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ABSTRACT

Introduction: Sensor-based digital health technology (DHT) has emerged as a promising means to
assess patient functioning within and outside clinical trials. Sensor-based functional outcomes (SBFOs)
provide valuable insights that complement other measures of how a patient feels or functions to
enhance understanding of the patient experience to inform medical product development.

Areas covered: This perspective paper provides recommendations for defining SBFOs, discusses the core
evidence required to support SBFOs to inform decision-making, and considers future directions for the field.
Expert commentary: The clinical outcome assessment (COA) development process provides an impor-
tant starting point for developing patient-centered SBFOs; however, given the infancy of the field, SBFO
development may benefit from a hybrid approach to evidence generation by merging exploratory data
analysis with patient engagement in measure development. Effective SBFO development requires
combining unique expertise in patient engagement, measurement and regulatory science, and digital
health and analytics. Challenges specific to SBFO development include identifying concepts of interest,
ensuring measurement of meaningful aspects of health, and identifying thresholds for meaningful
change. SBFOs are complementary to other COAs and, as part of an integrated evidence strategy, offer
great promise in fostering a holistic understanding of patient experience and treatment benefits,
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particularly in real-world settings.

1. Introduction

Inclusion of the patient voice has become an increasingly vital
component of medical product development [1,2]. Patients pro-
vide uniquely valuable insights into their lived experiences with
a disease or treatment. Gathering their perspectives on symp-
toms, impacts, and treatment outcomes ensures that medical
product development is more aligned with the needs of patients
and that the resulting information about treatment risks and
benefits is tailored to better inform treatment decision-making
in clinical practice [2,3].

Clinical research and development efforts to measure out-
comes aligned with what matters most to patients must prioritize
patient engagement as well as the collection and integration of
patient experience data (PED). Generation of these data can
include the use of clinical outcome assessments (COAs), which
are measures that ‘describe or reflect how a person feels, functions,
or survives' (Figure 1) [4]. There are currently 4 types of COAs:
patient-reported outcome (PRO) measures, observer-reported out-
come measures, clinician-reported outcome measures, and perfor-
mance outcome (PerfO) measures [5]. These COAs may be
collected through electronic COA systems or platforms (e.g. elec-
tronic PRO measures) using digital health technology (DHT),
broadly defined as ‘a system that uses computing platforms, con-
nectivity, software, and/or sensors for healthcare and related uses’

[6]. In addition to the use of DHTSs to collect COA data electronically,
sensor-based DHTs have emerged as a promising means to gather
high-quality clinical data efficiently from patients in their daily lives
via sensors.

Sensor-based DHTs may be external, ingestible, or implanta-
ble and can exist on, outside, or within a patient [7]. Notably,
sensor-based DHTs enable use in real-world settings and allow
for frequent or continuous data collection [8]. Therefore, these
tools are of particular interest for gathering data on a variety of
clinical measures outside of a clinical setting. Recently, sensor-
based functional outcomes (SBFOs) have emerged as a means to
obtain data directly from patients on key non-task-based func-
tional outcomes both within and outside the clinic, providing
a valuable opportunity to reflect a patient’s lived experience. This
perspective paper outlines recommendations for defining SBFOs,
describes how SBFOs enhance understanding of the patient
experience, discusses the importance of a patient-centric focus
and an integrated approach to SBFO development, and consid-
ers future directions for the field.

2. Terminology and definition of an SBFO

While the United States Food and Drug Administration (FDA) and
European Medicines Agency (EMA) provide a broad definition of
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Article highlights

e Sensor-based functional outcomes (SBFOs) offer the ability to pas-
sively capture physical movement, activity levels, sleep measures, or
other parameters in a manner associated with reduced patient
burden.

e SBFOs may offer a unique approach to collecting data on functional
outcomes that cannot be accurately or conveniently collected using
other methods.

e SBFOs can substantially add to our understanding of treatment
effects across a variety of therapeutic areas by providing further
context to study endpoints.

e The combination of SBFOs and other clinical outcome assessments
(COAs), including patient-reported outcome measures, can provide
a comprehensive, reliable, and valid evaluation of the patient’s
experience.

o Further refinement of existing frameworks for COA development is
needed to reflect SBFO-specific considerations and attain the best
approach to developing patient-centered SBFOs that are part of an
integrated evidence plan and regulatory engagement strategy.

