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Abstract

Background: By eliminating the requirement for participants to make frequent visits to research sites, mobile phone appli-
cations (“apps”) may help to decentralize clinical trials. Apps may also be an effective mechanism for capturing patient-
reported outcomes and other endpoints, helping to optimize patient care during and outside of clinical trials.

Objectives: We report on the usability of Digital BioMarkers for Clinical Impact (DigiBioMarC™ (DBM)), a novel smartphone-
based app used by cancer patients in conjunction with a wearable device (Apple Watch®). DBM is designed to collect
patient-reported outcomes and record physical functions.

Methods: In a fully decentralized “bring-your-own-device” smartphone study, we enrolled 54 cancer patient and caregiver
dyads from Kaiser Permanente Northern California (KPNC) from October 2020 through March 2021. Patients used the app for
at least 28 days, completed weekly questionnaires about their symptoms, physical functions, and mood, and performed
timed physical tasks. Usability was determined through a subset of the Mobile App Rating Scale (MARS), the full System
Usability Scale (SUS), the Net Promoter Score (NPS), and semi-structured interviews.

Results: We obtained usability survey data from 50 of 54 patients. Median responses to the selected MARS questions and the
mean SUS scores indicated above average usability. The NPS from the semi-structured interviews at the end of the study was
24, indicating a favorable score.

Conclusions: Cancer patients reported above average usability for the DBM app. Qualitative analyses indicated that the app
was easy to use and helpful. Future work will emphasize implementing further patient recommendations and evaluating the
app’s clinical efficacy in multiple settings.
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Introduction
Early detection methods and treatments tested in clinical
trials have helped to increase the number of cancer survi-
vors from 14 million in 2012 to a projected 18 million in
2022.1,2 However, adult clinical trials often have difficulty
achieving trial recruitment and retention goals,3 and thus
reach only a small portion of potentially interested partici-
pants.4 Limited availability of trials at a patient’s medical
care facility is a major barrier to clinical trial participation4
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and is one reason trial populations rarely reflect actual
patient demographics.5 Recently, the COVID-19 pandemic
caused 60% of research programs to temporarily halt
screening and/or enrollment for oncology clinical trials,
further limiting trial availability.6

Decentralized clinical trials (DCTs) represent an oppor-
tunity to reach more trial participants.7 This can be achieved
partly by shifting many trial tasks from in-person clinics to
digital platforms using web-based or smartphone applica-
tions.8 Smartphones are nearly ubiquitous in the United
States, even among older- and lower-income populations,9

and can be used for many tasks including online screening
and recruitment, electronic informed consent, remote mon-
itoring of participants through patient-reported outcomes
(PROs) and digital clinical outcome measures derived
from the smartphones themselves, or wearable sensors.8

The FDA has recognized the increasing use and importance
of PROs in clinical trials.10 Moreover, integrating PROs
into clinical research has the potential to detect and better
manage adverse events and toxicities.11,12 There is tremen-
dous promise for remote monitoring by combining digital
data from sensors with electronically collected PROs
(ePROs), but these need to be user friendly to be embraced
by participants and clinical teams.

We developed the smartphone app Digital BioMarkers
for Clinical Impact (DigiBioMarC™ (DBM)) for the
iPhone® and integrated with the Apple Watch® to enable
patient screening and participation in DCTs. We included
electronic informed consent and ePROs, digital monitoring
of clinical outcome measures, and provided patient
resources. We recruited a sample of cancer patients receiv-
ing intravenous (IV) chemotherapy or immunotherapy to
use the app regularly for a period of approximately 28
days. We focused on this population because patients
receiving these therapies tend to experience substantial
symptom burdens.13 To be eligible, cancer patients had to
have an informal caregiver. Both the cancer patient and
their caregiver were consented and enrolled. The DBM
app was used by patients while the informal caregivers
used a different app called TOGETHERCare. This article
reports on the usability of the DBM app from the perspec-
tive of these patients as determined by usability question-
naires and semi-structured interviews.

