1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Support Care Cancer. Author manuscript; available in PMC 2022 October O1.

-, HHS Public Access
«

Published in final edited form as:
Support Care Cancer. 2021 October ; 29(10): 5741-5751. doi:10.1007/s00520-021-06146-4.

Leveraging mobile health technology and research methodology
to optimize patient education and self-management support for
advanced cancer pain

Desiree R. Azizoddin1:2:3, Rosalind Adam#, Daniela Kessler®, Alexi A. Wright?-°, Benjamin
Kematick?!, Clare Sullivan, Haipeng Zhang!2:6, Michael J. Hassett?, Mary E. Cooley?”,
Olga Ehrlich’, Andrea C. Enzingerl:2:5

1Department of Psychosocial Oncology and Palliative Care, Dana Farber Cancer Institute,
Boston, MA, USA

2Harvard Medical School, Boston, MA, USA

3Department of Emergency Medicine, Harvard Medical School, Brigham and Women’s Hospital,
75 Francis St, Thorn Building, Boston, MA 13-1303, USA

4Institute of Applied Health Sciences, University of Aberdeen, Aberdeen, UK
5Division of Population Sciences, Dana Farber Cancer Institute, Boston, MA, USA
6Brigham Digital Innovation Hub, Brigham and Women'’s Hospital, Boston, MA, USA

"Phyllis F. Cantor Center, Dana-Farber Cancer Institute, Boston, MA, USA

Abstract

Purpose—Patient education is critical for management of advanced cancer pain, yet the
benefits of psychoeducational interventions have been modest. We used mabile health (mHealth)
technology to better meet patients’ needs.

Methods—Using the Agile and mHealth Development and Evaluation Frameworks, a
multidisciplinary team of clinicians, researchers, patients, and design specialists followed a four-
phase iterative process to develop comprehensive, tailored, multimedia cancer pain education for
a patient-facing smartphone application. The target population reviewed the content and provided
feedback.
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Results—The resulting application provides comprehensive cancer pain education spanning
pharmacologic and behavioral aspects of self-management. Custom graphics, animated videos,
quizzes, and audio-recorded relaxations complemented written content. Computable algorithms
based upon daily symptom surveys were used to deliver brief, tailored motivational messages that
linked to more comprehensive teaching. Patients found the combination of pharmacologic and
behavioral support to be engaging and helpful.

Conclusion—Digital technology can be used to provide cancer pain education that is engaging
and tailored to individual needs. A replicable interdisciplinary and patient-centered approach to
intervention development was advantageous. mHealth interventions may be a scalable approach to
improve cancer pain. Frameworks that merge software and research methodology can be useful in
developing interventions.
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Introduction

Pain affects 75-90% of patients with advanced incurable cancer [1, 2] and has a major
impact on quality of life. Opioids are considered the standard treatment for moderate to
severe cancer pain [3]; however, many patients experience poorly controlled pain despite
having access to opioids [4, 5].

Patients frequently lack the knowledge, self-management skills, and support needed to
utilize opioids and manage their pain effectively [6]. To meet these needs, psychoeducational
interventions have been extensively evaluated for cancer pain [7, 8]. Unfortunately, meta-
analyses suggest that psychoeducational cancer pain interventions have yielded only small
improvements in pain severity and functional well-being [7-9]. This limited efficacy may
relate to shortcomings in existing interventions, many of which have delivered static cancer
pain education (e.g., booklets, videos). Such tools have minimal opportunities for active
learning, they are generally not tailored to patients’ specific needs, and they are unable

to provide longitudinal support that addresses the dynamic nature of the cancer pain
experience [6, 10-13]. Moreover, few educational interventions include content reviewing
the underlying psychological and behavioral processes that influence pain self-management,
such as motivation, stress management, self-efficacy, and addiction fears—which are
particularly important in light of the current opioid epidemic [4, 5, 10, 11, 14, 15].

Mobile health (mHealth) technology is a promising yet underutilized strategy to tailor

and deliver cancer pain psychoeducation to patients in their home, and to harmonize
education with support for other critical aspects of self-management such as medication
organization, supporting care team communication, and real-time symptom management
advice. Most mHealth apps developed for cancer pain facilitate pain reporting without
tailored psychoeducation [13, 16, 17]. Others have taught behavioral pain management
strategies via pre-recorded lessons or video chat with a therapist, but have had limited
support for the medical aspects of self-management [12, 18, 19]. Existing mHealth symptom
support interventions have not fully capitalized upon the technology to personalize symptom
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education and support (i.e., using computable algorithms, or patient-facing clinical decision
support) [12, 19]. There has also been little emphasis on exploiting creative, user-centered
design possibilities to enhance the impact of the education itself [13, 20].