DHTs [6,9], a lack of consensus remains on the appropriate term to
describe assessments of functional outcomes leveraging measures
derived from sensor-based DHTs. Establishing a common termi-
nology would promote innovation within this space by ensuring
effective communication and collaboration among stakeholders.
In recent years, several different terms have been used to describe
such outcome assessments [6,8,10-12]. Additionally, recent review
articles have highlighted the need to standardize terminology to
encourage more effective communication around these technol-
ogies [13-15]. Notably, the European Federation of Pharmaceutical
Industries and Associations raised a call to action among stake-
holders, proposing the establishment of a common lexicon to
support standardization and increase regulatory acceptance in
this field [14].

The term SBFO is proposed here as having the advantages
of including the term sensor, which acknowledges the source
or type of DHT data, and focusing on sensor-measurable
aspects of clinical benefit (i.e. functioning) as opposed to
feeling or survival, while excluding the term device, which
has a specific meaning within regulatory context unrelated
to sensor technologies for remote patient monitoring [16].
SBFOs can be defined as non-task-based functional outcomes
collected and derived using mobile sensor technology directly
from patients in both clinical and real-world settings
(Figure 2).

It is important to distinguish an SBFO (i.e. the outcome)
from the type of sensor-based DHT being used to assess the
SBFO (i.e. the technology). Sensor-based DHTs provide
a means to collect data in a free-living setting. While some
of these technologies may be used by and benefit both
patients and consumers, SBFOs specifically use sensors to
measure patient outcomes (i.e. non-task-based functional out-
comes) that are linked to clinical benefits meaningful from the
patient perspective. For instance, wearables are a type of
sensor-based DHT that offer a means to collect data on gait
parameters (e.g. walking bouts at a defined cadence); using
these data, an SBFO evaluates a specific functional outcome
that matters to patients (e.g. functional impact of disease on
sustained walking ability). Because SBFOs are assessments that

describe how a person functions, it is feasible that they may
be considered another type of COA.

In addition, sensor-based DHTs can also be used to admin-
ister and measure PerfOs (e.g. performing a range of motion
exercise directed by an app) [4], measure surrogate or inter-
mediate endpoints in clinical trials (e.g. sensor-based outcomes
predictive of mortality or hospitalization, such as real-world
walking speed [12,17,18]), or measure an indicator of normal
biological or pathogenic processes or biological responses to an
exposure or intervention (e.g. sensor-based biomarkers [blood
pressure and other hemodynamics; blood glucose data col-
lected via a continuous glucose monitor]) [12,19]. Importantly,
these various uses fall along distinct points on a continuum
providing evidence of direct to indirect clinical benefit - for
instance, biomarkers provide indirect evidence of clinical bene-
fit, while certain SBFOs may relate directly or more indirectly to
concepts of interest that are important to patients and there-
fore must always be linked to clinical benefit with appropriate
evidence (Figure 2). Aligning on these definitions and distinc-
tions is essential for collaboration in SBFO development efforts.