Methods

Application development

The initial version of the DBM app was developed with
funding from the National Institutes of Health using a three-
phase development process, which several of the authors
established and have used in the past,14 that involves
patients, caregivers, and healthcare professionals. During
Phase I, we conducted unstructured interviews by phone
and in-person with stakeholders to understand the current

care gaps and needs in cancer care outside of the clinical
setting and did internal development and testing (Alpha
test). In Phase II (Beta test), we administered semi-structured
interviews with three patients, three caregivers, and three
clinicians, and we also collected feedback from seven
patients from academic cancer centers at Duke University
and Stanford University, who used version one of the app
for 28 days. The app was iterated based on that feedback,
and version two was developed. In Phase III, in collaboration
with Kaiser Permanente Northern California (KPNC) and
reported in this manuscript, we tested the usability of
version two in a larger sample of cancer patients.

Application content and functionality

The DBM app uses functions built into the iPhone (bring
your own device (BYOD) only) and Apple Watch
(BYOD or study provisioned) to collect biometric data
(e.g. step count, distance walked, etc.) and to perform stan-
dardized gait and sit-to-stand tests. The ePROs and feedback
surveys are built into the application using questionnaires
presented at specific intervals. The DBM app consists of
three main sections: Profile for the study title, informed
consent documents, and Health Insurance Portability and
Accountability Act (HIPAA) authorization; Tasks for Apple
Watch health permissions, active tasks, and surveys including
demographics and ePROs (Table 1); and Resources for links
to contact the research team and, because the study was
launched at the onset of the recent pandemic, to access a
KPNC COVID-19 informational website for patients.

Participant recruitment

We identified potential participants using the KPNC elec-
tronic health record (EHR) system. The KPNC serves
over 4.5 million members in northern California with an
integrated healthcare delivery system. Recruitment was
initiated by email invitations after the approval, or the
absence of disapproval, from the patients’ primary oncolo-
gists. Recruitment activities were conducted from October
2020 through March 2021. Recruitment and consent were
completed remotely through a televisit or phone call, with
no need for the patients to come to the clinic. Inclusion cri-
teria required patients to be adults 18 years of age or older,
to be KPNC members with a cancer diagnosis, to be receiv-
ing IV chemotherapy or immunotherapy treatment, to be
English speakers, to own an iPhone 6 or higher, and to
have an eligible family member or a friend who acted as
the primary caregiver and was willing to participate by
evaluating the TOGETHERCare™ app for cancer care-
givers.14 Patients with severe mental illness or insufficient
cognition to consent were excluded from the study. The
study participants were asked to use the app for at least
28 days, during which the mobile app delivered surveys
and activity requests (see Table 1). Recruitment and
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compliance were monitored through an associated site
application. Patients who completed the surveys in the
app and two semi-structured virtual interviews received a
$100 Amazon gift certificate.

Ethics approval

A KPNC research associate explained study procedures to
potential participants during an eligibility confirmation
phone call. Eligible and interested patient–caregiver dyads
then received an email with the informed consent and
HIPAA documents and reviewed the consent and HIPAA
form in a subsequent video or phone call with the research
associate. Informed consent was collected verbally during
the second interaction, and those who elected to enroll in
the study downloaded the app and provided written

informed consent electronically within the app prior to pro-
ceeding with the study. The app was housed on the patient’s
iPhone, which was designed by Apple to be password pro-
tected. Moreover, the app also had a password associated
with it, thus providing another layer of security. The app,
once downloaded on the participants’ phone, could be
opened by either a passcode, facial recognition, or finger-
print depending upon how the user preferred to set it up
for controlled access. These biometrics were not available
to KPNC or Medable but were stored on the participant’s
own phones as part of the Apple iPhone operating system.

The Medable platform use was assessed by Kaiser IT
and technology teams along with security and privacy for
all data captured by the iPhone, and the study as a whole
was reviewed and approved by the KPNC Institutional
Review Board. All data collected using the app was

Table 1. DBM application: patient-reported outcome surveys, tasks, frequency, and completed percentage.

Survey/Task
Scientific/Tool name(s)
(maximum number of questionsa)

Frequency
(n times)

Completed
(%)

About You Cancer health literacy test-6 (CHLT-6)15 and demographics (number
of questions = 13a)

Baseline
(once)

100

Short Symptom
Report

National Cancer Institute Patient-Reported Outcomes version of the
Common Terminology Criteria for Adverse Events (PRO-CTCAE)16—
subset of symptoms selected by subject matter experts,
Self-rated Eastern Cooperative Oncology Group performance status
(ECOG-PS)17, and
Sleep and fatigue questions (number of questions = 44a)

Weekly
(5 times)

