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The National Institutes of Health has established the PhenX Toolkit as a web-based resource
containing consensus measures freely available to the research community. The National Institute
of Mental Health (NIMH) has introduced the Mental Health Research Core Collection as part of
the PhenX Toolkit, and recently convened the PhenX Early Psychosis Working Group to generate
the PhenX Early Psychosis Specialty Collection (EPSC). The Working Group consisted of two
complementary panels for clinical and translational research. Here, we review the process,
deliberations, and products of the translational research panel. The EPSC rationale for measure
selection as well as additional information and protocols for obtaining each measure are available
on the PhenX website (https://www.phenxtoolkit.org). The NIMH strongly encourages
investigators to use instruments from the PhenX Mental Health Research Collections in NIMH-
funded studies and discourages use of alternative measures to collect similar data without
justification. We close by discussing some of the potential advances that can be achieved by
collecting common data elements across large-scale longitudinal studies of early psychosis.
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PhenX; data element; early psychosis; schizophrenia; cognition; neuroimaging

BACKGROUND

The field of early intervention in psychiatry has seen an explosion of interest and activity in
the past decade, as evidenced by the introduction of novel research and treatment
approaches, a thriving international association, as well as the formation of journals devoted
to the topic. The subspecialty field of psychotic disorders has benefited from and contributed
to these developments. Expansion of early psychosis research and treatment has been
accompanied by a growing diversity of tools and approaches. This diversity has created a
challenge for effective communication between workers in the field and for progress in
translational research that can provide novel insights into disease pathophysiology and
provide leads for treatment development.

Psychiatry is not alone in this predicament; similar challenges have arisen in other fields of
medicine. To address problems of standardization and communication in GWAS studies in
particular, the National Human Genome Research Institute established the PhenX
(consensus measures for Phenotypes and eXposures) Toolkit. The Toolkit is a web-based
resource containing consensus measures freely available to the biomedical research
community at (https://www.phenxtoolkit.org) (1). As part of the PhenX Toolkit, the NIMH
introduced the Mental Health Research Core Collection for use in psychiatry research (2)
and subsequently unveiled Specialty Collections in specific areas of research within
psychiatry (see NOT-MH-15-009 and NOT-MH-15-031). The NIMH strongly encourages
investigators to use instruments from the PhenX Mental Health Research Collections in
NIMH-funded studies and discourages use of alternative measures to collect similar data
without specific justification. Standard measures should foster measurement-based care as
well as quality improvement efforts using aggregated data (3).
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PHENX EARLY PSYCHOSIS SPECIALTY COLLECTION

SPECIFIC

Given the developments in the field of early intervention in psychiatry, the NIMH decided to
add early psychosis research and clinical care to its growing list of Specialty Collections.
The PhenX Early Psychosis Working Group was convened in early 2016 with the purpose of
developing this collection. Members of the Working Group were selected based on the
recommendations of the NIMH Project Scientists and their colleagues. An effort was made
to have the combined expertise of working group members cover the scope of the domain, as
well as provide diversity, e.g. regarding geography and institutions. Each had to commit
their time to the effort, and demonstrated a willingness to contribute to a consensus-based
effort. The working group included an individual with lived experience. In order to address
the scope of the Early Psychosis domain, two complementary sub-panels focused on
translational and clinical aspects. The entire Working Group first met together to develop a
roadmap. This was followed by the two sub-panels meeting separately to develop their
recommendations, and finally by a meeting of the entire Working Group to discuss all
aspects of the work and to make joint final recommendations. The PhenX consensus process
is described elsewhere (1). The charge for the Working Group was relatively narrow:
selecting measures that can be used in research. We did not focus on other potential ways to
improve early psychosis research, for example by providing a consensus definition of first
episode psychosis itself. The process also included an outreach step subsequent to the
Working Group meeting during which the preliminary list of measures was presented to
research community for feedback and comment to strive for adequate representation of a
diversity of views.

The measures included in the PhenX Early Psychosis Specialty Collection (EPSC) are listed
in Table 1. The measures are organized roughly along a translational/clinical dichotomy
where the first 7 measures listed are considered translational. Note that some measures cross
this divide and provide relevant information in both contexts. The rationale for measure
selection, additional information on the measure, and protocols for obtaining the measure
are described on the PhenX website.