3. SBFOs to enhance understanding of patient
experience

SBFOs may be erroneously perceived as introducing greater
objectivity by replacing subjective human observations or
responses. However, thoughtfully developed, patient-centered
SBFOs do not replace the patient’s voice but rather enhance it by
offering a different approach to PED collection, including the
potential to collect information on novel health concepts, or
a new way to measure existing health concepts more accurately,
conveniently, or frequently. Furthermore, data generated by
SBFOs complement the evidence generated from COA measures
reported directly from patients, clinicians, or observers. Key
examples are SBFOs that passively measure a patient’s physical
activity during routine daily living via wearables (mobile sensors
incorporated into clothing or accessories worn on the body [7]),
providing additional context to patient-reported measures of
physical activity and activities of daily living. Other examples
include external movement monitors and under-mattress pres-
sure mats, which may be used to complement COAs evaluating
sleep parameters such as total sleep time, sleep disturbance, and
sleep quality.

Overall, SBFOs provide key insights into patients’ function-
ing in daily life and may foster a holistic understanding of
patients’ experiences with their condition or treatment in both
clinical and real-world settings. The use of these complemen-
tary data sources as part of an integrated evidence strategy
has significant potential to enhance patient centricity in med-
ical product development.

4. Importance of the patient perspective in SBFO
development

As the field of SBFOs evolves and new technologies emerge, it
is critical to ensure that the integration of the patient perspec-
tive remains at the forefront of SBFO development and that
evidentiary requirements for robust COA development are
considered alongside requirements for development of DHT.
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Clinical Outcome Assessment (COA)

A measure that describes or reflects how a person
feels, functions, or survives®

Example: patient-reported outcomes measures such as
the SF-12v2 Health Survey

®

Intermediate Endpoint

A measure of a therapeutic effect that is considered
reasonably likely to predict the clinical benefit of a drug®

Examples: an effect on irreversible morbidity and mortality

&

Surrogate Endpoint

An endpoint that is used in clinical trials as a
substitute for a direct measure of how a patient feels,
functions, or survives®

Examples: systolic blood pressure, tumor size reduction

Digital Health Technology (DHT)

A system that uses computing platforms,
connectivity, software, and/or sensors for healthcare
and related uses®

Examples: mobile health apps, wearables, medical devices

Patient Experience Data (PED)

Data that are collected by any persons and are
intended to provide information about patients’
experiences with a disease or condition®
Examples: Data on disease symptoms and impacts, health-related

quality of life, disease and treatment burden, patient preferences for
outcomes and treatments

Wearable

Mobile sensors incorporated into clothing or
accessories that can be worn on the body to monitor
information related to health®

Examples: wearable activity monitor to detect steps, patch worn to
measure heart rate

Figure 1. Definitions and Terminology Related to SBFOs.
2US Food and Drug Administration [4].

bUS Food and Drug Administration [6].

US Food and Drug Administration [18].

d4US Food and Drug Administration [5].

“Walton et al. [7].

The good measurement principles for development of fit-for-
purpose COAs detailed in the FDA’s Patient-Focused Drug
Development (PFDD) guidance series [20-23] are applicable
to the development of any patient-centered measure, inclu-
sive of SBFOs and regardless of the final reporter or means of
data collection. Specifically, when developing an SBFO, evi-
dence must be gathered to demonstrate that the SBFO cap-
tures or reflects aspects of health that are relevant and
meaningful to patients [20-23]. Additionally, the FDA’s gui-
dance ‘Digital Health Technologies for Remote Data
Acquisition in Clinical Investigations’ [6], as well as the EMA’s
qualification of digital technology-based methodologies gui-
dance [9], highlight the advancement of DHT for the remote
capture of PED. In addition to FDA and EMA guidance, several
initiatives are underway to generate guidelines and frame-
works for the development of sensor-based DHTs [24-26].