100

Fast 4 Patient-Reported Outcomes Measurement Information System
(PROMIS) Item Bank v2.0—Physical Function Short Form 4a18

(number of questions = 4)

Weekly
(5 times)

99.6

COVID-19, Your
Input

COVID-19 testing, behavior, impact on care, and knowledge questions
(number of questions = 35a)

Baseline
Study end
(twice)

100

Quick Check-in Financial and social distress, four patient engagement questions, and
the four-item Patient Health Questionnaire for anxiety and
depression (PHQ4)19 (number of questions = 11)

Baseline
Study end
(twice)

100

Gait Pace Gait and balance predefined active task20 (20 steps plus standing still
for 30 s)

Weekly
(5 times)

92.8

Sit and Stand Sit to stand predefined active task21 (over a 30-s duration) Weekly
(5 times)

94.8

App Feedback System Usability Scale (SUS)22,23, the Net Promoter Score (NPS)24,
Mobile App Rating Scale (MARS)25—five questions about
functionality and visual appeal (number of questions = 16)

Baseline
Halfway
Study end
(3 times)

100

Note: For each task, the proportion of completions was calculated as follows: 100 (the number of total task completions/(number of participants multiplied by
the number of expected times the task was to be completed during the study period)).
aThe maximum number of possible questions because in some surveys, additional questions were predicated on prior responses or allowed additional free
text input.
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stored in a secure HIPAA compliant cloud that was
accessed and controlled by the KPNC project staff.

Procedures

After signing the informed consent, participants were
prompted by the app to complete a series of HIPAA-related
tasks and to choose whether to allow phone-based health
data collection, and this concluded the study enrollment
process. Participants who did not already own an Apple
Watch were loaned one for the duration of the study; all
were instructed to pair their borrowed or personal Apple
Watch with the DBM app and to activate a health data permis-
sions feature. Participants were then asked to use the app and
Apple Watch until all surveys were completed over the course
of approximately 28 days. At the end of the study period, the
app was disabled and all health data collection was ended.

Measures

The DBM app collected quantitative usability measures at
the baseline, midway at approximately 14 days post enroll-
ment, and at the study end at approximately 28 days post
enrollment. Measures used included five questions from
the Mobile App Rating Scale (MARS),25 the entire
System Usability Scale (SUS),22,23,26 and the Net
Promoter Score (NPS).24 The five MARS questions
pertain to functionality and visual appeal and were selected
to keep response time to a minimum. The possible
responses are on a scale of 1–5, with 1 being the worst
and 5 being the best.25 The SUS has 10 Likert-scaled
items ranging from “strongly agree” (1) to “strongly dis-
agree” (5). The SUS scores range from 0 to 100, with a
higher score indicating better product usability. A total
SUS score above 68 is considered above average.27 The
SUS also has two sub-scores, one for general usability
and one for learnability. The NPS is derived by asking
respondents to indicate the likelihood that they will recom-
mend a product to a friend or colleague using a 0–10 scale24
and is used broadly in product development and market
assessment efforts. The percentage of detractors (defined
as a score of 0–6) is subtracted from the percentage of pro-
moters (scores of 9–10), resulting in the final NPS.
Quantitative usability measures used for this analysis
were calculated from the third round of surveys at the
study end of approximately 28 days, when participants
had the most experience with the app. Demographics of
the study participants (e.g. age at informed consent, sex,
cancer type) were self-reported as part of the “About
You” task or were derived from the KPNC EHR.

We conducted semi-structured interviews with partici-
pants on approximately the 7th day of app use and after par-
ticipants completed the final app surveys, using a secure
videoconferencing program. An approximately 15-min
Day 7 interview was completed by 54 patients, which

provided an opportunity to discuss useful or confusing ele-
ments of the app, including the frequency of the surveys,
the length of time it took to complete them, whether the
app included information that the patient would like their
clinical team to know, app rating scales, and whether
there were other features not present that they would like
to see. An approximately 30-min final interview was com-
pleted by 50 patients, and included topics from the Day 7
interview, a detailed explanation of the ultimate goals of
the app, mockups of additional feedback screens based
upon specific participant input, and questions about the use-
fulness of possible future features as part of our ongoing
iterative development efforts.

