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Digitally Enabled, Patient-Centric Clinical Trials: Shifting 
the Drug Development Paradigm

Marissa F. Dockendorf1,*, Bryan J. Hansen1, Kevin P. Bateman1, Matthew Moyer1, Jyoti K. Shah1 and Lisa A. Shipley1

The rapidly advancing field of digital health technologies provides a great opportunity to radically transform the way clinical 
trials are conducted and to shift the clinical trial paradigm from a site-centric to a patient-centric model. Merck’s (Kenilworth, 
NJ) digitally enabled clinical trial initiative is focused on introduction of digital technologies into the clinical trial paradigm 
to reduce patient burden, improve drug adherence, provide a means of more closely engaging with the patient, and enable 
higher quality, faster, and more frequent data collection. This paper will describe the following four key areas of focus from 
Merck’s digitally enabled clinical trials initiative, along with corresponding enabling technologies: (i) use of technologies that 
can monitor and improve drug adherence (smart dosing), (ii) collection of pharmacokinetic (PK), pharmacodynamic (PD), 
and biomarker samples in an outpatient setting (patient-centric sampling), (iii) use of digital devices to collect and measure 
physiological and behavioral data (digital biomarkers), and (iv) use of data platforms that integrate digital data streams, visu-
alize data in real-time, and provide a means of greater patient engagement during the trial (digital platform). Furthermore, 
this paper will discuss the synergistic power in implementation of these approaches jointly within a trial to enable better 
understanding of adherence, safety, efficacy, PK, PD, and corresponding exposure-response relationships of investigational 
therapies as well as reduced patient burden for clinical trial participation. Obstacle and challenges to adoption and full reali-
zation of the vision of patient-centric, digitally enabled trials will also be discussed.

The rapidly advancing field of digital health technologies 
provides an opportunity to transform the pharmaceutical 
industry and the way clinical trials are conducted. Although 
the conduct of clinical trials has evolved over the last cen-
tury to improve the unbiased evaluation of new therapies, 
there remain several limitations in the current clinical trial 
paradigm. Pharmaceutical clinical trials are often site-cen-
tric, requiring patients to come to the clinical site for sample 
and data collection. The need to travel to the clinical site 
often restricts the trial population to those that live in geo-
graphic proximity to the clinical site, and, thus, restricts 
who participates and limits patient diversity, leaving many 
patients excluded and underserved.1–5 The current trial 
paradigm provides only static snapshots of data (corre-
sponding to the time of the clinical visit), resulting in lost 
opportunity to monitor end points of disease progression, 
pharmacokinetics (PK), pharmacodynamics (PD), and 
safety and tolerability end points in between clinical vis-
its. Additionally, clinical trial outcome measures may not 
be particularly meaningful to patients or their health care 
providers, and end points may be limited by categorical, 
episodic, subjective assessments that progress slowly, thus 
requiring large, long, expensive clinical trials to enable de-
tection of meaningful change in the end point. Furthermore, 
patient medication adherence and persistence to therapy in 
clinical trials is often low,6,7 limiting the researcher’s ability 
to adequately assess the drug’s safety, efficacy, and expo-
sure-response relationships. Lastly, patients often find the 
clinical trial language confusing and the trial’s expectation 
of what they are supposed to do intrusive into their daily 

lives, limiting the number of patients that participate in clini-
cal trials and threatening the retention of those patients that 
do consent to participate.1–5

The potential benefits of digital health and outpatient 
sampling technologies in clinical trials are tremendous. They 
can enable increased access to the appropriate patient pop-
ulation, reduced patient burden to participate, augmented, 
more informed, objective data sets (both in collecting and 
measuring existing end points at home and in access to new 
end points that would have been impossible to collect in 
the past), increased engagement with the patient, and better 
understanding of the patient experience throughout the trial. 
All these benefits will ultimately improve the patient experi-
ence during the trial and enable improved drug development 
decisions and understanding of drug and disease effects.8

Despite all these potential improvements, the relative “ex-
plosion” in both the number of digital health technologies 
as well as their capabilities, and an increased adoption of 
consumer-grade health-tracking devices in the marketplace, 
adoption of use of such technologies in pharmaceutical 
trials has been lagging by comparison.9–11 Some of the chal-
lenges to pharmaceutical trial adoption include questions 
around patient privacy, lack of sufficient validation for digital 
end points, lack of transparency for calculation of end points 
(“black box” algorithms), challenges related to patient adher-
ence and burden of wearing and using devices, operational 
and data transfer challenges, and regulatory unknowns. 
However, use of digital end points in drug development tri-
als, including as primary and secondary end points and to 
support label claims, is becoming a reality, and “pilot” trials 
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evaluating technologies of interest, often evaluating digital 
end points in comparison to a traditionally accepted clinical 
standard end point, are being increasingly conducted.12–14

The digitally enabled clinical trials initiative at Merck 
(Kenilworth, NJ) is aimed at using innovative, digital technol-
ogies in clinical trials both at the clinical site and in at-home 
settings to reduce patient burden, collect higher quality, 
enrich clinical trial data sets, and ultimately enable more 
rapid and informed clinical decisions. We ultimately aim to 
shift the clinical trial paradigm from one that is site-centric 
to patient-centric. Key areas of focus include (i) collection 
of at-home PK, PD, and biomarker samples (outpatient 
sampling), (ii) use of technologies to monitor and improve 
patient adherence (smart dosing), (iii) use of digital devices 
to collect and measure physiological and behavioral data 
(digital biomarkers), and (iv) development and use of data 
platforms that can acquire the data from digital devices, 
provide real-time analytic capabilities, and maintain patient 
engagement throughout the trial (digital platform; Figure 1). 
Application of these components in clinical trials will lead to 
access to higher quality and previously unattainable data for 
more informed clinical decision making.

This paper describes the four key areas of focus of our 
digitally enabled clinical trials initiative and reviews corre-
sponding enabling technologies. Furthermore, this paper 
discusses the synergistic power in implementation of these 
approaches jointly within a trial to enable a more accurate 
understanding of adherence, safety, PK, and correspond-
ing exposure-response relationships of investigational new 
drugs (INDs) as well as reduced patient burden for clinical 
trial participation. Obstacles and challenges to adoption and 
fully realizing the vision of patient-centric, digitally enabled 
trials are also discussed.