However, aligning SBFO development with PFDD qui-
dance aimed at COA development (Figure 3) presents multi-
ple challenges and considerations. Teams beginning to
develop a new SBFO must consider how SBFOs fit into the
COA development process, as well as how and when to
engage patients to best inform SBFO development.
Determining how to best incorporate key methodology (e.g.
concept elicitation, cognitive debriefing) associated with
COA development into SBFO development requires detailed
considerations specific to sensor-based technologies. Like
any COA, an SBFO should be built upon a well-defined and
patient-centered concept of interest and context of use. As
such, ensuring opportunities for patient engagement and
early input from diverse and representative patients and
caregivers is important for successfully developing an SBFO
that measures what matters to patients.
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®

Biomarker

A defined characteristic that is measured as an indicator
of normal biological processes, pathogenic processes, or
biological responses to an exposure or intervention;
does not measure how patients feel, function, or survive?®

Examples: blood glucose (measured via continuous glucose monitor)

O
0.0
Vo
Observer-Reported Outcomes (ObsRO)

A clinical outcome assessment based on an
observation by someone other than the patient or
healthcare professional®

Examples: report by a parent of behaviors in an infant patient,
count by a care partner of seizure episodes in a patient

T

Performance Outcomes (PerfO)

A clinical outcome assessment based on
a patient undertaking a standardized task while
following instructions?

Examples: a timed walk test, a memory recall test

Clinician-Reported Outcomes (ClinRO)

A clinical outcome assessment based on a
healthcare professional’s observation of a patient?

Examples: the Psoriasis Area and Severity Index,
the Hamilton Depression Rating Scale

G-

Patient-Reported Outcomes (PRO)

A clinical outcome assessment based on a patient’s
direct report?

Examples: numeric rating scales of pain intensity or duration

Q)

Sensor-Based Functional Outcomes (SBFO)

Non-task-based functional outcomes collected and
derived using mobile sensor technology directly from
patients in both clinical and real-world settings
Examples: measurement of a patient's physical activity or sleep

using a wearable activity monitor or under-mattress pressure mats
monitoring sleep

Figure 2. Continuum of evidence measuring direct or indirect clinical benefit.

2US Food and Drug Administration, National Institute of Health Biomarker Working Group [12].

bSurrogate endpoints and intermediate endpoints.

Notes: Dotted arrows indicate potential movement along the continuum based on concept of interest and context of use. Sensor-based functional outcomes, performance outcomes, and

biomarkers may use sensor-based digital health technology as a mode.

Ideally, patient engagement research should be con-
ducted to identify concepts that matter most to patients in
the context of their lived experience; this knowledge may be
used to inform all patient-centered measures and endpoints

holistically across measure types. Following alignment on
patient-centered outcomes relevant for a particular context
of use, thoughtful determination of measures and endpoints
is required to select and/or develop measurement tools that
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Figure 3. Patient-Centered COA Development Process.
COA = Clinical outcome assessment.

appropriately assess the concept of interest and yield inter-
pretable scores in the intended context of use.

5. An integrated evidence approach for SBFO
development

Developing an SBFO that contributes important evidence to
enable a holistic understanding of the patient experience
requires an integrated endpoint and evidence strategy that
includes multiple complementary measures focused on
patient-relevant outcomes. A multidisciplinary approach that
brings together the skills of COA measurement, digital health,
patient engagement, technology development, and regulatory
science is critical for enabling the development of SBFOs that
capture or reflect patient-centered outcomes, complement
information provided by existing COAs, and meet regulatory
requirements. Achieving alignment on the value of an SBFO in
the context of a development program is essential before
initiating development of the SBFO or incorporating it into
an overall PED strategy and evidence generation plan.

SBFOs should be considered when they enable measure-
ment of a new outcome, optimize the measurement of an
existing outcome, improve the patient experience, or improve
clinical trial agility or efficiency. When using SBFOs in clinical
trial research to inform regulatory decision-making, the same
evidentiary standards used in COA development to demon-
strate relevance, reliability, validity, and interpretation must be
followed to ensure the concept measured can be linked back
to a patient-relevant outcome. There may be instances in
which SBFOs are a necessary mode of assessing a concept of
interest (e.g. an SBFO measuring continuous nocturnal
scratching behavior in a real-world setting due to recall bar-
riers during sleep [27,28]) or may singularly measure a concept
of interest with robust evidence. However, in most cases, an
SBFO will not replace the use of other COAs but instead will
generate additional, complementary data to contextualize
information provided by COAs and further support the evalua-
tion of key concepts of interest. For example, an SBFO asses-
sing sleep generates data to complement patient-reported
measures of sleep quality and outcomes, such as daytime
tiredness; an SBFO assessing scratching episodes generates
data to complement patient-reported measures of itch sever-
ity. The use of SBFOs in combination with other COAs also

