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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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and is one reason trial populations rarely reflect actual
patient demographics.’ 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.®

Decentralized clinical trials (DCTs) represent an oppor-
tunity to reach more trial participants.” This can be achieved
partly by shifting many trial tasks from in-person clinics to
digital platforms using web-based or smartphone applica-
tions.® Smartphones are nearly ubiquitous in the United
States, even among older- and lower-income populations,’
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.?
The FDA has recognized the increasing use and importance
of PROs in clinical trials.'"® Moreover, integrating PROs
into clinical research has the potential to detect and better
manage adverse events and toxicities.'""'? 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.'® 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.'* 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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Table 1. DBM application: patient-reported outcome surveys, tasks, frequency, and completed percentage.

About You Cancer health literacy test-6 (CHLT-6)"° and demographics (number Baseline 100
of questions = 13%) (once)
Short Symptom National Cancer Institute Patient-Reported Outcomes version of the Weekly 100
Report Common Terminology Criteria for Adverse Events (PRO-CTCAE)*¢- (5 times)
subset of symptoms selected by subject matter experts,
Self-rated Eastern Cooperative Oncology Group performance status
(ECOG-PS)", and
Sleep and fatigue questions (number of questions = 44%)
Fast &4 Patient-Reported Outcomes Measurement Information System Weekly 99.6
(PROMIS) Item Bank v2.0—Physical Function Short Form 4a'® (5 times)
(number of questions = 4)
CoVID-19, Your COVID-19 testing, behavior, impact on care, and knowledge questions Baseline 100
Input (number of questions = 357) Study end
(twice)
Quick Check-in Financial and social distress, four patient engagement questions, and Baseline 100
the four-item Patient Health Questionnaire for anxiety and Study end
depression (PHQ4)*® (number of questions = 11) (twice)
Gait Pace Gait and balance predefined active task?® (20 steps plus standing still Weekly 92.8
for 30 s) (5 times)
Sit and Stand Sit to stand predefined active task** (over a 30-s duration) Weekly 94.8
(5 times)
App Feedback System Usability Scale (SUS)**?, the Net Promoter Score (NPS)*, Baseline 100
Mobile App Rating Scale (MARS)**—five questions about Halfway
functionality and visual appeal (number of questions = 16) Study end
(3 times)

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)).
*The maximum number of possible questions because in some surveys, additional questions were predicated on prior responses or allowed additional free

text input.

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
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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),> the entire
System Usability Scale (SUS),*****® and the Net
Promoter Score (NPS).>* 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.”> 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.”” 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 scale®*
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.”® 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 (JOG). 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% attrition®”
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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)."> 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.’® 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 O 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.
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Table 2. Participant background characteristics at the time of
consent (N = 50).

Gender
Female 39 (78%)
Male 11 (22%)
Ethnicity
Hispanic or Latino 4 (8%)
Not Hispanic or Latino 43 (86%)
Missing 3 (6%)
Race®
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.

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%)

Participants that indicated more than one race are listed as “Multiracial.”
No participant has been identified as an American Indian or an Alaska
native.

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

How accurately/fast do the app features (functions) and components (buttons/menus) work?
How easy is it to learn how to use the app; how clear are the menu labels/icons and instructions?
Is moving between screens logical/accurate/ appropriate/uninterrupted; are all necessary screen links present?

Are interactions (taps/swipes/pinches/scrolls) consistent and intuitive across all components/screens?

MARS Functionality sub-score

How good does the app look?