SMART DOSING

Patient adherence is often less than desirable in both re-
al-world settings as well as in clinical trials. Adherence 
to long-term therapy for chronic illnesses in developed 
countries averages 50%, and in developing countries, 

the rates are even lower.15 Exact reasons for patient 
nonadherence can vary significantly across individuals, 
but such factors may be treatment-related (e.g., adverse 
events (AEs)), disease-related (e.g., difficulty swallowing 
and nausea), psychological/social (e.g., stigma of ther-
apy), or even just human nature (e.g., forgetfulness, or 
discontinuation of therapy when an initial positive re-
sponse is achieved).16–20 Lack of medication adherence 
and lack of reliable medication adherence data in clinical 
trials impacts the ability of drug developers to under-
stand whether INDs are safe and efficacious. The ability 
to deconvolute adherence from efficacy and safety is 
critical to inform not only the decision to progress or kill 
an IND, but also to define the therapeutic window of the 
IND and in selection of appropriate doses to progress to 
future trials or to market.

Accurate medication adherence data in clinical trials is im-
portant for scientific decision making; however, the current 
methods for determining patient adherence, which include 
asking clinical trial participants to self-report their adherence 
via a diary and relying on returned pill counts, are severely 
flawed for several reasons, including:

1. Introduction of inadvertent inaccuracy bias (e.g., the 
patient forgets to record their adherence contempora-
neously in their medication diary and instead records 
dosing after the fact);

2. Introduction of advertent inaccuracy bias (e.g., the pa-
tient wants to appear adherent and records their medica-
tion diary as such, even if they have not taken the drug);

3. Lack of contemporaneous and contextual data: a drug 
count of the returned package provides only a static 
snapshot of drug remaining, without any context on 
whether the drug was dosed as prescribed or whether 
it was dosed at all (or potentially discarded).

As a few selected case studies below indicate, there are 
a multitude of examples indicative of the discrepancies that 
exist between patient-reported or pill count-indicated adher-
ence and true adherence as evidenced by PK drug exposure.

Figure 1 Areas of focus for digitally enabled clinical trials.

Outpatient Sampling
Technologies for use in the outpatient setting 
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Smart Dosing
Technologies to more accurately capture 
and/or improve medication adherence
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Device data-acquisition, real-time analytics, 
patient engagement

Digital Biomarkers
Measures collected using digital devices that reflect 
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1. Across clinical studies reported in psychiatric indi-
cations, average nonadherence calculated from pill 
counts was 2.2%, however, an average of 28.9% 
of subjects had a PK sample below the limit of 
quantitation, representing a more than 10-fold dif-
ference in nonadherence measures.21

2. The TOPCAT heart failure outcome trial failed to meet 
its primary outcome; however, there were regional 
discrepancies in the data. In particular, 30% of the 
patients in Russia that reported taking their study 
medication did not, as evidenced by PK analysis.22

3. In a tenofovir-based pre-exposure prophylaxis for HIV 
infection trial among African women, none of the drug 
regimens evaluated reduced the rates of HIV-1 acqui-
sition in an intention-to-treat analysis; however, there 
were large discrepancies between various measures 
of adherence (i.e., subject-reported, returned product, 
and PK analysis).23

Electronic-monitoring “smart dosing” technologies provide 
an automated, impartial, and contemporaneously reporting 
observer to the dosing event, improving the accuracy and 
quality of adherence data,6 and thereby enabling improved 

correlation of dosing to efficacy and safety. These technol-
ogies also may provide medication reminders and allow site 
staff to review patients’ adherence data and counsel them on 
their adherence patterns, improving medication adherence24 
and potentially leading to better clinical outcomes.25,26

There are many different types of smart dosing technolo-
gies, each with different capabilities and considerations, as 
described below and in Table 1.

Smart packaging
The smart packaging category of smart dosing solutions 
encompasses packaging that has embedded micro-cir-
cuitry that records a time/date stamp when the patient/
user interacts with the package or device. For solid oral 
dose drugs, this date/time stamp could be when a bottle 
cap is opened or the foil is pierced on a blister. A smart 
package sensor could also be added to enable automated 
adherence tracking on a drug delivery device (e.g., when an 
inhaler is actuated or when a syringe is removed from the 
packaging). Data are then either transmitted automatically 
from the package (if so, equipped with this capability) or 
an NFC/RFID device extracts the data from the package. 
Smart packaging may also have a companion application 

Table 1 Categories of smart dosing technologies

Category

Smart packaging Photographic documentation via app IST

Description Micro-circuitry capturing time/date of 
patient package interaction (e.g., 
package/cap opening, drug removal, 
actuation)

Use of video (with facial and drug 
identification features) to record and 
visually confirm the drug being taken 
(e.g., ingestion, inhalation, etc.)

Microcircuit co-formulated with drug 
that is activated after ingestion and 
transmits signal of ingestion event to 
an external source

Example 
technologies

• CleverCap (CMT)
• Cerepak, MEMS cap (AARDEX)
• Ellipta inhaler (GSK/Propeller Health)
• Haille™ inhaler (Adherium)
• InPen smart insulin pen (Companion 

Medical)

• AiCure • Proteus
• EtectRx

Pros • Nonintrusive and easy to interact with 
(often no different than a standard 
package)

• Can couple with companion app for 
reminders and patient data collection

• Provides real-time view of patient 
adherence

• Records the drug ingestion process
• Can send automated reminders
• Can be used with any package (does 

not affect product stability)
• Can track any number of drugs via the 

same interface
• Capable of identifying subversive 

(cheating) ingestion behaviors
• Can be downloaded and used on most 

smartphone models (IOS and Android)

• Captures the true ingestion event 
(signal not sent until after sensor is 
in gut)

• Can couple with companion app 
for reminders and patient data 
collection

Cons • Only provides proof of package interac-
tion (not drug ingestion)

• Repackaging into a custom configura-
tion may be required, affecting product 
stability

• May not be capable of sending dosing 
reminder notifications

• May not provide real-time data (depend-
ing on type of smart packaging used)

• May require action from patient or site to 
upload data from package

• Data may be lost if package is lost (if 
data are only stored locally on package)

• Requires use of smartphone during dos-
ing, which may be challenging for some 
patient populations

• May require device provisioning to 
patient (if patient does not have a com-
patible smartphone)

• Requires stable wireless connection to 
transmit data

• Requires the patient to wear an 
external receiver

• Drug must be reformulated or over-
encapsulated with the IST, requiring 
a change in manufacturing process, 
as well as supplemental stability 
studies for the drug + IST

• Increases size of IND, and may have 
size or formulation limitations

IND, investigational new drug; IST, ingestible sensor technology.



448

Clinical and Translational Science

Digitally Enabled, Patient-Centric Clinical Trials
Dockendorf et al.

(app) that sends reminders to either the patient or the site. 
The app could also be used to facilitate telemedicine vis-
its or deliver supplemental electronic clinical outcomes 
assessments (eCOAs) to the patient, as dictated by the 
protocol.

