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Analigned frameworkof actively collected
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Regulators increasingly require clinical outcome assessment (COA) data for approval. COAs can be
collected via questionnaires or digital health technologies (DHTs), yet no single resource provides a
side-by-side comparison of tools that collect complementary or related COA measures. We propose
how to align ontologies for actively collected andpassivelymonitoredCOAs into a single framework to
allow for rapid, evidence-based, and fit-for-purpose measure selection.

Selecting endpoints for a clinical study is complex and research-intensive.
Determining the “right” endpoints—those that demonstrate safety, efficacy,
and measure concepts that matter1 to patients—is required for regulatory
approval and reimbursement. Patient outcomes can be classified as
biomarkers2, which represent a physiological process, or as clinical outcome
assessments (COAs)3, which reflect how a person feels, functions, or
survives2. Traditionally, COAs are collected through “active” completion of
questionnaires by patients (PROs), clinicians (ClinROs), or observers such
as care partners (ObsROs); or through completion of a standardized task
(a PerfO). Measures from sensor-based digital health technologies (DHTs)
can be either biomarkers or COAs, as others have described4.When a DHT
is reportingCOAdata, the data are considered “actively collected” (a PerfO)
if the participant is performing a standardized task (e.g., the 6-minute-walk
test or the endurance shuttle walk test), as the standardized task can lead the
participant to “actively” influence or inform the data collected at the time. If
the DHT is passively monitoring a participant’s real-world activity, it is
considered a DHT-Passive Monitoring COA5 (Fig. 1).

When selecting which COAs will represent study endpoints,
researchers can identify a questionnaire, standardized task, DHT, or
combination thereof that can potentially measure the same or related
outcomes (Supplementary Fig. 1). Questionnaires and standardized tasks
provide a point-in-time perception or measurement, whereas COAs
collected by aDHTcan deliver continuous, “real-world” information. The
use of DHT-Passive Monitoring COAs is growing, though they are more
commonly used to supplement rather than substitute themore established

COAs. All of these data-collection options deliver value, but it is critical to
determine how each is best suited to the research question at hand. Tra-
ditionally, researchers have had to review literature, published trial data,
and various databases to determinewhich tool is well validated andfit-for-
purpose to collect evidence within their context of use. This process is
labor- and time-intensive.

Many databases use an ontology to organize, label, and categorize data
elements so that users can understand and explore the data presented.
Databases organizing COA data include Mapi Research Trust’s ePRO-
VIDE™ (https://eprovide.mapi-trust.org/) andHumanFirst’sAtlas™ (https://
www.gohumanfirst.com/atlas/platform), as well as open-access resources
such as Northwestern University’s HealthMeasures (https://www.
healthmeasures.net/index.php) and Digital.Health (https://digital.health/).
We propose that there is enough alignment between existing ontologies to
generate a single framework, allowing researchers to identify and then
compare all actively collected versus passively monitored tools for the same
or similar concepts.

When evaluating whether to use questionnaire(s), DHT(s) and/or
standardized task(s), researchers ask: “Is the tool well validated inmy target
population?,” “Does the tool directly/indirectly measure a concept that is
meaningful to patients?,” and “Can the tool be deployed (e.g., shipped,
translated, operated, etc.) in my geographic regions of interest?” For drug
development research, they question: “Are the data robust enough to sup-
port regulatory approval?”Aunified frameworkwould offer both utility and
efficiency gains by addressing these questions in a single place. It would also
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enable exploration for broader queries such as: “Which questionnaire(s),
DHT(s), and standardized tasks have been used to measure COAs relevant
to atopic dermatitis?” or “How has scratch been measured actively and/or
passively?”

To assess the feasibility of this aligned framework, we began by com-
paring the ontologies underlying actively collectedCOAs fromePROVIDE™
and passively monitored COAs from Atlas™ (Supplementary Fig. 2). We
selected these proprietary databases because of their breadth and depth, but
so long as a defined ontology is used, open-access resources can also be
aligned. Therapeutic area, medical condition, and intended population can
serve as anchor points to map COAs to one another. Other data elements,
suchasdomain/concept of interest andobjective/measures, couldbe aligned
after subject-matter experts collaborate to develop a consensus on appro-
priate definitions. Data elements that are unique to an actively collected
COA (e.g., translations, question types) or a passive-monitoring COA (e.g.,
API availability, sensor type) should be retained. These are important for
practical considerations, such as accessibility or usability.

With the conceptual alignment defined, we then developed an actual
proof-of-concept. For researchers designing a clinical study—for example,
“A phase 3 study of drug XY1234 for atopic dermatitis (AD)”—this fra-
mework couldhelp identify aPROfor the perception of itch (pruritus) and a
sensor for thepassivemeasurementof scratching (Fig. 2).These are cardinal,
complementary symptoms of AD that matter both clinically and to the
patient. This framework demonstrates that the Worst Itch Numerical
Rating Scale (WI-NRS) questionnaire and actigraphy align for both the
therapeutic indication (atopic dermatitis) and the concepts of interest (itch
and scratch). The WI-NRS reports the participant’s assessment of itch
severity over the past 24 h, whereas actigraphymeasures scratch frequency,
duration, and intensity through continuous passive monitoring.