SuS 10°

Total SUS score®

Usability sub-score

Learnability sub-score

Total SUS score percentile rank range®

NPS in app®

0-6 (Detractors)

7-8 (Passives)

9-10 (Promoters)

Net Promoter Score (Promoters % — Detractors %)
NPS from the final semi-structured (qualitative) interview
0-6 (Detractors)

7-8 (Passives)

9-10 (Promoters)

Net Promoters Score (Promoters % — Detractors %)

4.2 +£ 1.0, 4.0

4.2 + 0.8, 4.0

4.3 £+ 0.9, 5.0

4.4 + 0.8, 5.0

43 + 0.8, 4.8

3.2 + 1.0, 3.0
Mean + SD, Median
76.6 + 18.5, 78.8
74.0 + 19.7, 78.1
86.8 + 21.5, 100.0
70-79

Number (%)

21 (42.9%)

16 (32.7%)

12 (24.5%)

—18.4

Number (%)

14 (28%)

10 (20%)

26 (52%)

24

MARS: Mobile App Rating Scale; NPS: Net Promoter Score; n: number; SD: standard deviation; SUS: System Usability Scale.
@0ne participant did not respond to one or more SUS questions, so percentages are based on 49 participants for this measure.

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
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Table &. Qualitative analysis themes with illustrative comments.

1. The app is easy to use Most patients said that the app was easy to use “...it’s just very clear, and uncluttered. Um? You
and had clear instructions about what to do just click on the thing you want, and it tells you
next. what to do. So, there’s no mystery to it.”

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

2. The app is helpful Patients found the app and the Apple Watch “Because it keeps you motivated and keeps you
helpful for prompting them to increase their active by requesting you to do those things.”
level of movement during the day. “Well, yes. I think it is helpful. | 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 A recurring theme was the patients’ desire for ~ “OK, perhaps feedback for the week or whatever...”
app would be useful feedback, so that they could gauge their “l guess it would be nice to see progress or regress

progress over time. over the months that | had it for.”

4. The content, frequency and  Respondents offered several suggestions based  “It’s kind of vague as far as like pain. Like, | had

timing of some of the survey on their experience with the app, such as multiple types of pain. | had leg cramping, but |
questions could be including open-ended questions, greater also had headaches so maybe a little bit more
improved. clarity on the time frame for which their specific on the type of pain, 0K?”
responses were applicable, a wider possible  “l mean, to me, if you’re asking me how many
scale for their responses, and more specific, times did | have diarrhea last week, it’s a lot
less general questions. easier for me to say three times as opposed to
They also suggested timing the frequency of the have to think, “Well, | had diarrhea three times.
surveys to how far along they were in their So would that be often or very often?” Who
treatment plan. 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  Although they appreciated the simplicity of use  “It's a nice clean screen. Nothing flashing. The

and add reward features and clinical appearance, most of the patients information you need presented in a clean
suggested that the app interface needed more manner. | like that.”
color, or to include features such as “There’s no color. You know everybody loves
“gamification,” where they could receive color.”
points for completing tasks. “Kind of like oh, | got an award for. | 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 “So, | didn’t get any notification that | needed to
reminders and notifications when their tasks look at my tasks, but | looked at it during the
were due. week to see if | needed to.”

Notifications should be coordinated with days “Actually, where it says tasks, when it was blank, |
when tasks were scheduled. didn’t know if that was a mistake. So maybe it
Participants also indicated that the instruction should say no tasks today or something.”
for movement tasks (e.g.: sit and stand) “Because to open it and having nothing there. It's
needed to be clearer.? 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?”

*We 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, 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,>*~® 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 device® 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.'* 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.

Acknowledgments: The content is solely the responsibility of the
authors and does not necessarily represent the official views of the
National Institutes of Health. This study could not have been done
without the able assistance of Anushka Gupta, who conducted
initial data analysis, Vandana Shah and Yasamin Miller, who
coded the semi-structured interviews and contributed to the
thematic analysis, and Elaine M. Kurtovich, KPNC Research
Project Manager.

Author contributions: IOG and SWD researched literature and
conceived the study. EN, RL, MER, and AK were involved in
protocol development, IRB approval, and patient recruitment.
SA prepared data files and data dictionaries. SJF provided data
analysis with input and direction from IOG and SWD. I0G and
RY completed the semi-structured interviews. SWD wrote the
first draft of the manuscript and I0G provided significant edits
and input. All authors reviewed and edited the manuscript and
approved the final version of the manuscript.