Smart packaging is a nonintrusive way to automatically 
capture adherence data, as the package often appears 
similar to a standard package and is used by the patient 
in the same way. Tracking adherence in this way is most 
valuable in populations with limited faculties, those with 
aversion to technology use, and in cases where it is de-
sired to collect more accurate adherence information 
without influencing adherence (i.e., passive adherence 
monitoring). Smart packaging has been used extensively 
in clinical trials6,27 and is referenced in recent U.S Food 
and Drug Administration (FDA) guidance on enrichment 
strategies for clinical trials as a method that has become 
standard for ensuring adherence.28 In addition, to use in 
the pharmaceutical research and development space, 
there are several examples of FDA approved smart pack-
aging products for use in health care, such as InPen’s 
smart insulin pen system and Propeller Health’s inhal-
er-compatible sensors.

Photographic documentation via an app
Photographic documentation is an emerging category of 
smart dosing and represents app-based technologies that 
use a smartphone camera to confirm the oral dose image, 
confirm patient identity, and film the dosing event. These 
apps can also capture dosing of nonoral dose medications 
(e.g., injector pen or inhaler) and could be used to prompt 
the patient on how to dose using drug delivery devices if 
special instructions are required. These apps can send re-
minders via push notification or text message that a dose is 
upcoming or that a dose has been missed. Data (either the 
dosing event or notification of a missed dose) is transmitted 
in real-time to the clinical site to enable proactive follow-up 
and engagement with the patient. The app could also be 
used to send other types of reminders to the patient (e.g., 
reminders for visits, active remote assessments, etc.), to 
enable telemedicine visits, and/or to deliver supplemental 
eCOAs to the patient.

There are several considerations when deciding 
whether this category of smart dosing technology is right 
for a clinical trial. The patient must be capable of using 
a smartphone, following on-screen instructions, and ei-
ther holding or positioning the smartphone such that it 
is steady and enabling the right field of view during the 
dosing event. As images of patients are being recorded, 
maximum care must be taken with regard to data privacy 
and security.

Photographic documentation has been proven success-
ful in several indications, particularly schizophrenia and 
stroke.29–32 This technology is particularly valuable in popu-
lations that are on multiple therapies, those that benefit from 
close or real-time patient/site engagement, where dosing is 
complex (e.g., requires multiple steps or use of a dose de-
livery device), or where the drug product relies on existing 
packaging for environmental (e.g., moisture/light/oxygen) 
protection.

Ingestible sensor technology
In ingestible sensor technologies (ISTs), a sensor is co-for-
mulated or otherwise combined with the drug of interest. 
The sensor activates on contact with stomach acid and 
transmits a signal. The patient wears a receiver (e.g., in the 
form of a skin patch or jewelry) that receives this signal and 
transmits it to another device with long-range communica-
tion capability (often a cell phone or cell-enabled tablet), 
which sends notification to the cloud that ingestion has 
occurred. Similar to smart packaging and photographic 
documentation, ISTs can also have a companion app that 
can send reminders to the patient or site, enable telemed-
icine, and/or deliver supplemental eCOAs. This type of 
smart dosing technology is particularly useful when it is 
important to confirm the ingestion event. An example of an 
FDA-approved IST drug-device combination product is ar-
ipiprazole tablets with sensor (Abilify MyCite).

Other smart dosing technologies of interest
There are also several newer categories of smart dosing 
technology available for tracking patient adherence:

• Tracer-based biomarkers, co-formulated with the drug. 
A metabolite of the tracer is measured from the pa-
tient via secretion (e.g., blood, saliva, urine, or breath). 
Examples include Xhale Smart and nGageIT.

• Home health hubs that combine social robotics and 
telemedicine with medication dispensing. These act 
as a one-stop-shop for patient convenience and can 
provide social engagement for the patient as well. 
Examples include Pillo Health and Medacube.

• Mobile diagnostics tools, such as at-home test-strips 
that can use patient secretion (e.g., blood, saliva, urine, 
and sweat/skin oils) to rapidly measure presence or ab-
sence of the analyte of interest.

More clinical study is necessary to better determine the 
relative risk/benefit profiles of these modalities of adherence 
measurement.

Summary and implications of smart dosing 
technologies
Smart dosing technologies provide an improved and po-
tentially real-time representation of patient adherence 
that is not possible to obtain through other means. This 
is especially critical when there are factors that predis-
pose the patient to nonadherence, such as nonstandard 
dosing regimens, medication adverse effects, and patient 
populations with historically low adherence rates. Some 
of these technologies also facilitate engagement with 
and rescue nonadherent patients to improve their future 
adherence.

Having more accurate adherence data through smart dos-
ing technologies will allow researchers and drug developers 
to deconvolute adherence from efficacy and safety, resulting 
in less variability in exposure-response analyses and im-
proving decision making for therapies. Furthermore, some 
of these technologies also provide the opportunity to im-
prove patient adherence to therapy in clinical trials through 
medication reminders and real-time data access-enabled 
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follow-up with patients, which may ultimately lead to better 
outcomes for patients25,26 and truer signal of efficacy and 
safety of INDs in clinical trials. In the event of an IND failing 
to demonstrate efficacy in a clinical trial, this technology can 
help mitigate questions as to whether this was due to lack 
of efficacy at the selected dose(s) or a result of medication 
nonadherence within the trial population. Finally, adherence 
has a substantial impact on study power;33,34 therefore, a 
truer signal of adherence may lead to reduction in clinical 
study size.35

At Merck, we have performed clinical pilot testing with 
several smart dosing technologies of interest36,37 and are 
proceeding with use of some of these technologies in IND 
trials, including trials in neuroscience, infectious disease, 
and cardiovascular disease therapeutic areas.

OUTPATIENT SAMPLING

The current gold standard for blood sample collection 
in clinical trials is the collection of venous blood by a 
trained phlebotomist. This generally requires participants 
in clinical trials to travel to a site to have a phlebotomist 
perform the blood draw. Once collected, plasma and/or 
serum is separated from the whole blood and transferred 
to a labeled tube and stored using a controlled-tempera-
ture unit. Samples are then shipped using dry ice to a 
central laboratory for further processing and analysis. 
This approach provides several advantages, including 
well-defined sample quality, chain of custody, and com-
patibility with established workflows. These workflows 
include procurement of supplies, shipping logistics, cen-
tral laboratory sample handling, laboratory information 
management systems, and liquid handling automation 
systems. This is a well-established paradigm for ensur-
ing quality, consistency, and regulatory acceptance of 
PK and blood-based biomarker data from clinical trials. 
However, this approach often puts burden on patients 
and their caregivers to visit the clinical site at specified 
times for sample collection. The consequence of this is 
that compromises are made to reduce the number of 
samples collected in the trial, potentially limiting under-
standing of the drug and its corresponding PK and/or PD 
time course. Furthermore, patients may experience pain 
during venous sample collection, and some populations 
(e.g., pediatric and elderly) have reduced blood volume 
that limits sample collection.