CONSIDERATIONS FOR TRANSLATIONAL MEASURES

In the remainder of this article, we expand on the adoption of the translational research
measures included in the EPSC. In a related contribution, Dixon and colleagues describe in
greater detail the process for adoption of the collection’s clinical measures (4). These
communications are intended to report on the work of the Early Psychosis Working Group to
inform the early psychosis research and clinical community and to raise awareness regarding
the availability of this resource. They do not provide a detailed discussion of how each
measure was selected, or of scientific progress in this domain.

Historically, a rate limiting factor for many translational early psychosis research programs
has been the difficulty in acquiring adequate samples for well-powered studies (see (5) for
discussion). It takes long periods for single-site projects to enroll enough participants and
methodological variations can create barriers to comparing findings or sharing data among
laboratories. The PhenX EPSC addresses these limitations in a number of ways. For
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example, the collection identifies several scientifically noteworthy measures that could be
collected across all NIMH-funded early psychosis research clinics, thereby generating many
thousands of data points each year. In our selections, we emphasized ease of implementation
since we want as many clinics as possible to collect data along these lines. But data
collection will inevitably take place in a research context, and not incorporated into clinical
care workflows. These data will be stored in the NIMH Data Archive, harmonized, and
made freely available to the scientific community for mega-analyses. Collecting and sharing
research data in this manner will create new opportunities for collaborative science, and
exciting possibilities for answering important questions in a timely and definitive manner.

The EPSC is not intended to solve scientific problems per se, but rather to standardize and
improve the comparability of research data across the field. Representative topics that could
be addressed with EPSC measures include: (1) large-scale psychometric projects to establish
early psychosis population norms on translational measures; (2) collaborative neuroscience
studies to chart cognitive function in early psychosis; (3) multi-site imaging research to
explore relationships between symptom presentation and integrity of large-scale neuronal
networks in the brain; and (4) efforts to examine the role of neuroinflammation in the
pathophysiology of psychotic disorders. These measures are intended to be collected in well
over one hundred coordinated specialty care clinics around the country where early
psychosis patients are receiving care, as well as future EPINET clinics supported by NIMH.
Thus, standardized data collection could be leveraged for longitudinal studies on the
association of translational measures with clinical trajectories and treatment response. The
assembly of longitudinal clinical and translational data obtained from a thousand or more
individuals receiving care in such clinics each year would allow investigators to carry out
analyses that have thus far remained out of reach. The value of such longitudinal multi-site
studies has already been demonstrated in at-risk syndromes where cognitive profiles of at-
risk individuals who convert to psychotic illness were defined (6, 7) and a calculator for risk
of conversion to frank psychosis was developed (8).

With these opportunities in mind, the Translational Research panel identified several
constructs for inclusion in the EPSC. The discussions focused on assessments of cognitive
function, brain imaging modalities, and biochemical measures relevant to pathophysiology.
For each construct, we considered protocols used by investigators in the field and evaluated
each protocol from the point of view of scientific content, psychometric characteristics, ease
of adoption, and likelihood of consistent implementation across research centers. In addition
to a detailed description of how to collect the data, the protocol provides additional
information, such as rationale, source, and specific instructions to enable Toolkit measures to
effectively and consistently implement the measures across sites. In several instances,
attractive instruments were found in other PhenX Toolkit Specialty Collections and Research
Domains, e.g., the Assay for Cytokine Panel 12 that was added to the Toolkit by the
Infectious Disease and Immunity domain work group (9). Measures included in the EPSC
complement the existing content of the PhenX Toolkit. We encourage readers who notice
gaps in topics covered by the EPSC to search the Toolkit more broadly as those constructs
may be associated with a different research domain or specialty collection.
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Cognitive Assessment