Declaration of conflicting interests: The author(s) declared the
following potential conflicts of interest with respect to the
research, authorship, and/or publication of this article: IOG,
SWD, and RY are employed by Medable Inc., which developed
the DBM app with funding from the National Institutes of
Health through the Small Business Innovation Research program
with the National Cancer Institute. SJF is subcontracted to work
with Medable to analyze the study data.




10

DIGITAL HEALTH

Ethical approval: The KPNC Institutional Review Board
approved this study. We obtained informed consent from
participants prior to any data collection.

Funding: The author(s) disclosed receipt of the following
financial support for the research, authorship, and/or publication
of this article. This work was supported by the HHS NIH (grant
number HHSN261201800010C).

Guarantor: 10G.

ORCID iDs: Ingrid Oakley-Girvan (%) https:/orcid.org/0000-0003-

0328-921X

Raymond Liu (2} https:/orcid.org/0000-0002-4667-9632
Sara Aghaee https:/orcid.org/0000-0003-4912-5069
References

1. de Moor JS, Mariotto AB, Parry C, et al. Cancer survivors in
the United States: prevalence across the survivorship trajectory
and implications for care. Cancer Epidemiol Biomarkers Prev
2013; 22(4): 561-570.

2. American Cancer Society. Cancer facts & figures, 2022.
Atlanta, Georgia: American Cancer Society, 2022.

3. Chaudhari N, Ravi R, Gogtay NJ, et al. Recruitment and
retention of the participants in clinical trials: challenges and
solutions. Perspect Clin Res 2020; 11(2): 64-69.

4. Unger JM, Vaidya R, Hershman DL, et al. Systematic review
and meta-analysis of the magnitude of structural, clinical, and
physician and patient barriers to cancer clinical trial participa-
tion. J Natl Cancer Inst 2019; 111(3): 245-255.

5. Feyman Y, Provenzano F and David FS. Disparities in clinical
trial access across US urban areas. JAMA Netw Open 2020;
3(2): e200172.

6. Waterhouse DM, Harvey RD, Hurley P, et al. Early impact of
COVID-19 on the conduct of oncology clinical trials and
long-term opportunities for transformation: findings from an
American Society of Clinical Oncology Survey. JCO Oncol
Pract 2020; 16(7): 417-421.

7. Khozin S and Coravos A. Decentralized trials in the age of
real-world evidence and inclusivity in clinical investigations.
Clin Pharmacol Ther 2019; 106(1): 25-27.

8. Dorsey ER, Kluger B and Lipset CH. The new normal in clinical
trials: decentralized studies. Ann Neurol 2020; 88(5): 863—-866.

9. Pew Research Center. Mobile fact sheet. In. Demographics of
mobile device ownership and adoption in the United States.
Vol 9/8/2021: pewresearch.org; 2021.

10. U.S. Food and Drug Administration. Patient-reported outcome
measures: use in medical product development to support label-
ing claims. Guidance for Industry. December, 2009. Available
at: https:/www.fda.gov/regulatory-information/search-fda-
guidance-documents/patient-reported-outcome-measures-
use-medical-product-development-support-labeling-claims
(accessed 3 May 2023.

11. Gotay CC, Kawamoto CT, Bottomley A, et al. The prognostic
significance of patient-reported outcomes in cancer clinical
trials. J Clin Oncol 2008; 26(8): 1355-1363.

12.

13.

14.

15.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Mierzynska J, Piccinin C, Pe M, et al. Prognostic value of
patient-reported outcomes from international randomised
clinical trials on cancer: a systematic review. Lancet Oncol
2019; 20(12): e685—e698.