The goal of outpatient sampling is to enable access to 
samples outside of clinical visits to enhance and/or replace 
data collected in the clinic, and, therefore, improve under-
standing of the drug and the associated biology, safety, and 
efficacy. Outpatient sampling can enhance the research-
ers’ ability to arrive at the right answer through access to 
data from samples that otherwise would be impractical 
or impossible to collect in the clinic. The ability to access 
patient-derived samples, such as blood, outside of clini-
cal visits in a convenient and patient-friendly manner has 
the potential to be a disruptive influence on the conduct of 
clinical trials.8 Several potential benefits include reduced 
burden on the trial participant and/or caregiver through 
fewer visits to the clinical site, enhanced/faster and more 

diverse enrollment by attracting subjects from geographies 
not proximal to clinical sites, retention of patients by making 
it easier for them to participate in the trial, added flexibility in 
collection of PK/PD data, particularly in late stage trials, and, 
in the case of microsampling approaches, reduced blood 
volume requirements and potential for improved logistical 
feasibility.36,38,39

At-home collection would provide particular benefit for:

1. disease areas associated with episodic events 
(e.g., asthma, migraine, influenza, etc.), providing 
the ability to collect samples proximal to the time 
of the event;

2. vulnerable and at-risk populations (e.g., elderly, immu-
nocompromised, contagious, etc.) in which there may 
be concerns of potentially endangering themselves or 
others by being in public;

3. long half-life compounds, enabling collection of PK 
samples during the elimination phase without neces-
sitating the need for additional clinical visits;

4. developing understanding of adherence patterns for 
unique or new dosing regimens (e.g., dosing every few 
days, weekly, or monthly);

5. compounds with known safety concerns, enabling 
exposure-response assessments of AEs;

6. more frequent assessment of biomarkers of efficacy 
and toxicity, especially for markers that have a tempo-
ral component (e.g., viral shedding, ctDNA, and viral 
load).

The technology to collect samples outside of clinical visits 
has been around for over 50 years, but the last decade has 
seen an increase in efforts that make sample collection more 
patient-friendly and improve the overall quality of the sampling 
process. The original approach used for sample collection 
consisted of a lancet and a cellulose paper card for collection 
of dried blood spots (DBS).38,40,41 Newer approaches have 
focused on improving the quality of the sample collected to 
enable absolute quantitative analysis methods and making 
sample collection less painful and more reliable. The use of 
dried blood-based approaches reduces some of the logistical 
hurdles associated with venous collection (e.g., refrigerated 
centrifuges and cold chain shipping). Shipping dried blood is 
possible using standard postal services when using standard 
precautions and harmonized guidance are available from na-
tional and international agencies.42 Table 2 provides details 
on current approaches for outpatient sample collection.

Experience with at-home sampling
Currently, the use of at-home sampling has been limited, 
but as experience with this approach and technology 
evolves, adoption is expected to increase. A Merck 
program on the treatment of migraine provided the oppor-
tunity to use at-home blood collection in a clinical trial.39 
Given the episodic nature of migraine, it was not feasi-
ble to collect PK samples in the clinic proximal to when 
the acute migraine events occurred, and these PK data 
were needed to enable exposure-response modeling to 
guide dose selection.43 A DBS assay was developed, and 
DBS sampling was included alongside plasma sampling 
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in a phase I clinical trial in healthy volunteers to ensure 
that the drug concentration from DBS samples were 
well-correlated to that from plasma samples and reliable 
quantitative measurement of drug exposure could be ob-
tained from self-collected samples. Although data from 
a trial participant survey indicated that some found the 
fingerstick samples painful, with >  40% of participants 
finding the experience somewhat unpleasant,39 the pilot 
trial was successful. Drug concentrations from DBS and 
plasma samples were well-correlated and PK variability 
was reduced in the DBS samples.39 At-home and in-clinic 
fingerstick DBS sampling, along with in-clinic plasma 
sampling, were then included in the phase II clinical trial. 
Patients were trained on sample collection in-clinic and 
given a paper diary to record the date/time of at-home 
sample collections. The results indicated much higher PK 
variability for at-home vs. in-clinic DBS samples (113% vs. 
37% residual PK variability)39 and revealed fundamental 
flaws in at-home sample collection that need to be ad-
dressed for this approach to be useful for the assessment 
of PK in future clinical trials. It is well-known that patient 
compliance with paper diaries can be highly variable,44 
and it is likely that errors in paper diary-reported DBS 
sample collection time contributed to the results seen in 
this trial.39

The experience with this trial prompted research into 
finding solutions that were more patient-friendly and 
pain-free and spurred the formation of a dedicated team 
to bring patient-centric approaches to clinical trials. The 
learnings from internal efforts as well as research shared 
by other companies has shaped the direction of at-home 
sampling efforts at Merck. To address the potential for 
bias from the sample collection process onto paper, a vol-
umetric-based approach was adopted.45 Collection of a 
defined volume of blood, when combined with appropri-
ate extraction methodology, has proven to be a reliable 
approach for consistent data quality.46 However, surveys 
of trial participants on the use of fingerstick-based sam-
pling across several studies have shown that participants 
are less likely to accept this method if frequently col-
lected.36,37,47,48 In addition, fingerstick-based sampling, 
even with a volumetric approach, has resulted in incom-
plete or under-sampling in some cases. This has led to 
exploration of alternative methods for blood collection that 
are less painful, more reliable, and simpler to perform. In 
addition, the ability to automatically collect the date and 
time of sample collection is highly desired to avoid po-
tential missing or inaccurate data when this information 
is patient-reported37 as well as recording of information, 
such as temperature during the shipping process to ensure 
sample quality is maintained. Such a capability, although 
not yet standard practice, is in development for a few of 
the technologies listed in Table 2.

As the technology evolves and the adoption of at-home 
sampling increases, the pathway to implementation of this 
new approach will become more defined and robust. The 
use of outpatient sampling approaches, especially dried 
microsampling, requires separate assay validation from 
traditional plasma or serum assay validation, and not all 
molecules will be amenable to this approach, depending Ta
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on assay requirements and compound properties; however, 
bioanalytical aspects have been well-studied, and unless 
the assay requires exceptionally low limits of quantitation 
(e.g., compounds/delivery routes with very low systemic 
exposure), most molecules are amenable to microsam-
pling-based outpatient sample collection. A retrospective 
analysis of Merck’s small molecule clinical programs since 
2016 showed that a majority of compounds were amenable 
to dried blood microsample collection for drug concentra-
tion measurement, based on either direct assay experience 
(67%) or required assay criteria (92%). To date, we have 
completed full assay validation with in vivo clinical bridging 
(dried blood:plasma or serum) for 14 programs, including 
for a therapeutic monoclonal antibody program, showing 
that dried blood sampling is also applicable for biologics. 
Of these, five studies used at-home sample collection as 
part of the study. The strategic integration of dried blood 
sampling has previously been published as well as feedback 
from regulatory interactions.38 The most recent FDA guid-
ance on bioanalytical method validation specifically calls out 
dried blood sampling, highlighting some of the benefits of 
this approach.49 Feedback from regulatory agencies should 
be requested as part of the development plan when using 
outpatient sampling. It has been our experience that regula-
tors see the value in the approach and are accepting of the 
data when supported by appropriate validation and bridging 
experiments.