Cogpnitive impairment is common in psychotic disorders, can precede the onset of psychosis,
and is strongly associated with adverse community functioning outcomes (10). The Working
Group devoted significant attention to selecting common data elements for cognition
research. A “global” cognitive measure was included (Measure #1) as well as theoretically
motivated measures from cognitive neuroscience that probe specific, circuit-based cognitive
functions. For the former, we selected a battery that is comprehensive, easily administered,
and scalable in a variety of settings, including in digital format (11). This battery is available
in the public domain and is based on functional neuroimaging studies (12). It has been
applied across many settings and the “game like” tests are well tolerated across the age
range of childhood to late adulthood (13). The total battery currently takes about one hour
but covers the main domains of cognition including executive functions, episodic memory,
complex cognition, social cognition and sensorimotor speed (14). Its modularity allows
sampling of specific domains and repeated administrations (15). In addition, normative CNB
data are available for males and females with different levels of education and from diverse
populations. It has been translated to multiple languages and can be administered through
remote connection on the web as well as in real-world settings including the military and
resource limited hospitals and clinics globally (16). The development of the CNB and early
applications have focused on early psychosis and psychosis risk. Furthermore, the CNB
measures have established heritability in studies of schizophrenia spectrum disorders (17,
18). For the latter, we selected three measures (Measures #2—-4). The context processing (AX
CPT/DPX) and relational encoding and retrieval (RiSE) tasks engage frontal-parietal
cognitive control and episodic memory related frontal-hippocampal circuitry, respectively
(19, 20). We selected these tasks because impairments in cognitive control and episodic
memory are core deficits in psychotic disorders, are present at or prior to the onset of
psychatic illness, persist throughout the lifespan, and are also present in high risk groups,
including first-degree relatives. Cognitive control is domain general and relevant for a broad
range of cognitive deficits in psychosis, and in some cases for altered emotion processing as
well (21, 22).

Both the AX CPT and RiSE were selected based upon recommendations of previous
working groups including CNTRICS (23, 24). This initiative involved 7 meetings conducted
over a 5-year period and was supported by an R13 from the NIMH. A diverse group of over
200 attendees from industry, academia (including basic cognitive neuroscientists and clinical
investigators), and government participated in a consensus building process to identify
constructs and paradigms to be targeted for development as biomarkers. Selection of
paradigms for development as cognitive and imaging biomarkers was based upon rigorous
objective criteria, including construct validity, sensitivity to deficits in schizophrenia, links
to known neural systems and psychometrics and tolerability. The AX CPT was
recommended as both a cognitive and imaging paradigm as reported in peer-reviewed
publications (20, 25). In addition to being informed by the CNTRICS process, the AX CPT
has undergone extensive optimization (for standardization of administration, length of task
and subject tolerability), psychometric characterization and optimization and linkage to
symptoms and functional measures over a 20-year period including most recently through
the 5-site CNTRACS consortium. No other cognitive control task or imaging biomarker has
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had the level of optimization for clinical research and this was the basis of its selection as a
recommended behavioral and fMRI biomarker for the cognitive control construct. The AX
CPT task has been downloaded from the CNTRACS web site by 156 labs across the world,
both university and industry based (26, 27).

With regard to the AX CPT, both the letter and DPX version of the task are recommended as
they are cognitively and functionally equivalent. The CNTRCS consortium validated the
equivalence of these measures in a multisite fMRI study. This task engages frontal parietal
networks supporting the goal maintenance function necessary for proactive cognitive
control, a superordinate cognitive control system that regulates many other cognitive and
emotional processing systems in the brain. Behavioral measures of AX CPT performance
correlate with disorganization symptoms and impaired functioning, as does activation and
functional connectivity of the dorsolateral prefrontal cortex during performance of the task.
In schizophrenia patients, impairment on this task and altered DLPFC function are present at
or prior to the onset of the illness, and remain as fixed deficits across various stages of the
illness (28-32).

The RiSe task was designed by cognitive neuroscientists and schizophrenia researchers to
isolate component processes of long term memory related to dissociable components of
episodic memory encoding and retrieval that are linked to distinct frontal-medial temporal
networks that are differentially affected in schizophrenia. It was identified as a promising
measure through the CNTRICS consensus building process. It has undergone extensive
development, validation and psychometric characterization via the CNTRACS consortium
(33).

The third cognitive measure, auditory vigilance and working memory, has also proven
sensitive to impairments in persons at clinical and familial risk for schizophrenia, and
schizotypal personality disorder as well as in schizophrenia, allowing an analysis of
cognitive competence or vulnerability at different loads, while also tapping into the fronto-
parietal circuitry implicated in psychotic disorders (6, 34, 35). Complete longitudinal
datasets from large numbers of early psychosis patients using these cognitive assessments
will enable investigators to obtain new insights into the neurobiological evolution of
psychotic disorders, the heterogeneity of cognitive function across patient populations, and
how cognitive function early in illness is related to subsequent community outcomes. There
have been promising advances in understanding the role of cognition in the evolution of
illness from smaller single-site studies (36, 37) but we await definitive studies.

