reaffirmed the Institute’s
commitment to psychosocial interventions research, and pointed to reworked funding
mechanisms aimed at supporting this work, including separating mechanisms testing early
stage drug/device interventions from those that test psychosocial interventions, and
rewording of the FOAs (Gordon, 2017). However, challenges remain. For many of the
complex symptoms of major mental illnesses like schizophrenia such as thought disorder,
negative symptoms, and cognitive deficits, adequate treatments are not yet available and are
urgently needed. Interestingly, in other fields of medicine efforts to define pathways from
disease to treatment to outcome have struggled with an overemphasis on "surrogate
endpoints, " risking losing sight of clinical outcomes (Strimbu and Tavel, 2010). The current
challenge in behavioral psychiatric intervention studies, conversely, is the identification of
biomarkers (or "phenomarkers") first, rather than jumping straight to clinical outcomes
without understanding the mechanisms. While there is great promise in this strategy to make
faster, broader gains in treatment development and evaluation, we must continue to work to
define actionable targets — particularly non-biological targets — and assess target engagement
in a way that facilitates rather than hinders development of these key interventions.
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Step 1: Target identification
Is there a specific treatable target mechanism?

Is impaired cognition (e.g. decreased WM) related to a specific mechanism
(e.g. attention bias as indexed by an altered prefrontal activation within an

emotional n-back task) ? Investigate
Yes = b Other
mechanisms
Step 2. Target engagement
Can the target mechanism be modified?
Does attention bias treatment (ABT) reverse altered prefrontal activation
with an emotional n-back task, and improve WM? Investigate
N _ Other
Yes " No g .
! Interventions
Step 3. Target clinical testing
Is this target engagement clinically effective?
Does ABT, compared to an active control intervention, improve WM?
Figure 1.
Experimental therapeutics for developing novel psychological interventions: A hypothetical
example
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