Beyond the assessment of drug exposure in clinical trials, 
the use of outpatient sampling is suitable for a wide range 
of endogenous molecules.50 The ability to conveniently ob-
tain repeat or longitudinal samples from subjects in clinical 
trials or for general health monitoring is becoming feasi-
ble and will impact how health care is delivered.51,52 Viral 
load measurements from dried blood is one approach that 
could be adopted to at-home sampling to enable infectious 
disease and vaccine research and improve outcomes.53 
Measuring antibody-mediated immunity is critical to evalu-
ate vaccine efficacy and immunity to seasonal and emerging 
influenza viruses and could be greatly facilitated by at-home 
sampling.54 In oncology, the monitoring of tumor-derived 
cell-free DNA is a promising approach to diagnose, charac-
terize, and monitor disease in patients with cancer.55 Recent 
work has shown that it is possible to detect and monitor 
ctDNA from DBS.56 These are but a few examples of where 
outpatient sampling could be applied to improve drug devel-
opment and advance our understanding of human biology.

The current challenges associated with implementation of 
outpatient sampling in clinical trials are mainly related to lo-
gistical and operational aspects. These include things such 
as ensuring proper training materials for trial participants and 
clinical sites on how to collect, store, and ship the samples 
(including translation to other languages if needed), different 
shipping requirements and providers for different countries, 
labeling of collection devices/samples with required bar-
codes to assign to patients, tracking supplies, and expiration 
dates. Sample stability is often highly dependent on tem-
perature and humidity conditions, and, therefore, it is critical 
that the proper sample handling and shipping procedures 
are followed (e.g., inclusion of desiccant), particularly when 
samples are being shipped/stored at room temperature.57 

Furthermore, having some means of confirming patient 
identity of the sample (e.g., DNA fingerprinting) may be im-
portant, particularly in the event of unexpected results.36,37 
Overcoming these challenges requires good communication 
across functional areas and groups, including bioanalytics, 
clinical operations, PK/PD, regulatory, clinical trial sites, and 
central laboratories. The goal is to develop this approach 
to the state where implementation becomes routine and is 
driven by the strategic need of the program for accessing 
data through patient-centric at-home sampling.

As the technology becomes more established, it is antic-
ipated that it will be used more broadly to augment PK and 
PD data sets and provide additional data to inform medica-
tion adherence. In the future, knowing if a subject was taking 
their drug vs. relying on antiquated and unreliable techniques, 
such as pill counts, will be commonplace,35 and the ability 
to conveniently obtain samples from patients as enabled by 
at-home sampling will be a standard approach to reduce the 
incidence of false-negative trial results.58 The FDA has pub-
lished draft guidance on enhancing diversity in clinical trials 
where they specifically call out the need to make participation 
less burdensome and to adopt retention practices that en-
hance inclusiveness.59 At-home sampling is an obvious way 
of making participation in trials more patient-friendly.

DIGITAL BIOMARKERS

A biomarker is defined as a characteristic that is measured 
as an indicator of normal biological processes, pathogenic 
processes, or responses to an exposure or intervention, in-
cluding therapeutic interventions.60,61 Recent advances in 
digital technologies have enabled a new class of biomark-
ers to emerge (i.e., digital biomarkers). Digital biomarkers 
are objective measures of biology or health collected using 
a digital device that can reflect physiological responses to 
disease progression or therapeutic intervention.62 In the 
context of drug development, these types of measures 
have the potential to provide valuable data as to the safety 
and efficacy of INDs. Digital biomarkers can be novel end 
points (those not typically measured in our current clini-
cal trial paradigm; e.g., activity counts as measured by an 
accelerometer, or existing endpoints measured in a new, 
digitally enabled way; e.g., heart rate as measured by a 
wearable sensor). Furthermore, many of these end points 
are amenable to at-home measurement and can be mea-
sured on a near-continuous basis, enabling the potential 
for more frequent, objective, and sensitive measures of 
disease progression and of the ability of INDs to treat or 
modify the course of the disease.63,64 Types of technologies 
that can enable digital biomarkers are described in Table 3 
and include wearable devices (e.g., wrist-worn accelerom-
eters, finger-worn sensors, and biometric skin patches), 
smartphone apps (e.g., voice/speech analysis or typing 
behavior), and “invisibles” (i.e., technologies that passively 
measure without requiring the patient to wear any sensors). 
Examples of technologies falling into the “invisibles” cat-
egory include sensor-enabled homes65 and Emerald, a 
device that uses radio wave reflective signals paired with 
machine learning algorithms to determine, location, activity, 
and sleep staging.66,67



452

Clinical and Translational Science

Digitally Enabled, Patient-Centric Clinical Trials
Dockendorf et al.

Digital biomarkers can be either actively or passively col-
lected. Active collection requires the patient to perform a 
specific task (e.g., sit-to-stand test while wearing a sensor), 
whereas passive collection involves the collection of data 
without interrupting a patient’s normal activities, other than 
potentially wearing a sensor (e.g., physical activity or sleep 
time as measured by an accelerometer). Although passive 
collection may provide more continuous data and be less 
burdensome for the patient, this type of data may be par-
ticularly difficult to interpret without context. For example, 
if a patient’s activity levels are higher on a given day vs. 
prior days, the increased activity levels could be due to the 
patient feeling better or there could be some other cause, 
such as the patient working longer hours on that day. Thus, 
patient diaries or annotations may provide useful informa-
tion to contextualize the digital biomarker data obtained. 
Furthermore, electronic patient-reported outcomes (ePROs; 
i.e., patient-reported outcomes that are collected via elec-
tronic means, such as on smartphones), are related to digital 
biomarkers but are not necessarily objective measures (can 
be subjective). These ePRO assessments require active col-
lection and can be contextualized and/or timed based on 
sensor data. For example, sensor data capturing whether 
the patient is active or sedentary proximal to a patient com-
pleting a pain score ePRO can help contextualize the pain 
score reported. Furthermore, through closed-loop feedback 
of accelerometer data and the ePRO assessment tool, the 
timing of the request for the patient to assess their pain level 
could be triggered based on the patient’s accelerometer 
data.

