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Clinical trials have become both increasingly expensive and
less reliable as the focus of therapy development has shifted
to managing chronic illnesses. Wearables and other digital
technologies have the potential to transform clinical trials by
allowing investigators to transition from using occasional—
often subjective—measures of health, such as patient-reported

outcomes, to continuous, objective measures, such as the

} patient’s level of activity or quality of sleep as measured by a

wearable device. These metrics have the potential to be highly targeted and precise.

For example, stride velocity 95th centile measured at the ankle with a wearable device was
recently accepted as a secondary endpoint for ambulant Duchenne muscular dystrophy patients
by the European Medicines Agency.{1} Recognizing the potential of digital endpoints, the
Clinical Trials Transformation Initiative (CTTI) released a series of recommendations, including
a detailed flowchart showing how to develop endpoints, in June 2017.{2} These
recommendations provide a clear path to developing digital endpoints.



The Quest for Qualification and Validation

Despite the potential benefit of digital endpoints and clear guidance on how to qualify them,
getting even one endpoint accepted by regulators still requires significant work. The challenge
comes from the fact that there are literally thousands of potential digital endpoints and more than
100 types of digital sensors, each with its own algorithms and outputs. Even different versions of
the same device will often have different algorithms that generate different results.

There is also a need to validate endpoints on the patient population of interest, as validation on
one patient group might not necessarily mean an endpoint will provide accurate outputs for
another patient group. Therefore, it is very unlikely that a study team will find a prepackaged
solution with a validated endpoint and sensor combination for a pathology of interest. In practice,
this means that clinical trials study teams are faced with the choice of going through the entire
validation process for their particular patient, sensor, and endpoint combination; capturing just an
exploratory endpoint; or abandoning the effort altogether. Further, unless the sensor they use
provides the raw data and the algorithm is available, teams will be tied to that particular sensor if

they choose the exploratory endpoint alternative and want to use it in later trials.

Fortunately, using open-source algorithms can dramatically streamline this process. By using the
V3 validation framework published by members of the Digital Medicine Society,{3} the

validation process can be broken into three logically distinct steps:

1. Verification — verifying that the sensor provides the right data.
2. Analytical Validation — proving the algorithm converts the sensor data into a physical
phenomenon, like steps, accurately.

3. Clinical Validation — ensuring the physical phenomenon is a relevant clinical measure.

The first step, verification, depends only on the sensor. It should be performed by the
manufacturer and should only need to be done once. Assuming verified data, both analytical and
clinical validation depend on the algorithm. By using open-source algorithms, researchers can
effectively share algorithm validation—no matter what sensor was used to generate the data—if

the sensor went through the verification step.



The power of this approach can be demonstrated using atopic dermatitis (eczema) as an example.
There are many potential endpoints of interest with this condition that could be measured using

wearable sensors,{4} including:

e Scratching events per hour

e Number of scratching events
e Scratching duration per hour
e Total sleep time

e Wake after sleep onset

e Sleep efficiency

There are already open-source algorithms that address these endpoints. For example, Pfizer has
developed software called Scratch.PY that calculates all these endpoints for nocturnal scratching,
based on data from a wrist-worn accelerometer.{5} Pfizer has performed significant validation
studies on this algorithm, and it is free for anyone to use. Researchers that employ Scratch.PY
can build on this significant validation effort. Furthermore, if they publish their research, that
strengthens the foundation for future researchers looking to validate endpoints for their studies.

A great example of how a validation foundation can be built steadily over time is provided by an
open-source package called GGIR, which generates a wide variety of activity and sleep
endpoints from wrist-worn accelerometer data. More than 300 peer-reviewed papers have used
GGIR, including more than 90 published in just the past year.{6} Hundreds of thousands of

participants have been studied in a wide variety of therapeutic areas.

Table 1 summarizes a small selection of the studies performed using GGIR to process the

data.{7} No single organization could match this level and rate of research.



Table 1:

STUDIES PERFORMED USING GGIR DATA PROCESSING.