Analysis

We collected descriptive statistics of study participant
quantitative data, including patient background characteris-
tics, number of completed in-app tasks, and responses to the
end of the study MARS, SUS, and NPS surveys. For ana-
lysis of the semi-structured interviews, all were first tran-
scribed verbatim, and the resulting transcripts were then
analyzed by a member of the research team to identify pat-
terns or themes.28 Theme coding was then reviewed by a
second researcher (SWD). Any discrepancies were
reviewed by additional members of the team and resolved
with input from the lead researcher (IOG). All Day 7 inter-
views were coded. After coding and carefully analyzing
half of the final interviews, we determined that saturation
had been reached and that the themes expressed were con-
sistent throughout the study period. Thus, the interview
analysis presented here is based on the common themes
and content from the Day 7 interviews and the coded
final interviews.

Results

Recruitment and retention

A total of 2155 potential patients received recruitment
emails containing brief study details and eligibility require-
ments that instructed patients interested in participating to
reach out to the study coordinator to learn more. Of the
2155 patients contacted, 247 responded. From the respon-
dents, 166 were determined to be ineligible (physician indi-
cated a contraindication to participation (n = 42), invalid
emails (n = 41), no iPhone (n = 33), no eligible/willing
caregiver (n = 24), no scheduled IV therapy during the
study period (n = 13), not English speaking (n = 5),
deceased (n = 2), ineligible unspecified (n = 6)), 20
declined to participate before eligibility could be confirmed,
and 7 decided not to participate after learning more details
about the study. A total of 54 patients were enrolled, with
50 of these ultimately completing the full study period,
yielding a high retention rate with only 7.4% attrition29
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(three patients elected to stop participating after enrolling
due to their health and one passed away). Twelve of the
50 participants had their own Apple Watch; all other parti-
cipants used a loaned device mailed to them at no cost. The
analysis dataset comprises data from the 50 participants
completing the full study period.

Background characteristics of respondents

The mean age of participants at the time of consent was
59.9, with a standard deviation (SD) of 11.6, range 31–
83. A majority (86%) of participants were not of Hispanic
or Latino descent, and 68% of patients identified as White
(Table 2). Most (78%) participants were female. Almost
all (92%) participants had completed at least some
college. About half (52%) were retired or unemployed,
with 32% self-employed or working full- or part-time.
Almost all (98%) had adequate cancer health literacy as
indicated by scores of 5 or 6 on the Cancer Health
Literacy Test (CHLT-6).15 Breast cancer patients repre-
sented about one-third of the study participants (34%),
with gynecological (24%), gastrointestinal (24%), thoracic
(12%), and other (6%) making up the remainder.

Task completion

Study participants completed 97.7% of all app tasks
expected per the study protocol. The percentage of tasks
completed ranged from 92.8% for the Gait Pace task to
100% for most other tasks (Table 1).

Mobile app rating scales

Feedback survey scores are shown in Table 3. The mean
MARS functionality sub-score was 4.3 ± 0.8 out of a
maximum of 5. Visual appeal was rated 3.2 ± 1.0, which
is consistent with comments from qualitative interview
responses about the lack of colors and graphics (described
below). The total SUS (76.6 ± 18.5), usability (74.0 ±
19.7), and learnability (86.8 ± 21.5) sub-scores were
above average.30 For the last in-app NPS, the number of
“detractors” (42.9%) outnumbered “promoters” (24.5%).
However, the NPS score from the last qualitative interviews
was substantially higher at 24 (see Table 3).

Semi-structured interviews

Most patients said that they found the app easy to use and
helpful. They appreciated the prompts to increase their
activity levels, which were a feature of the Apple Watch.
Patients indicated that they wanted to receive more feed-
back from the app, and had suggestions for enhancing
the content, frequency, and timing of the survey questions.
While patients appreciated the simplicity and clinical
appearance of the app, some suggested enhanced visuals

and features. They also suggested notifications for when
tasks were scheduled in the app, and suggested clarifying
instructions for specific tasks. Table 4 describes identified
themes and concepts and provides some specific
comments.

Discussion

Principal findings

The DBM smartphone app is designed to collect PROs as
well as physical function data from cancer patients. This
mixed-methods usability study found that the DBM app
worked well and was easy to learn. The SUS scores indi-
cated an above average rating. The SUS score on the
learnability questions showed high approval for the ease
with which participants were able to learn to use the
app, and this result was consistent with the results of
five MARS questions pertaining to functionality and
visual appeal.