This comparison enables fit-for-purpose measure selection for this
clinical study. For example, researchersmay decide to use only actigraphy in
a pediatric population, for whomaPROmight be difficult to administer. Or
if used together, actigraphy could measure objective changes in the fre-
quency, intensity, and duration of scratching and the PRO would serve to
contextualize these changes in terms of a change of itch intensity.

Researcherswould expect to see directional reductions in bothmeasures as a
potential positive response to therapy.

As anadditional exampleof the framework’s utility,wepresent another
use case to compare the St. George’s Respiratory Questionnaire (SGRQ)
with the StradosTM Labs’RESPBiosensor (Supplementary Fig. 3). The active
and passive measurement of cough is relevant to a number of pulmonary
conditions and has received renewed interest with the COVID-19
pandemic.

We then demonstrate how the framework could be used as part of
developing a schedule of assessments for the study described above in Fig. 3.
In this example, a researcherwould begin by searching the framework for an
indication of interest, narrowing to the meaningful aspect of health and
concept of interest, and then “filtering” the data based on a measure of
interest. The framework would display results based on these instructions
and present a subset of data (such as number of publications and validation
information) thatwould help the researcher select items to further compare.
The researcher can “drill down” intomoredetailed information for each tool
as well, and then return to the search/compare view. Comparison and drill-
down can be iterated to help the researcher select fit-for-purpose tools for
evidence collection. The researcher could use the information generated by
the framework along with the frequency and cadence of each COA, the
defined dosing schedule, and other study-specific criteria outside of the
framework to develop a schedule of assessments for their clinical study.

We emphasize the importance of subject-matter expert collaboration
to alignmore complex data elements within this framework. This allows the
framework to display complementary elements, such as the sensation of itch
compared with the physical action of scratch in Fig. 2, as well as identical
elements, such as comparing coughwith cough as shown in Supplementary
Fig. 1.

Decisions to select fit-for-purpose tools for measures have been made
formany years now, but through laborious research and comparison. Once
those decisions are made, the evidence may or may not become available
publicly—leading the next researcher to repeat the burdensome process
again. The effort and difficulty of the current process results in many
researchers struggling to select endpoints, mimicking prior studies’

Fig. 1 | Patient outcomes are either a biomarker or a clinical outcome assessment (COA), and COAs can be collected passively or actively. Icons are by flaticon.com.
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Fig. 2 | An excerpt of aligned data elements to compare theWI-NRS with actigraphy for the measurement of itch. 1Content available withinMAPI Trust’s ePROVIDE™
platform (https://eprovide.mapi-trust.org/). 2Content available within HumanFirst’s Atlas™ platform (https://www.gohumanfirst.com/atlas/platform).

Fig. 3 | Using the aligned framework to identify and compare measurement tools to develop a clinical protocol schedule of assessments. 1Content available within
HumanFirst’s Atlas™ platform (https://www.gohumanfirst.com/atlas/platform).
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endpoints despite not representing real-world data, a general lack of focus
on relevant endpoints and the inability to correlate or supplement actively
collected data with passively collected data. The long-term value of this
framework is its living, dynamically updated repository of evidence to
encourage the collection of both actively-reported and passively-collected
data. For example, both AtlasTM and ePROVIDETM are maintained through
automated and semi-automated mechanisms with reviews for quality and
accuracy. These techniques also drive the aligned framework to maintain
up-to-date information in addition to historical findings.

While this framework overcomes many current issues, decisions will
still need to bemade by trained researchers. The quality of the evidence, the
similarity of the populations of interest, and ensuring the COA’s validation
is sufficient for the intended purposes are critical factors to both actively
collected and passive-monitoring COAs.

The power of this foundational framework lies in its ability to provide
illustrative, side-by-side comparisons of actively collected and passive-
monitoring COAs, thus enabling rapid, evidence-based selection. Although
not yet comprehensive, this shared language will enable continued
advancement in technologies and tools. Future work will address expanded
use cases as well as more advanced or complex scenarios, such as
composite COAs.

This framework enables more rapid measure selection, which would
decrease study startup timelines, and could allow researchers to reduce the
number of assessments through more efficient endpoint selection. From
2015 to 2021, endpoints in individual trials increased by 37% with an
averageof 25.8 endpoints per trial6. Reducing thenumber of assessmentsper
protocol would reduce the burden on participants, which would lower
barriers to entry and promote continued engagement. This could increase
response rates and reduce issues with missing data, as well as reduce
downstream effort and cost by investigators and research sites. Ultimately,
demonstrating therapeutic efficacy more efficiently will benefit patients
awaiting new ways to better manage or treat disease.