Therapeutic . . Number of
arl\a Patient Cohort Patients (n)
Heart surgery patients [44] 80
Cardiovascular . Stroke ““ﬂ 41
’ Cardiovascular Disease [16] 23,742
Coronary Artery Disease [17] 58
Central Nervous System MusctE)I::nEn}[::c[)]]ng} (18] 12268
Idiopathic inflammatory
) " myopathy [20] 55
Musculoskeletal Muscul%"tr ]ijysirophy [18] 128
Sarcopenia [21] 131
Depression [22] 359
Mental Health Bipolar Disorder [23] 46
Post-Partum Depression [24] 21
Gestational Diabetes [25] 697
Diabetes Type II Diabetes Mellitus [26] 635
Type 1l Diabetes [27] 246
Rehabilitation and Pulmonary rehab patients [28] 79
recovery Bariatric surgery patients [29] 22
Cystic Fibrosis [30] 9
Pulmonary Idiopathic Pulmonary
Fibrosis [31] 35
A Older adults [32] 1.451
ging Post-menopausal women [33] 1.316
Sedentary adults [34] 101
. Obesity [35 1,986
Lifestyle Smokin}g[[BE}] 3,063
General population [37] 85,388
Obese / overweight [38] 208
Children Adolescents [39] 2,526
Children [40] 2.636
Pregnant women [41] 2,317
Pregnant Women Pregnarﬁ and overweight [42] 257

What’s more, all this validation material is available for any sensor that provides accurate
accelerometry data. The GGIR research has used many different types of wrist-based
accelerometers. By using open-source code, researchers are no longer tied to a single device and

can leverage validation and user studies from a wide group of researchers.

The work that has been done to date is just a start for GGIR to achieve approval as a validated
endpoint for a clinical trial. {6} However, once approval has been granted, any organization can
potentially use that approval as evidence for its own trial—even if it uses a different device.
Furthermore, the availability of a large amount of evidence from different therapeutic areas
should make extending the validation to those applications significantly easier. Finally,
consolidating around a de facto standard like GGIR will start to provide a consistent

measurement to be integrated into medical practice.



The Consistency Conundrum

One cannot overstate how important consistent measurements across devices are to using digital
medicine to help treat patients. It would be impossible for doctors to treat patients if every blood
pressure monitor or thermometer relied on its own metrics for measuring these symptoms.
Doctors need to establish consistent normal ranges and thresholds to know how to treat their
patients.

Of course, it is relatively easy for different manufacturers to make their blood pressure monitors
and thermometers comply to the standards without common algorithms, because they only
measure one or two metrics taken at a single time. That is essentially the same as the verification
step for digital sensors. Achieving consistency in digital measures without using a common

algorithm, on the other hand, is far more difficult.

A major value of digital measurements is that they can monitor continuously over a long period
of time to measure subtle changes in health in the real world. This facility is vital to accurately
measure the progression of chronic diseases, which affect more than 50% of the U.S. population
and represent more than 86% of the country’s healthcare costs.{8} However, this means that
rather than measuring a single value at a point in time, huge amounts of data must be aggregated,

consolidated, evaluated, and summarized.

Without common algorithms, achieving consistent results is effectively impossible. By
embedding these algorithms in open-source software, it is possible to ensure consistent results

from the start.

The Challenges

Although the benefits of using open-source algorithms appear quite clear, not all stakeholders in
the industry support them. Some companies believe that they will be able to get their proprietary
algorithms adopted and achieve monopoly profits as a result.

This approach faces immense barriers, not only because of the huge effort required to validate

algorithms and the need for consistency across devices, but also because customers, regulatory



bodies, and healthcare providers all want levels of transparency which are not generally available
with proprietary algorithms. While some companies may succeed at keeping their algorithms to
themselves, the majority of applications being developed by various firms will likely adopt

common algorithms, if not open source.

Moving Forward

Clinical trial sponsors and regulators are starting to play a major role in this movement toward
adopting open-source algorithms. Many of the leading pharmaceutical companies and other
industry organizations are participating in the Open Wearables Initiative (www.OWEAR.org),
which promotes and facilitates the use of open-source algorithms for clinical endpoints. OWEAR
is also working on CTTI’s Novel Endpoints Project. In Europe, Mobilise-D is a major
collaborative program involving industry, academia, and government to develop open-source

algorithms for gait measurement.

More can be done. Sponsors and regulators should strongly encourage the use of open-source
algorithms. Sponsors should share validation material and pre-competitive data more broadly.
Regulators should encourage and facilitate this sharing as much as possible. Through
collaboration, we can accelerate the adoption of these vital tools significantly and help patients

live healthier lives.
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