Digital biomarkers have the potential to profoundly 
impact drug development. Digital biomarker-enabling 
technologies give pharmaceutical researchers access to 
more continuous, objective data sets that were previously 
not attainable, including outside the clinic and during ac-
tivities that are more meaningful to patient’s daily lives. 
They offer the promise of earlier, more sensitive, and less 
variable indicators of safety and efficacy, which may result 
in smaller, shorter duration clinical trials and faster go/no 
go decisions. Additionally, in late-stage development, dig-
ital biomarkers have the potential to be used not only for 
internal decision making but as primary or secondary reg-
istration end points and in support of label claims. Whereas 
there continues to be a significant delay for the pharma-
ceutical industry to broadly use digital biomarker-enabling 
technology across clinical trials and several barriers to 
adoption to overcome, and the majority of use-cases to 
date have been either in pilot trials or as exploratory end 
points, there are some examples of regulatory acceptance 
of digital biomarkers as primary or secondary end points 
in late-stage clinical trials. Moderate-to-vigorous physical 
activity (as measured by a wrist-worn actigraphy device) 
has been approved by the FDA for use as a primary end 
point in a phase III study evaluating an investigational treat-
ment in patients with pulmonary hypertension associated 
with interstitial lung disease.68 Additionally, the European 
Medicines Agency (EMA) has published a qualification 
opinion that the 95th percentile of stride velocity as mea-
sured by a valid and suitable wearable device to quantify 
a patient’s ambulation ability in a continuous manner in Ta
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an at-home environment is an acceptable secondary end 
point in pivotal and exploratory drug trials for Duchenne’s 
muscular dystrophy.69,70

There are several examples of pilot studies and explor-
atory trials to develop digital biomarkers with promising 
results. Recently, wrist-worn accelerometers have been 
shown to accurately detect and measure movements as-
sociated with itching in patients with atopic dermatitis71 
and have also been shown to differentiate narcolepsy and 
idiopathic hypersomnia patients.72 Other examples of 
such efforts include smartphone motor-sensing for detec-
tion of early signs of Lyme disease73,74 and investigation of 
wearable devices for cardiac monitoring.73,75,76 Merck also 
conducted a study in collaboration with Koneksa Health 
that explored use of mobile health approaches to measure 
changes in heart rate and blood pressure, which found 
that mobile health approaches were comparable to stan-
dard in-clinic measures and sufficiently sensitive to detect 
treatment differences, demonstrating potential to capture 
rich hemodynamic data in early clinical trials to aid deci-
sion making.77

Digital biomarkers may be particularly useful in disease 
areas that are hindered by a lack of validated biomarkers 
to objectively measure disease onset and progression, 
such as neurodegenerative diseases. Clinical trial research 
has observed that subtle changes in cognition, sensory, 
and motor function precede clinical manifestations of neu-
rodegenerative disease by several years,78 and there are a 
number of trials exploring feasibility of digital biomarkers for 
Parkinson’s79–83 and Alzheimer’s disease.84,85

Although digital health tools offer the promise of remote, 
high-resolution, and high-frequency clinical observations, 
there continues to be a significant delay in the pharmaceu-
tical industry to embrace technology. This trend is captured 
in Martec’s Law,86 which states that whereas technology is 
changing very rapidly, and those changes seem to be ac-
celerating, changing an organization—how it thinks and 
behaves—is still hard and slow. However, over the past 
2  years, investments in digital health startups and efforts 
aimed at identifying digital biomarkers exceeded US $10 bil-
lion.87 Furthermore, since 2000, the annual growth rate for 
including a connected digital product in a clinical trial, across 
all clinical trial phases, is 34%.13 The key factors driving the 
area of digital biomarkers is the ubiquity of rapidly advancing 
technology combined with sophisticated analytics to derive 
clinical meaning. Recent advances in digital technologies 
offer the opportunity to collect more objective, sensitive mea-
sures of disease state, disease progression, and response to 
therapy, in both in-clinic and at-home settings, and have less 
reliance on subjective, infrequent assessments.

As part of our digitally enabled clinical trials initiative, we 
are committed to identifying and using technologies that can 
provide digital biomarkers to better assess the safety and 
efficacy of our compounds earlier in the drug development 
process. To that end, we continue to actively assess digital 
technologies for this purpose in clinical pilot trials, have in-
cluded wearable activity monitors for exploratory end points 
in clinical studies, and are investing in studies to enable the 
identification of digital biomarkers, including in the areas of 
Parkinson’s and Alzheimer’s disease.

DIGITAL PLATFORM

Data emanating from sensor-based digital technologies 
that can continuously measure physiological parameters 
tend to be high volume, high density, and high speed. 
Disparate data being collected from these technologies 
pose an interesting challenge to ensure that the data 
are meaningfully integrated and interpreted, especially 
when collected from multiple devices. Many digital de-
vices have their own platforms for managing their data; 
however, if a trial contains multiple devices, then having 
data flow through a common platform may be advan-
tageous for trial data management, real-time analytics, 
and reduced burden for site staff. Our previous work with 
deploying multiple technologies in a clinical pilot study 
indicated that the full value of a digitally enabled trial 
will only be realized if there are foundational capabili-
ties that enable acquisition and integration of data from 
digital devices in near real-time and provide a means of 
quickly visualizing and analyzing the resultant data while 
minimizing any errors in the process as well as burden 
for clinical trial operations personnel.36 Thus, use of 
platforms and tools that enable these capabilities is part 
of our digitally enabled clinical trials strategy. Although 
real-time analyses during study conduct may not be 
feasible in some cases because of protocol-dependent 
blinding, the use of such a platform is anticipated to re-
duce errors and operational overhead associated with 
transcription of data records, provide ability for real-time 
data query generation, and support conditional triggers 
to enable near real-time follow-up with trial participants, 
such as in the event of missed samples/tasks, medica-
tion nonadherence, emerging AEs, or study stopping 
rules being met.