The low in-app NPS score (“How likely is it that you
would recommend DBM to a friend or colleague, on a
scale of 10 with 0 being not at all likely and 10 being
extremely likely?”) was inconsistent with the SUS and
MARS score data. This may have been partially attributable
to the fact that many participants expressed negative feel-
ings about their disease, and many indicated that they did
not have any friends or colleagues with cancer. While it
is possible that the higher NPS obtained from the interviews
may have been influenced by participants wishing to please
the interviewer, we believe it was partially attributable to a
better understanding conveyed by the interviewer to partici-
pants that the NPS question was a general one referring to
potential users and did not require the participant to have
friends or family with cancer, and to the inclusion of
mock-ups of data visualizations based upon previously pro-
vided specific participant input. Higher NPS scores pro-
vided during the interviews may also have resulted from
improved participant knowledge about the purpose of the
app that had not previously been described. Specifically,
during the final interview, participants were told that the
ultimate intention for the app was to enable remote
patient monitoring with real-time data sharing and feedback
to participants and clinical teams. Once the purpose was
provided, multiple participants agreed that the app would
be helpful; for example, “Now that I know kind of what
the purpose of this is, it could be really valuable. There’s
a thing called white coat syndrome; sometimes when
you go to the doctor, you don’t always say everything
that’s on your mind or you don’t remember, especially
after a bunch of treatment, you start getting kind of
fuzzy because it works on your brain too.” Other partici-
pants indicated if they knew the data was being shared
with their clinical team, they would be certain to enter
the data in the app.

Oakley-Girvan et al. 5



Improving engagement

From a product design perspective, the NPS score at the
final interview was 42 points higher than the score from
the last in-app NPS. Final interviews took place after app
usage was completed, when we described, for the first
time, the ultimate purpose of the app. Because participants
had previously indicated in interviews a desire to see the
data they had entered, we mocked up patient-focused data
visualizations and shared those during the final interview,
but focused on data that would not cause unblinding or
bias in a clinical trial setting. The observed 42-point differ-
ence demonstrates how valuable it is to obtain participant
input and to implement suggestions such as data visualiza-
tions and providing information about the apps’ intended
use when developing a mobile tool. Inclusion of decentra-
lized elements, like remote data collection with regularly
scheduled tasks, will be further enhanced if we listen to
what helps motivate people to stay engaged and use the
product as intended. For instance, participant comments
about timing notifications for when tasks are due is a crit-
ical aspect and is now reflected in the revised app. Other
elements such as clear task instructions that may address
technical literacy or feelings of inadequacy, a colorful

Table 2. Participant background characteristics at the time of
consent (N = 50).

Number (%)

Gender

Female 39 (78%)

Male 11 (22%)

Ethnicity

Hispanic or Latino 4 (8%)

Not Hispanic or Latino 43 (86%)

Missing 3 (6%)

Racea

White 34 (68%)

Black 4 (8%)

Asian 3 (6%)

Native Hawaiian or Pacific Islander 2 (4)

Multiracial 3 (6%)

Other 3 (6%)

Missing 1 (2)

Educational attainment

Less than 9th grade 1 (2%)

High school/GED 3 (6%)

Some college, no degree 11 (22%)

Associate’s degree 6 (12%)

Bachelor’s degree 14 (28%))

Master’s degree 7 (14%))

Doctorate or other professional degree 8 (16%)

Employment status

Unemployed 5 (10%)

Disability leave 5 (10%)

Homemaker 3 (6%)

(continued)

Table 2. Continued.

Number (%)

Retired 21 (42%)

Self-employed 2 (4%)

Working part-time 3 (6%)

Working full-time 11 (22%)

Cancer Health Literacy Test (CHLT-6)

Likely limited literacy 1 (2%)

Likely adequate literacy 49 (98%)

Cancer type

Breast 17 (34%)

Gynecological 12 (24%)

Gastrointestinal 12 (24%)

Thoracic 6 (12%)

Other 3 (6%)

aParticipants that indicated more than one race are listed as “Multiracial.”
No participant has been identified as an American Indian or an Alaska
native.
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appearance, and a clear purpose with clinical utility also
appeared critical or very important for engagement.