National Cancer Institute. Severe side effects of cancer treat-
ment are more common in women than men. News and
Events. March 15, 2022. Available at: https:/www.cancer.
gov/news-events/cancer-currents-blog/2022/cancer-treatment-
women-severe-side-effects (accessed 3 May 3 2023).
Oakley-Girvan I, Davis SW, Kurian A, et al. Development of
a mobile health app (TOGETHERCare) to reduce cancer care
partner burden: product design study. JMIR Form Res 2021;
5(8): 22608.

Dumenci L, Matsuyama R, Riddle DL, et al. Measurement of
cancer health literacy and identification of patients with
limited cancer health literacy. J Health Commun 2014;
19(Suppl. 2): 205-224.

. Basch E, Reeve BB, Mitchell SA, et al. Development of the

National Cancer Institute’s patient-reported outcomes version
of the common terminology criteria for adverse events
(PRO-CTCAE). J Natl Cancer Inst 2014; 106(9): dju244.
Oken MM, Creech RH, Tormey DC, et al. Toxicity and
response criteria of the Eastern Cooperative Oncology
Group. Am J Clin Oncol 1982; 5(6): 649-655.

Bevans M, Ross A and Cella D. Patient-reported outcomes
measurement information system (PROMIS): efficient, stan-
dardized tools to measure self-reported health and quality of
life. Nurs Outlook 2014; 62(5): 339-345.

Kroenke K, Spitzer RL, Williams JB, et al. An ultra-brief
screening scale for anxiety and depression: the PHQ-4.
Psychosomatics 2009; 50(6): 613-621.

Apple Research Kit. Active Tasks. Research Kit. http:/
researchkit.org/docs/docs/ActiveTasks/ActiveTasks.html.
Published 2018 (accessed 8 October 2022).

Centers for Disease Control and Prevention. Stopping elderly
accidents, deaths and injuries (STEADI). https:/www.cdc.
gov/steadi/. Published 2021 (accessed 26 July 2022).
Bangor A, Kortum PT and Miller JT. An empirical evaluation
of the system usability scale. Int J Human—Comput Inter
2008; 24(6): 574-594.

Sauro J. Measuring usability with the system usability scale
(SUS). In: Measuring usability with the system usability
scale (SUS). Vol 2022. Measuring U.2011.

Reichheld FF. The one number you need to grow. Harv Bus
Rev 2003; 81(12): 46-55.

Stoyanov SR, Hides L, Kavanagh DJ, et al. Mobile app rating
scale: a new tool for assessing the quality of health mobile
apps. JMIR Mhealth Uhealth 2015; 3(1): e27.

Usability.gov (archived). System Usability Scale (SUS).
Available at: https:/www.usability.gov/how-to-and-tools/methods/
system-usability-scale.html (accessed 3 May 2023).

Lewis JR and Sauro J. The factor structure of the system
usability scale. Paper presented at: International conference
on human centered design 2009.

Braun V and Clarke V. Using thematic analysis in psych-
ology. Qual Res Psychol 2006; 3(2): 77-101.

Pratap A, Neto EC, Snyder P, et al. Indicators of retention in
remote digital health studies: a cross-study evaluation of
100,000 participants. NPJ Digit Med 2020; 3: 21.