With regard to the cognitive assessments, as well as some of the other proposed measures,
we note that not all early psychosis clinic sites will be able to collect all measures. In fact,
we expect that the translational measures will most likely be collected at more research-
oriented sites where there are resources and expertise for more complex procedures. The
CNTRACS tasks were optimized for length of administration and subject tolerability. The
CNTRACS consortium obtained formal tolerability ratings from a large sample of patients
and controls for the experimental tasks that it developed as well as the MATRICS battery.
Tolerability for the AX CPT and the RiSe were comparable to those of the MATRICS (27).
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Neuroimaging
Among brain imaging modalities, we selected both anatomical and functional MRI measures
(Measures #5 and 7, respectively). The oldest of in vivo neuroimaging modalities to be
implemented in psychosis research, anatomical (or structural) imaging has uncovered
significant brain pathology including reduced brain volume, enlarged cerebral ventricles,
cortical thinning, and reduced hippocampal volume (38). Anatomical brain MRI measures
are routinely implemented in all clinical MRI systems and multi-site studies are now
commonplace in the field. Despite this wide availability, first episode psychosis research in
this domain largely consists of single site studies with modest sample sizes, leading to
concern for potential Type | error and poor generalizability. Therefore, broad
implementation of standardized anatomical MRI imaging as a common data element across
early psychosis clinics in the US can be transformative. Anatomical brain MRI data have
been used to predict diagnostic (39), cognitive (40), and social outcomes (41) but systematic
joint assessment of these issues in samples with good generalizability are lacking.

We also selected functional MRI (fMRI), a measure that has been a standard tool in use in
cognitive and systems neuroscience for over 20 years. Functional MRI relies on
measurement of the BOLD signal, which is coupled with neuronal activity and therefore
provides a window onto brain function. Resting state fMRI captures brain activity in the
absence of specific cognitive activity and is widely used for identification of large-scale
neuronal networks consisting of brain regions with coupled activity profiles. Task fMRI, by
contrast, provides unique data regarding activity and connectivity in discrete brain circuitry
in relationship to individual differences in specific cognitive systems. Established methods
exist for combining data in these modalities across sites, including those developed by the
NIH-funded FBIRN consortium and further modified by the CNTRACS consortium (42).
Functional MRI research has transformed the field of biological psychiatry over the past two
decades (e.g.(43, 44). Although early psychosis research should have benefited as well and
there is at least one ongoing multi-site early psychosis project that includes fMRI (45), the
field has not reaped the benefits as much as it should. To maximize the impact of task fMRI
in this battery, we selected tasks that were also used in the cognitive assessments. In settings
where task fMRI is available, the participant can undergo the overlapping cognitive
assessments only once in the scanner. In settings where task fMRI is not available, the
cognitive assessments can be completed offline.

For both anatomical and functional MRI, harmonizing data collected across a large number
of sites without sufficient technical expertise can be a challenge. The Working Group felt
that it was still desirable to include these modalities in the EPSC for two reasons: sufficient
progress has been made for both modalities such that multi-site studies are now
commonplace; and the potential scientific utility of the data to be collected in a large sample
of early psychosis patients is highly significant.

Biochemical Assays

Among biochemical measures, the C-reactive protein (CRP) in serum was included as part
of the EPSC. CRP is a commonly used biomarker of inflammation and tissue damage.
Elevated levels are common among people with chronic inflammatory conditions, but it is
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also useful to measure an acute response. CRP is a nonspecific indicator but is of interest
because of indications that peripheral markers of immune activation and inflammation may
be predictive of a psychotic event (46).

Supplemental Information

The Translational Research panel considered additional constructs such as white matter
integrity, chemical brain imaging, resting state and evoked brain electrophysiology and the
glutathione serum biochemical measure in its deliberations. We concluded that measures for
these constructs require a significant degree of expertise and access to specialized resources
and equipment, and they are therefore not appropriate at this time for inclusion in the EPSC.
Future advances and analyses may allow expansion in these directions. Nonetheless, these
measures provide substantial scientific value if implemented in specialty research clinics.
Therefore, these measures are included in the Supplemental Information portion of the
collection (see Table 1) and would be considered valuable elements of any translational early
psychosis dataset.