Limitations

The current study was not without limitations. First, most
patients in the study were female with high education and
health literacy levels and we only included participants
who could speak English. While the overall population
served by KPNC broadly represents the corresponding

local demographics, the participants from the convenience
sample represent those with an interest in the study, an
iPhone, an eligible informal caregiver, and those undergo-
ing IV therapy. The findings from these patients may not
be generalizable to populations that are most underrepre-
sented in clinical trials. Recruitment across a wider demo-
graphic is essential to further evaluate DBM across
various cultures and backgrounds. An Android version of
DBM has now been developed and will be used in future
studies with a focused effort to enroll across all

Table 3. Study participants’ MARS, SUS and NPS final survey scores.

MARS Mean ± SD, Median

How accurately/fast do the app features (functions) and components (buttons/menus) work? 4.2 ± 1.0, 4.0

How easy is it to learn how to use the app; how clear are the menu labels/icons and instructions? 4.2 ± 0.8, 4.0

Is moving between screens logical/accurate/ appropriate/uninterrupted; are all necessary screen links present? 4.3 ± 0.9, 5.0

Are interactions (taps/swipes/pinches/scrolls) consistent and intuitive across all components/screens? 4.4 ± 0.8, 5.0

MARS Functionality sub-score 4.3 ± 0.8, 4.8

How good does the app look? 3.2 ± 1.0, 3.0

SUS 10a Mean ± SD, Median

Total SUS score31 76.6 ± 18.5, 78.8

Usability sub-score 74.0 ± 19.7, 78.1

Learnability sub-score 86.8 ± 21.5, 100.0

Total SUS score percentile rank range30 70–79

NPS in appa Number (%)

0–6 (Detractors) 21 (42.9%)

7–8 (Passives) 16 (32.7%)

9–10 (Promoters) 12 (24.5%)

Net Promoter Score (Promoters % − Detractors %) −18.4

NPS from the final semi-structured (qualitative) interview Number (%)

0–6 (Detractors) 14 (28%)

7–8 (Passives) 10 (20%)

9–10 (Promoters) 26 (52%)

Net Promoters Score (Promoters % − Detractors %) 24

MARS: Mobile App Rating Scale; NPS: Net Promoter Score; n: number; SD: standard deviation; SUS: System Usability Scale.
aOne participant did not respond to one or more SUS questions, so percentages are based on 49 participants for this measure.
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Table 4. Qualitative analysis themes with illustrative comments.

Themes Concepts Selected Comments

1. The app is easy to use Most patients said that the app was easy to use
and had clear instructions about what to do
next.

“…it’s just very clear, and uncluttered. Um? You
just click on the thing you want, and it tells you
what to do. So, there’s no mystery to it.”

“It’s been really easy. I haven’t had any problems
with the app at all.”

2. The app is helpful Patients found the app and the Apple Watch
helpful for prompting them to increase their
level of movement during the day.

“Because it keeps you motivated and keeps you
active by requesting you to do those things.”

“Well, yes. I think it is helpful. I mean, to be keeping
track of this every week to see how I’m feeling or
how I’m describing I’m feeling or how my health
is improving or decreasing, and someone is
keeping track.”

3. Additional feedback from the
app would be useful

A recurring theme was the patients’ desire for
feedback, so that they could gauge their
progress over time.

“OK, perhaps feedback for the week or whatever…”
“I guess it would be nice to see progress or regress
over the months that I had it for.”

4. The content, frequency and
timing of some of the survey
questions could be
improved.

Respondents offered several suggestions based
on their experience with the app, such as
including open-ended questions, greater
clarity on the time frame for which their
responses were applicable, a wider possible
scale for their responses, and more specific,
less general questions.

They also suggested timing the frequency of the
surveys to how far along they were in their
treatment plan.

“It’s kind of vague as far as like pain. Like, I had
multiple types of pain. I had leg cramping, but I
also had headaches so maybe a little bit more
specific on the type of pain, OK?”

“I mean, to me, if you’re asking me how many
times did I have diarrhea last week, it’s a lot
easier for me to say three times as opposed to
have to think, “Well, I had diarrhea three times.
So would that be often or very often?” Who
knows what those words mean, really
(laughter)?”

“But if you were going through those harsher
[treatment] cycles, your answers are vastly
different.”

5. Enhance visuals in the app
and add reward features

Although they appreciated the simplicity of use
and clinical appearance, most of the patients
suggested that the app interface needed more
color, or to include features such as
“gamification,” where they could receive
points for completing tasks.