https://orcid.org/0000-0003-0328-921X
https://orcid.org/0000-0003-0328-921X
https://orcid.org/0000-0003-0328-921X
https://orcid.org/0000-0002-4667-9632
https://orcid.org/0000-0002-4667-9632
https://orcid.org/0000-0003-4912-5069
https://orcid.org/0000-0003-4912-5069
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/patient-reported-outcome-measures-use-medical-product-development-support-labeling-claims
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/patient-reported-outcome-measures-use-medical-product-development-support-labeling-claims
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/patient-reported-outcome-measures-use-medical-product-development-support-labeling-claims
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/patient-reported-outcome-measures-use-medical-product-development-support-labeling-claims
https://www.cancer.gov/news-events/cancer-currents-blog/2022/cancer-treatment-women-severe-side-effects
https://www.cancer.gov/news-events/cancer-currents-blog/2022/cancer-treatment-women-severe-side-effects
https://www.cancer.gov/news-events/cancer-currents-blog/2022/cancer-treatment-women-severe-side-effects
https://www.cancer.gov/news-events/cancer-currents-blog/2022/cancer-treatment-women-severe-side-effects
http://researchkit.org/docs/docs/ActiveTasks/ActiveTasks.html
http://researchkit.org/docs/docs/ActiveTasks/ActiveTasks.html
http://researchkit.org/docs/docs/ActiveTasks/ActiveTasks.html
https://www.cdc.gov/steadi/
https://www.cdc.gov/steadi/
https://www.cdc.gov/steadi/
https://www.usability.gov/how-to-and-tools/methods/system-usability-scale.html
https://www.usability.gov/how-to-and-tools/methods/system-usability-scale.html
https://www.usability.gov/how-to-and-tools/methods/system-usability-scale.html

Oakley-Girvan et al.

11

30.

31.

32.

33.

34.

35.

Sauro J. 5 ways to interpret a SUS score. In: 5 ways to inter-
pret a SUS score. Vol. 2022. Measuring U.2018.

Smyk A. The system usability scale and how it’s used in UX.
In. Vol 2022. XD.Adobe.2020.

Maramba I, Chatterjee A and Newman C. Methods of usabil-
ity testing in the development of eHealth applications: a
scoping review. Int J Med Inform 2019; 126: 95-104.

Min YH, Lee JW, Shin YW, et al. Daily collection of self-
reporting sleep disturbance data via a smartphone app in
breast cancer patients receiving chemotherapy: a feasibility
study. J Med Internet Res 2014; 16(5): el35.

Teckie S, Solomon J, Kadapa K, et al. A mobile patient-facing
app for tracking patient-reported outcomes in head and neck
cancer survivors: single-arm feasibility study. JMIR Form
Res 2021; 5(3): €24667.

Zini EM, Lanzola G, Quaglini S, et al. A pilot study of a
smartphone-based monitoring intervention on head and neck
cancer patients undergoing concurrent chemo-radiotherapy.
Int J Med Inform 2019; 129: 404—412.

36.

37.

38.

39.

Benze G, Nauck F, Alt-Epping B, et al. PROutine: a feasibil-
ity study assessing surveillance of electronic patient reported
outcomes and adherence via smartphone app in advanced
cancer. Ann Palliat Med 2019; 8(2): 104-111.

Trojan A, Huber U, Brauchbar M, et al. Consilium smart-
phone app for real-world electronically captured patient-
reported outcome monitoring in cancer patients undergoing
anti-PD-L1-directed treatment. Case Rep Oncol 2020;
13(2): 491-496.

Kneuertz PJ, Jagadesh N, Perkins A, et al. Improving patient
engagement, adherence, and satisfaction in lung cancer surgery
with implementation of a mobile device platform for patient
reported outcomes. J Thorac Dis 2020; 12(11): 6883-6891.
Mowlem FD, Tenaerts P, Gwaltney C, et al. Regulatory
acceptance of patient-reported outcome (PRO) data from
bring-your-own-device (BYOD) solutions to support
medical product labeling claims: let’s share the success
stories to move the industry forward. Ther Innov Regul Sci
2022; 56(4): 531-535.




	 Introduction
	 Methods
	 Application development
	 Application content and functionality
	 Participant recruitment
	 Ethics approval
	 Procedures
	 Measures
	 Analysis

	 Results
	 Recruitment and retention
	 Background characteristics of respondents
	 Task completion
	 Mobile app rating scales
	 Semi-structured interviews

	 Discussion
	 Principal findings
	 Improving engagement
	 Limitations
	 Strengths
	 Future directions

	 Conclusions
	 Acknowledgments
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