This aligned, dynamically maintained framework is a shared language
to support the industry’s advancements in modern trial design, such as:
• Supporting regulators in assessing and accepting sensor-based

endpoints,
• Developing new ways to validate sensor-based measurements and

eliminate bias,
• Using this large, organized dataset to train language models and/or

generative AI,
• Aligning meaningful-change thresholds to evaluate how the clinical

interpretation of a score on an actively collected COAcompares with a
DHT Passive-Monitoring COA,

• Increasing flexibility in substituting actively collected COAswithDHT
Passive-Monitoring COAs,

• Minimizing rater variability by substituting clinician-reported out-
comes (ClinROs) with DHT Passive-Monitoring COAs,

• Substituting standardized tasks with DHT-Passive Monitoring
COAs7, or

• Developing new ways to validate actively collected COA effectiveness
across various populations, which could lead to more easily adapted
modalities and languages to match the modern pace of language
change.

We believe this framework would encourage the collection of both
actively reported and passively collected data, allowing us to better under-
stand disease burden and promote patient-centric drug development. The
ultimate objectives are to minimize protocol complexity and participant
burden, accelerate clinical studies, and drive innovation in clinical studies to
support drug discovery and approval.

Methods
Terminology definitions
Terminology associated with developing digital technology is currently
evolving and can be highly nuanced. We began by ensuring that the

following terms were accurate and clarified regarding the context of use
within this work. A summary of terminology clarifications is provided
herein, and Fig. 1 was developed to provide a concise clarification of terms
based on reporter, the intent for how the collecteddatamay be used, and the
context of the data collection.

DHT is a broad term that can refer to different uses of digital tech-
nology in clinical research and patient care, such as telehealth, medical
devices, etc. For the purposes of this paper, we used a narrow definition of
DHT that refers to use of sensors in products such as wearables or portable
monitors to capture certain outcomes.

The US Food andDrug Administration (FDA) has not defined how to
distinguish a PerfO from a DHT Passive-Monitoring COA when a DHT is
reporting COA data. We propose that the activity performed by the parti-
cipant during themeasurement classifies it as actively collected (a PerfO) or
passively monitored (a DHT Passive-Monitoring COA), as described
herein. This definition aligns with how the FDA assigned “COA type” in its
Clinical Outcome Assessments (COA) Qualification Program
Submissions5.

Comparison of ontologies and framework development
To generate Supplementary Fig. 2 and assess feasibility, we compared the
ontologies comprising the MAPI Research Trust’s ePROVIDE™ database
and theHumanFirst’s Atlas™ database. Subjectmatter experts compared the
data elements comprised within and aligned which reported the same or
similar content, whether the informationwas actively collected or generated
through passive monitoring. We acknowledged that to present an accurate
and comprehensive alignment of these ontologies, the assessments within
each therapeutic area/condition would require a collaborative evaluation
with clinical and technical expertise. For example,we identified that the data
element “domain” from the ePROVIDE™ ontology and the data element
“concept of interest” from the Atlas™ ontology could be broad (e.g.,
“symptoms” or “quality of life”) or could include clinical terminology (e.g.,
pruritus). Thedata element “objective” in the ePROVIDE™ontology and the
data element “measures” in the Atlas™ ontologymust be carefully evaluated
so that side-by-side and complementary comparisons can be searched and
accurately presented within the proposed aligned framework. We have
provided an example of a side-by-side comparison of “cough” to “cough” in
Supplementary Fig. 2 and an example of a complementary comparison of
“itch” to “scratch” in Fig. 2.

We selected the actively collected COA questionnaires and the DHT
Passive-Monitoring COAs for Fig. 2 and Supplementary Fig. 2 after eval-
uating their breadth of use (e.g., are these examples widely recognized by the
applicable scientific community and do they have robust evidence bases?).
We also evaluated which exemplary comparisons would emphasize the
utility of the proposed framework and would represent a unique con-
tribution as well. We acknowledge that these examples offer simpler com-
parisons, with complex advanced or complex scenarios (such as composite
COAs) reserved for future work.

Finally, we evaluated how the information presented by the proposed
framework would integrate into existing workflows in drug development.
There is tremendous scientific value in consolidating the information pro-
posed within, but our priority was that this information deliver measurable
improvements to patients in urgent need of more efficient and affordable
treatments.

Reporting summary
Further information on research design is available in the Nature Research
Reporting Summary linked to this article.

Data availability
The full ontology that comprises MAPI Research Trust’s ePROVIDE™
database is not available due to its proprietarynature, thoughpartial data are
available for free. The ontology that comprises HumanFirst’s Atlas™ data-
base is also not available due to its proprietary nature, and similarly, partial
data are available for free. These data were used to create Fig. 2 and
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Supplementary Fig. 3. Data associated with the WI-NRS in Fig. 2, the WI-
NRS, the PP-NRS, and 5-D itch scale in Fig. 3, and the St. George’s
Respiratory Questionnaire (SGRQ) in Supplementary Fig. 3 are available at
MAPI Research Trust’s ePROVIDE™ (https://eprovide.mapi-trust.org).
Terms and conditions apply. For further information on availability and
terms of access, please submit a request on the platform. The full dataset
associated with actigraphy in Fig. 2 and the StradosTM Labs’RESPBiosensor
in Supplementary Fig. 3 is available for a fee through a subscription to
HumanFirst’s Atlas™ (https://www.gohumanfirst.com/atlas/platform).
Terms and conditions apply.
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