“It’s a nice clean screen. Nothing flashing. The
information you need presented in a clean
manner. I like that.”

“There’s no color. You know everybody loves
color.”

“Kind of like oh, I got an award for. I got a response
from making a. You know it would make me
want to come back more often.”

6. Notifications/Instructions Almost all patients said they wanted more
reminders and notifications when their tasks
were due.

Notifications should be coordinated with days
when tasks were scheduled.

Participants also indicated that the instruction
for movement tasks (e.g.: sit and stand)
needed to be clearer.a

“So, I didn’t get any notification that I needed to
look at my tasks, but I looked at it during the
week to see if I needed to.”

“Actually, where it says tasks, when it was blank, I
didn’t know if that was a mistake. So maybe it
should say no tasks today or something.”

“Because to open it and having nothing there. It’s
kind of like opening your Christmas and having it
empty three days and three days in a row of that,
it’s, you know. Not as motivating on the 4th day
to open it right?”

aWe used standard publicly available instructions for established tasks, indicating a gap that needs to be addressed for better participant understanding and
high-quality adherence.
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demographics. Second, the study was not designed at this
point to provide the collected information in real time dir-
ectly to the clinical team; this may have affected usage
and participant concerns about feedback. Future studies
that provide real-time, clinically relevant ePROs, and
digital data directly to clinical teams will most likely
reduce these concerns. Third, in some instances, it is diffi-
cult to distinguish features of the app itself from those of
Apple Watch. For instance, “motivation” to move may
come from the app or the Apple Watch’s push notifications.
Finally, although our sample size of 50 participants is con-
siderably larger than the <12 participants in many published
mHealth app usability studies,32 these study results are not
necessarily generalizable to those without a caregiver or
across the general population.

Strengths

Despite some limitations, our study had many advantages.
Using KPNC’s comprehensive EHR, we were able to effi-
ciently and rapidly identify dyads that were potentially eli-
gible to participate in the study. We were then able to
demonstrate the feasibility of a fully remote approach
using a smartphone app in an active treatment cancer popu-
lation that reflects real-world conditions. While there have
been other apps that have been used to obtain PROs from
cancer patients with a specific cancer or undergoing a spe-
cific treatment,33–38 there are not many apps that have been
shown to be feasible or usable in a broad range of cancers
across multiple treatments in a real-world setting. The
tested app is also unique in its integration of a digital activ-
ity monitor (Apple Watch). The willingness of users to
complete multiple surveys over the course of the study on
their own smartphone highlights the benefits of bringing
your own device39 and is encouraging for the expansion
of DCTs, which require less travel time for participants.
Moreover, testing the DBM app helped to elucidate the
potential for the development of in-app alerts sent to the
study team if distress measures completed by participants
exceeded a predetermined threshold, thus enabling remote
symptom monitoring of cancer patients enrolled in clinical
trials or standard care. An associated site application
enabled the research associate to monitor both recruitment
and compliance with in-app task completion; this could
be beneficial to improving data capture as well as limiting
missing data and ultimately regulatory submissions for
new therapies.

Future directions

We are further refining DBM for to help improve screening
of potential candidates for clinical trials. Screening will
include the ability to tailor the product to include question-
naires and active tasks for specific therapeutic areas and
study protocols. Further evaluations of DBM should

include an assessment of whether it is usable from the
standpoint of clinical trialists. Determining where in the
workflow it fits, and whether it improves benchmarks
such as trial speed, efficiency in monitoring adverse
events, and study endpoint data collection within the clin-
ical trial protocol are areas for further investigation.

Conclusions
Our study confirms the usability of the DBM app, a novel
BYOD smartphone-based app used by cancer patients in
conjunction with a wearable device (Apple Watch) using
a best practices approach described previously.14 DBM is
designed to collect PROs and record physical functions.
Cancer patients who used the DBM app over the course
of approximately a month reported above average usability.
Qualitative analyses indicated that the app was easy to use
and helpful. DBM appears to be feasible to use during
standard treatment to provide more in-depth reporting of
mental and physical health over time and could also be
used for remote clinical trial activities and symptom moni-
toring. In addition, remote evaluation of patients for eligi-
bility could help reduce both the study site and participant
burden and improve the study efficiency while driving
faster study timelines. Future work will emphasize imple-
menting the patient recommendations and evaluating the
app’s efficacy for symptom monitoring across a variety of
therapeutic areas.
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