DISCUSSION

The translational segment of the EPSC provides a platform for the accrual of large
longitudinal datasets using appropriate translational measures to support early psychosis
research. These datasets will be collected and harmonized within the NIMH Data Archive
and made broadly available to the scientific community. Ultimately, this effort will permit
definitive well-powered analyses addressing major scientific questions in early psychosis
research. We will discuss three potential examples here.

First, trajectories of recovery from a first episode of psychosis are diverse. Overall rates of
symptomatic and functional recovery are higher than what might be expected from clinical
experience, but only a minority of patients recover and the odds are by no means
encouraging (47-51). Multiple groups have examined predictors of recovery in clinical
cohorts they follow. The typical prediction study relies on measurement of a series of
baseline variables and examination of symptomatic and functional improvements over time
using multivariate analyses or hypothesis-driven analyses of specific baseline variables.
Some highlight the role of positive and negative symptoms of psychosis in predicting
subsequent recovery, especially if symptom reduction is sustained for some time (52, 53).
Others find a mixture of symptom and neurocognitive function effects on recovery (54). The
role of demographic variables such as age and gender has been debated with evidence both
pro (55) and con (56). One review of seventy-five studies of early onset psychosis found that
the most replicated predictors of outcome were premorbid difficulties, duration of untreated
psychosis, and severity of negative symptoms at baseline (56). Thus, study of the most easily
accessible clinical and demographic factors has provided modest return, not sufficient for
use in meaningful clinical prediction. Biological predictors of outcome, requiring greater
participant and investigator commitment and cost, have been studied much less intensively,
and none have been replicated. There is debate about their utility (57). Studies to date have
had low to moderate success in predicting outcome in FEP, usually explaining between a
quarter and half of the variance (53, 57-60). Almost all studies to date have examined
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relatively low number of patients (often 100 or lower) typically in single centers, a particular
problem when many variables are being collected and analyzed. Some have advocated for
development of models based on time-varying multimodal data to predict trajectories
following a FEP (61) but this approach has not been fully deployed to date. The PhenX
EPSC provides a platform that can elevate prediction research in early psychosis. The
products of this line of research have immediate clinical import, since clinicians can use
prediction tools to deploy scarce resources where they are most needed (with future poor
outcome patients).

Second, early psychosis patients have variable treatment response. Patients with first episode
psychosis respond well to one or another of commonly deployed treatment modalities such
as antipsychotic medications, cognitive behavioral therapy for psychosis, cognitive
remediation, or even electroconvulsive therapy. Randomized clinical trials (62) and
naturalistic studies (63) often highlight this heterogeneity in treatment response. It is
reasonable to assume that measurable patient-specific factors must underlie this
heterogeneity but these factors have not yet been uncovered. Note that treatment response is
to some extent related to long-term outcomes as discussed above. There is likely to be
overlap in the mechanisms of treatment response and community functioning. However,
there is value in differentiating the two concepts because patient response to antipsychotic
medication is not a good predictor of long-term functional outcomes (42). Standardized
multimodal longitudinal data collection in large numbers of patients using the PhenX EPSC
will facilitate studies of treatment response heterogeneity. This approach would ultimately
provide algorithms of treatment selection based on translational measures obtained at
baseline.

Third, large standardized datasets with cognitive, imaging, and CRP data that can be
generated using the EPSC would also facilitate a deeper understanding of the disease
process and outcome trajectories. In other words, these datasets may offer valuable
mechanistic insights that are not easily available from smaller single-site studies. Such
datasets would also permit the field to apply state-of-the-art computational analytic methods
that may open new avenues of discovery. This optimism can be tempered by the possibility
of selection bias: the poor outcome patients whose data would be the most valuable may also
be the ones who refuse to participate in data collection in research studies.

In addition to these sample research questions, a potential benefit of the EPSC is to improve
communication and collaboration between translational researchers and community-based
clinics that offer specialized care for persons with early psychosis. Common approaches for
defining cases, assessing moderators, and measuring outcomes could facilitate new
opportunities for practice-based research, potentially bringing many thousands of service
users and family members into studies that address questions of common interest.

Conclusions

There is great unmet need for improving outcomes in psychotic disorders. The early phase
of psychosis is a critical period for making a positive impact on patient trajectories. Recent
developments in research and clinical care delivery in early psychosis point to a promising
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future. We hope that the PhenX EPSC will provide a vital new set of tools that will assist the
early psychosis research and clinical care communities in this mission.
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