interviewing - Validity

0 FEER UG « Sensitivity

« Revise

questionnaire » Meaningful change to

inform responder
definitions

enables clinical validation and the assessment of trends or
correlations in similar outcomes across various measures.

By using an integrated evidence approach, SBFOs provide
valuable information that further enhances the patient voice in
medical product development and informs both regulatory and
real-world treatment decision-making. However, this is often
tempered by the reality of the current drug development process
within pharmaceutical companies, which is generally aligned by
therapeutic areas and products. Without input from digital
health experts, an SBFO may lack fundamental evidentiary sup-
port of verification, analytic validation, and usability; without
input from experts in COA development and patient engage-
ment research, SBFOs may lack clinical validity and meaningful-
ness to patients. Furthermore, siloed processes that lack an
integrated approach result in insufficient sharing of key learnings
and experiences across programs and therapeutic areas to
appropriately inform SBFO development, potentially leading to
unnecessary duplication of efforts or a lack of implementation of
regulatory feedback across programs. This risk can be mitigated
through multidisciplinary collaboration and engagement with
stakeholders to share insights, ensuring patient-centered SBFOs
provide value and complement information provided by other
COAs.

Once an integrated strategy has been developed to meet
evidentiary requirements for an SBFO, appropriate regulatory
agencies should be engaged to further inform strategy and
regulatory decision-making and promote long-term success.
For many programs, regulatory input on a measurement strat-
egy, inclusive of SBFOs, should be sought as early as possible
and continued throughout drug development (e.g. Type
C meetings [FDA], Innovation Task Force Meetings or Scientific
Advice Working Party [EMA]). A lack of early engagement
increases the risk of not obtaining regulatory alignment on
the proposed SBFO for a specific context of use, delaying
clinical program timelines, or not having enough evidence to
support use as a primary or secondary endpoint.

Consortia efforts, such as the C-Path Digital Drug
Development Tool (3DT) Consortium endeavoring to generate
evidentiary support to develop an SBFO to assess early func-
tional impact of Parkinson’s disease progression [29], exem-
plify an integrated evidence strategy approach, supporting
early regulatory engagement and data sharing in such a way
that both industry and ultimately patients may benefit. The
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3DT Consortium received key early regulatory feedback to
conduct qualitative research among patients with Parkinson’s
disease to support content validity of a potential measure.
Qualitative research supported the relevance of the concepts
of interest as measured to a patient’s daily lived experience
with Parkinson’s disease (‘[The task relates to my] dexterity,
fine motor skills ... It's very similar to typing’) [30]. The
Consortium’s early engagement with the FDA highlights the
importance of patient-centered SBFO development as well as
cross-industry consortia. In parallel with regulatory engage-
ment, collaboration with pharmacoeconomic and health out-
comes research experts may allow for better adoption of
SBFOs for use in real-world decision-making. This may be
accomplished through clinician and payer initiatives that
focus on assessing a medical product’s value, risks, and bene-
fits in real-world settings.