Such a platform needs to adhere to best practices for 
internet of things (IOT) data handling (e.g., security and pri-
vacy) as well as follow findable, accessible, interoperable, 
and reusable standards of ensuring data are available for fu-
ture purposes using both human-driven and machine-driven 
approaches.88 Key platform provider capabilities include 
service-oriented cloud-based architecture, mobile app de-
velopment capability, and device provisioning. Figure  2 
depicts a high-level conceptual platform architecture with 
the following major components:

Data supplier layer
This layer is focused on an architecture to enable acquiring 
data from multiple types of devices, mobile apps and sen-
sors using multiple modes of transmission (e.g., Bluetooth, 
Near Field Communication, etc.) and with appropriate data 
encryption and security measures in place to protect data 
privacy. For mobile apps, support for multiple operating 
systems (e.g., iOS, Android) is preferable, particularly to 
support a “bring your own device” capability where sub-
jects use their own device for data collection.89

Data integration layer with mobile app capability
This layer is focused on the ability to integrate data from 
multiple devices in such a way that the data are interop-
erable and reusable for future use. If multiple streams 
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of data collect similar information (e.g., time of dose via 
eDiary and also via a smart package), this layer should 
ensure there is a clear distinction between primary and 
secondary data sources as predetermined by study 
requirements. This layer can also serve data to the con-
sumer layer using an application programming interface 
to ensure a flexible and extensible architecture and 
should be tightly integrated with any mobile app(s) used 
for data collection, such that there is no time lag between 
data being fetched via the mobile app and data visibility 
in the platform. Mobile apps can integrate with this layer 
both to collect data as well as to provide a mechanism for 
two-way communication between the patient and clinical 
site staff. If desired, this layer should also allow for easy 
plug-and-play of interactive/gaming apps as tools for in-
creased patient engagement and motivation to complete 
all assigned tasks per protocol requirements.

Data consumer layer
This layer is focused on redirecting incoming high-volume 
digital data into the following: (i) dashboard enabling rapid 
decision making through quick visualization and analytics 
during the study, (ii) clinical data repository with processed 
data focused on standard reporting and data that will be re-
ported to regulatory agencies (i.e., official data repository), 
(iii) data lake for storing raw data for exploratory analyses; 
efficiently combining, finding, and reusing data will be pos-
sible only if this component captures metadata, adhering to 
standard ontologies,90 and (iv) interactive apps focused on 
improving patient engagement and adherence.

Patient engagement and ensuring patient compliance with 
use of these devices to provide data is key to implementa-
tion, and it is equally critical to reduce burden on clinicians 
and contract research organizations operating these tech-
nologies. Hence, there should be focus on both patient and 
clinician user experiences while using these tools to reduce 
any added burden. Furthermore, we envision that such a 

platform can be utilized as a tool for delivering digital con-
tent to patients (e.g., instructional materials, ePROs, and 
study-specific apps), for eConsent, patient reminders (e.g., 
to take study medication, for study-related tasks, or for up-
coming clinical visits) as a tool to more closely engage with 
the patient throughout the course of the trial (e.g., through 
mobile apps, secure messaging, and/or videoconferenc-
ing), and for telehealth visits, depending on the needs of the 
study. There are several platform providers that offer such 
capabilities,77,91,92 and we have tested several of these ca-
pabilities from various providers and are introducing these 
approaches into trials dependent on study need.

DISCUSSION

There is profound potential for innovative technologies to 
address limitations and gaps in the current clinical trial 
paradigm. The digitally enabled clinical trials initiative at 
Merck is aimed at increasing patient-centricity, reducing 
patient burden, enriching clinical trial data sets, and aug-
menting decision making through the use of digital health 
technologies, outpatient sampling, and real-time data ac-
cess. Areas of focus include (i) use of technologies that 
can provide greater confidence in outpatient dosing data 
and improve adherence to therapy, (ii) user-friendly meth-
ods of outpatient PK, PD, or biomarker sampling coupled 
with automated date/time stamps, (iii) use of technologies 
that can provide more objective, sensitive, and/or higher 
resolution safety and efficacy data, and (iv) use of digi-
tal platform solutions that can provide opportunities for 
real-time data access, closer engagement with the pa-
tient during the trial, and opportunities for virtual visits. 
Although the inclusion of any one of these components in 
clinical trials can be beneficial for clinical research, there 
is synergistic power in implementation of these enabling 
technologies jointly within a trial for further improved elu-
cidation and understanding of the PK profile, safety, and 

Figure 2 High-level conceptual digital platform architecture.
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efficacy of the IND and the corresponding exposure-re-
sponse relationships. For example, inclusion of at-home 
PK samples can augment PK datasets, enhance under-
standing of an IND’s PK profile, and enable collection of 
data at critical points in the PK profile that may have oth-
erwise not been possible. However, pairing outpatient PK 
sampling with smart dosing approaches can be even more 
powerful, as population PK analyses rely on not only drug 
concentration measurements and time of PK sampling, 
but also knowledge of the dose administered, adherence 
patterns, and if/when doses have been taken. Without ac-
curate understanding of adherence, pharmacometricians 
need to rely on either assumed or (often inaccurate) pa-
tient-reported information on time of dosing in between 
visits, which contributes to inflated residual (unexplained) 
variability in population PK analysis. Although inclusion 
of smart dosing or outpatient PK sampling approaches 
can reduce variability in PK analyses, implementing these 
approaches together within a trial can do so to an even 
greater degree, therein enabling improved understanding 
of the true pharmacokinetic profile of the drug. Similarly, 
whereas inclusion of digital biomarker-enabling technol-
ogies can facilitate collection of more frequent, objective, 
and sensitive data, including in between clinical visits, and 
tremendously increase understanding of the drug’s safety 
and efficacy, these data will remain difficult to decouple 
from adherence if the patient’s true adherence patterns 
are not known. Thus, it is our vision that clinical trials shift 
toward a digitally enabled, patient-centric paradigm where 
smart dosing approaches, outpatient sampling, digital 
biomarker-enabling technologies, and digital platforms 
are utilized jointly within clinical trials with emphasis on 
true transformation and augmentation of trials vs. sparse 

inclusion of “add-ons” or digital substitutes. In addition 
to enabling increased understanding of the course of dis-
ease and properties of the IND, such an approach may 
also reduce the frequency of clinical visits and patient bur-
den, improve patient recruitment and retention, offer less 
painful blood sampling options for patients, and provide 
increased study support and communication options with 
clinical trial sites (Figure 3).

Merck has previously reported our experiences with 
implementation of dried blood microsampling in in-clinic 
and at-home settings36–39,47,48 as well as results of phase I 
studies intended to evaluate technologies of interest.36,37,77 
Such technology evaluation trials are an important piece 
of enabling adoption of new technologies into the clinical 
trial paradigm and realizing the vision of patient-centric tri-
als. These types of trials provide the ability to rapidly sift 
through emerging technologies to identify which are useful 
for clinical research, enable rapid “learn and confirm” cy-
cles for emerging technologies to become “ready” for use 
in portfolio-facing pharmaceutical clinical trials, and provide 
insights into patient preferences and ease of use. It is im-
perative that experience with digital technologies of interest 
is gained well in advance of portfolio-facing trial inclusion 
to ensure selection and inclusion of the appropriate tech-
nologies to address study needs, the appropriate level of 
validation/qualification for the context of use (e.g., internal 
decision making vs. registration), and that these tools can 
be easily deployed and used without delaying, hindering, or 
compromising the trial.93,94 Furthering our efforts in digitally 
enabled trials, we have continued to pilot technologies in 
areas of interest, and plan for use of smart dosing, outpa-
tient sampling, and digital biomarker-enabling technologies 
in upcoming late-phase clinical trials.