6. Conclusions

The unique ability of SBFOs to continuously capture key insights
meaningful to patients and in settings outside the clinic may
further enhance the patient’s voice in medical product develop-
ment, our overall understanding of patients’ experiences with
a disease or condition, and the effects of new interventions.
When focused on outcomes that patients consider relevant and
important, SBFOs can provide a critical tool to support the devel-
opment of new therapies by providing high frequency, compre-
hensive data that complement and contextualize COAs. However,
further refinement of existing frameworks for COA development is
needed to reflect SBFO-specific considerations and attain the best
approach to developing patient-centered SBFOs that are part of
an integrated evidence plan and regulatory engagement strategy.
Approaching the measurement of patient-centered outcomes
with COAs and SBFOs without an integrated plan for evidence
generation, implementation, and regulatory engagement risks the
collection of data that are not clearly linked to outcomes that
matter to patients and inhibits meaningful interpretation. With
careful consideration of the COA development process and cur-
rent evidentiary requirements, SBFOs may be incorporated in
clinical development programs to support the evaluation of treat-
ment benefit and regulatory decision-making and provide a more
holistic understanding of the patient experience.

7. Expert opinion

By using SBFOs as part of an integrated evidence strategy to
address outcomes that matter to patients (i.e. outcomes that
patients find relevant and meaningful), we can gather more evi-
dence from patients in real-world settings. While an SBFO can
provide direct evidence of a meaningful aspect of health, it will
more typically measure something that is reflective of, or
a selected parameter of, a meaningful aspect of health. However,
identifying concepts beneficial to measure with an SBFO may be
challenging, as patients may not describe the concepts associated
with their disease or condition in terms of a concept measured by
an SBFO. For example, a patient may think about physical activity
in terms of accomplishing tasks or relating to others (e.g. ‘Playing
with grandchildren’ or ‘Doing more for myself around the house’)
rather than as individual activity components, such as step counts

or sit-stand transitions, that would be captured by activity monitor
devices. In these situations, it is important for the research team to
fully understand exactly what the sensor is measuring, what the
outcome of interest is, and what evidence would be needed to
show that the SBFO is indeed reflective of clinical benefit. Mixed
methods research inclusive of both patient-derived and statisti-
cally derived measure identification can be useful in this context.
After identifying the concept of interest, it is important to consider
what types of DHT data will provide the most relevant information
for assessing patient outcomes and to assess the feasibility and fit
of the chosen DHT for recording the intended outcome measure-
ments. However, navigating the complexities around ensuring
that a measure appropriately assesses the concept of interest,
yields interpretable scores, and measures meaningful aspects of
health can be challenging.

SBFOs can complement other types of outcome measures in
a holistic approach to data generation and not as a substitute for
understanding and measuring what is directly meaningful to
patients. For example, measuring step counts should not be
a substitute for asking patients how difficult it is to walk; measuring
scratching behavior should not be a substitute for asking patients
about itch severity. Within an integrated evidence framework,
SBFOs either can serve as their own standalone endpoint (e.g. an
increase in physical activity volume) or be used to help interpret or
contextualize another endpoint. For example, a pain study might
include an endpoint that evaluates pain severity and incorporates
SBFO-measured activity into the endpoint - if a patient’s low back
pain level remains the same over time but the patient has become
more active, this could indicate improvement. Conversely,
a patient who chooses to significantly limit mobility to avoid low
back pain may report reduced pain scores only because they are
not moving, which could be more indicative of adaptation to low
back pain than a true improvement in their condition.

As the field evolves, SBFOs may also be developed to interact
with other types of COAs. For example, when a sensor detects
movement (e.g. walking up the stairs) or activity level, it could
trigger a PRO measure to assess shortness of breath or fatigue.
This may be helpful in therapeutic areas marked by symptom
exacerbations during activity (e.g. chronic obstructive pulmonary
disease or heart failure) or muscle weakness/exercise intolerance
(e.g. cancer, chronic fatigue syndrome). This type of interactive
approach would complement and possibly improve upon PRO
measures that are asked only at the end of each day or week.

Increasing interest in sensor-based DHTs has led to the develop-
ment of multiple recommendation articles, guidelines, and frame-
works describing their development, including those by the C-Path
Institute’s Consortia, TransCelerate, Clinical Trials Transformation
Initiative, Drug Information Association, and the Digital Medicine
Society (DIME) [7,16,24-26,311. For instance, the C-Path Institute PRO
Consortium developed a conceptual model to support the founda-
tion of a sensor-based assessment of physical activity for use in
clinical trials assessing congestive heart failure [32]. Additionally,
DiME outlined a multi-stakeholder framework to address evidentiary
requirements necessary for developing digital clinical measures in its
playbook and defined a sequential framework of core principles for
selecting and developing digital sensor-derived measurements that
are meaningful for patients [16,33]. Furthermore, a multidisciplinary
collaboration including the Clinical Trials Transformation Initiative,
DIiME, and industry authors defined evidentiary requirements to
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support the use of mobile sensor technology for COAs [7] that
parallel evidentiary requirements for COA development.

Several key elements of these existing frameworks apply to
SBFO development and serve as a valuable starting point for
developing an evidentiary framework for SBFOs. Importantly,
all the existing frameworks begin with identifying key con-
cepts considered meaningful from the patient perspective to
inform endpoint definitions and selection of appropriate tools
for assessment. However, to better support the alignment of
SBFOs with COA development, we recommend further refine-
ment of these existing frameworks.

Incorporating COA development methodology into the SBFO
development pathway presents certain challenges and requires
SBFO-specific considerations. These include accounting for potential
technology barriers; providing evidence to support that an SBFO is
measuring a concept that is meaningful in patients’ daily lives or is
providing useful complementary information; including opportu-
nities for statistically derived measure identification together with
patient-driven approaches to development; and determining the
method by which meaningful change is measured. Meaningful
within-person change thresholds are essential to enable robust
inferences from clinical trial data. However, challenges in identifying
meaningful change thresholds may be more pronounced when
using SBFO measures, as sensors may provide more indirect mea-
sures of clinical benefit compared with other COAs. There is also
a need to bring COA development expertise together with DHT
expertise, using both qualitative and quantitative research
approaches to determine how to best incorporate SBFOs and
other COAs into an integrated evidence strategy. Thus, we propose
merging the unique aspects of the existing evidentiary frameworks
with SBFO-specific considerations to develop one framework
focused on (1) understanding the patient experience; (2) identifying
the right way to measure the patient experience (e.g. COAs, SBFOs,
or other approaches); and (3) developing measures, if needed, and
unique considerations for SBFOs. Such a framework would facilitate
the development of patient-centered SBFOs that reflect clinical out-
comes that matter to patients.

We believe SBFOs hold tremendous potential that will be
unlocked as we learn more about the selection and appropriate
implementation of these measures in clinical trials and the analysis
and reporting of the data generated in a way that maximizes their
value to patients. Potentially hundreds of variables — and thou-
sands of datapoints — can be generated by sensors. Statistically
derived measure approaches, including ‘big-data’ analysis techni-
ques such as machine-learning approaches, can yield important
information about the variables and configurations of multiple
variables that may predict important future outcomes. Outcome
measure development derived from big data sets in this way may
diverge from COA development, which starts with concept elicita-
tion, but may still yield outcome measures that are informative and
related to important aspects of health or survival. Relating statisti-
cally derived measures back to a conceptual framework (a holistic
representation of the specific meaningful health aspects to sup-
port clinical benefit and how they will be measured) is an impor-
tant step. This may be supported by existing published evidence,
such as cognitive interviews with patients/caregivers, expert opi-
nion, or data anchoring the predictive value of the measure in
relation to other important clinical outcomes.

The data streams generated by sensors can be used in conjunc-
tion with other data sources to holistically assess patient experi-
ences with treatments as part of clinical research and for regulatory
decision-making. This real-world evidence allows for evaluating
the effectiveness of drugs, providing complementary evidence
toward the totality of the evidence for drug approval. As the field
evolves, we envision SBFOs being regularly implemented in clinical
trials and used to support endpoints that enhance the patient
voice in medical product development.
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