Figure 3 Digitally enabled clinical trials and potential benefits.
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Although there is a multitude of benefits for use of dig-
ital and outpatient sampling technologies in clinical trials, 
there are also several obstacles and challenges to adop-
tion and fully realizing the vision of patient-centric, digitally 
enabled trials. It is not a simple endeavor to utilize any of 
the aforementioned technologies in a clinical trial setting—
significant upfront investment is required. Not only must 
one ensure that the technology performs as expected, but 
that its use will not delay or otherwise adversely affect the 
planned trial. Risk mitigation efforts for technology use 
requires resources as well. Furthermore, it takes a long 
time to generate data from clinical trials, and those data 
may not always be successful in proving the intended hy-
pothesis. This can result in a near-term negative return 
on investment, which can be difficult for senior company 
leadership to buy into.93 Other challenges to adoption in-
clude questions around ensuring patient privacy, added 
operational and logistical complexities, lack of prior experi-
ence, software version changes during use, and regulatory 
unknowns. Additionally, many emerging technologies 
currently lack sufficient clinical validation for reliance on 
these tools as primary source data. Furthermore, while at-
tempting to minimize patient burden and reduce clinical 
trial visits, there is potential to add burden if at-home as-
sessments are too frequent or overly complex, if there are 
too many devices provided, or if the selected technologies 
are ones that patients are not amenable to using. Thus, 

user experience for potential digital health tools, as well as 
the clinical trial as a whole, must be considered when se-
lecting technologies for inclusion in a trial. Whereas there 
are substantial challenges to fully realizing the opportunity 
of these emerging technologies, the benefits could be pro-
found and transformational. Our progress and success to 
date has been enabled by a culture that is comfortable 
embracing innovation, coupled with senior leadership that 
believes in the vision of what digital health technologies 
can offer our patients and our trials.

There have been a growing number of precompetitive 
consortiums and scientific societies with dedicated efforts 
focused on moving the needle and taking on challenges 
related to the use of digital technologies in both drug de-
velopment and for patient care (Table  4). Collaboration in 
a precompetitive fashion, including among pharmaceutical 
companies, regulators, academia, and technology compa-
nies, is what will be needed to truly shift toward digitally 
enabled, patient-centric trials. Areas of potential collabo-
ration include sharing of experiences, joint development of 
white papers and best practice documents, precompetitive 
technology development, verification and validation ex-
perimentation, disease area-specific development of end 
points, and dialogues on clarity of regulatory and payer 
expectations.8,64,95

As the world becomes increasingly digital, it is a matter of 
when, not if, such approaches are adopted more standardly 

Table 4 Precompetitive consortiums, scientific societies, and nonprofit organizations related to digital health

Group/initiative Description

Digital Medicine Society (DiMe) Professional society for the digital medicine community, aimed at driving scientific progress and broad acceptance 
of digital medicine to enhance public health

TransCelerate BioPharma 
Patient Technology Initiative

TransCelerate BioPharma Inc. is a nonprofit organization with a mission to collaborate across the global 
biopharmaceutical research and development community to identify, prioritize, design and facilitate 
implementation of solutions designed to drive the efficient, effective, and high-quality delivery of new medicines. 
The Patient Technology Initiative strives to enable and accelerate patient-facing technology in support of an 
improved patient experience and richer data collection in clinical trials.

Patient Centric Sampling 
Interest Group

Collaborative group across organizations in non-competitive mutual areas of interest related to patient-centric 
sampling

IQ Consortium Patient-Centric 
Sampling Working Group

The International Consortium for Innovation and Quality in Pharmaceutical Development is a technically-focused 
organization of pharmaceutical and biotechnology companies with a mission of advancing science and technology 
to augment the capability of member companies to develop transformational solutions that benefit patients, 
regulators, and the broader research and development community.  
The goal of the patient centric sampling working group is to encourage the implementation of patient centric 
sampling within the industry to provide richer data sets and gain wider acceptance with regulators

Open Wearables Initiative 
(OWEAR)

Collaboration designed to promote the effective use of high-quality, sensor-generated measures of health in clinical 
research through the open sharing of algorithms and data sets

Adherence Measurement 
Institute

Nonprofit organization that is passionate about the need of more precise patient drug dosing data

Critical Path for Parkinson’s 
(CPP) Digital Drug 
Development Tools (3DT) 
Initiative

Precompetitive collaboration amongst a subset of CPP member organizations with the goal of optimizing the 
efficiency of paths for developing digital tools for Parkinson’s disease drug development

Innovative Medicines Initiative 
(IMI) Projects

IMI is a European initiative public-private partnership in the field of pharmaceutical research. There are several IMI 
projects related to digital health with specific areas of focus, including projects related to developing new ways 
of remotely monitoring disease and relapse in Alzheimer’s disease (RADAR-AD) and in central nervous system 
disorders (RADAR-CNS), exploring the potential of digital technologies for use in decentralized trials (Trials@
Home), and aimed at connecting digital mobility assessments to clinical outcomes for regulatory and clinical 
endorsement (Mobilise-D)

Clinical Trials Transformation 
Initiative (CTTI)

Comprises organizations from across the clinical trial enterprise, with a mission of developing and driving adoption 
of practices that will increase the quality and efficiency of clinical trials. CTTI develops recommendations and 
resources related to digital health technologies and trials
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in the clinical trial paradigm. Furthermore, increased adop-
tion of digital approaches, remote monitoring, and virtual 
visits has become a necessity due to changing circum-
stances, such as social distancing requirements from the 
coronavirus disease 2019 (COVID-19) pandemic. This un-
precedented crisis also presents an opportunity to further 
reduce patient burden, gain acceptance for telemedicine, 
and enhance already existing infrastructure of connectiv-
ity by enabling logistics and regulations that are needed to 
make these work,96 and in fact, there has been regulatory 
support for expansion of the availability of digital health 
technologies during the COVID-19 pandemic as well as en-
couragement to evaluate alternate methods for in-person 
visits (including virtual visits).97–99

Digital health and outpatient sampling technologies have 
the potential to shift the paradigm toward more efficient, in-
formative, and patient-centric clinical trials, and we expect 
that the industry is headed toward a future where use of 
such tools is expected and required in drug development 
trials vs. “nice to have” inclusions. Merck’s digitally enabled 
trials initiative seeks to shift clinical trials toward this future 
and is open to sharing our experiences in these areas so that 
the broader community can benefit, and wider adoption and 
regulatory acceptance will ensue.
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