A critical barrier to realizing the full potential of mHealth for symptom education
interventions is the dearth of literature describing reproducible intervention development
methodologies. While mHealth possesses unique possibilities for presenting and delivering
educational content, this comes with unique challenges. Research teams must find ways

to bridge the perspectives of content, programming, and graphic design experts, and

target users (i.e., patients). Detailed descriptions of these processes, and particularly
methods to integrate patient perspectives, are currently lacking in the literature [12,

21-23]. The Smartphone Technology to Alleviate Malignant Pain (STAMP) study aims

to optimize opioid management for advanced cancer pain through mHealth technology.
Here we describe a rigorous, reproducible methodology to develop comprehensive cancer
pain psychoeducation for delivery via an mHealth application—while integrating patient
perspectives throughout. Our objective was to develop comprehensive cancer pain education
materials formatted for mHealth, and to leverage the unique potential of technological
solutions to deliver education to patients in a way that is responsive to their personalized and
unique pain management needs in the moment they need it.

Procedures for development

We drew from both the Agile [24] and mHealth Development and Evaluation Framework
[21] models to develop our application. Both are well-established, highly iterative software
development frameworks built upon real-time, interdisciplinary collaborations with feedback
from target users during each phase [21, 24, 25]. These methodologies emphasize being
guided by the existing literature and building upon theoretical models that align with
anticipated mechanisms of action [26-28]. These models also emphasize the importance of
interdisciplinary collaborations that include content experts, technologic and design experts,
and target users. Modeled after the mHealth Development and Evaluation Framework

[25], our content and application development was carried out in four, pragmatic phases
including (1) defining the theoretical and conceptual basis, (2) refining concepts through
formative research, (3) developing and optimizing content, and (4) refining intervention
content. Borrowing from the Agile framework [21], STAMP development involved the target
population and key stakeholders (researchers, software and design partnerships, patients,
and clinicians) to employ rapid cycles of content review and feedback that drive iterative,
responsive-to-change development procedures within and between each phase (see Fig. 1;
Table S1). This study was approved by the Dana-Farber Cancer Institute (DFCI) Institutional
Review Board (#18-504).

Phase 1: Defining the theoretical and conceptual basis of STAMP

Theoretical basis—Grounded in Wagner’s Chronic Care Model (CCM) [29], the
underlying goal of STAMP is to use mHealth to support both advanced cancer patients
and a paired clinician portal to connect care teams for the management of cancer pain in the
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outpatient setting. CCM emphasizes redesign of reactive, acute-episode-oriented approach
to care delivery, in favor of proactive interactions between activated/informed patients, and
prepared/proactive care teams.

Establishing a primary study team, scoping, and refining intervention
priorities—The primary study team included content experts in oncology, palliative care,
pain psychology, and nursing—many have expertise in health information technology and
cancer care delivery research. At the outset of the project, the primary team met several
times to refine the overarching project goals and to map these goals onto application
features. We then had a series of meetings with a digital media consultant and software
programmers to scope the application. We modified and eliminated aspects that were too
complex, costly, or deemed less relevant by our stakeholder panels.

Phase 2: Refining concepts through formative research

Engagement of patient and professional stakeholders—To further guide
development of the application, we recruited members for a Patient Advisory Panel by
partnering with the Patient Family Advisory Council of a large academic cancer center and
by clinician referrals. Patients were invited if they had personal experience with cancer pain
and had used opioids. We also formed a Clinician Advisory Panel by recruiting a diverse
group of clinicians and researchers with expertise in cancer pain management (see Table
S2).

Stakeholder engagement processes—Clinician and patient advisors were oriented
to the project goals during separate kick-off meetings at the initial stages of the project.
Thereafter, the clinician advisory panel met in biweekly working meetings dedicated

to defining priority content, brainstorming, reviewing and revising draft materials, and
providing feedback on issues of formatting and visual design. The patient advisory panel
met with the primary research team quarterly to provide input on priority content areas and
to provide feedback on draft content to ensure that it met the needs of our target population.

Determination of priority content areas—The study team reviewed publicly available,
patient-facing cancer pain education materials from leading oncology organizations (Table
S3) [30-34] and published descriptions of content from cancer pain psychoeducational
interventions [8]. The team then created a spreadsheet of potential topics for inclusion,
indexing examples from existing materials, identifying topics to eliminate or add, and
suggesting areas that were important to refine. Patient advisors also reviewed the priority
content areas, highlighting information they “wished they knew earlier on.”

Phase 3: Developing and optimizing content

Identifying mHealth formats to enhance usability and patient engagement—
The primary study team, graphic designers, and advisory panels discussed formatting
options for the educational content. A matrix was created to decide which format(s) content
areas would be presented with the most important content presented through multiple
formats (Table 1).
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Development of educational content—The study team and a digital media consultant
met regularly to draft and refine written content. The team prioritized a conversational

and empathic tone [35], and integrated analogies, metaphors, and visuals to enhance

clarity. Drawing from clinical experience and standard pharmacologic databases (e.qg.,
Micromedex), the team also developed novel comprehensive teaching materials for
commonly used opioid/non-opioid analgesics and laxatives keeping with the patient-
centered, conversational writing style. Concepts and scripts for animated educational videos
were developed through a group writing process. The pain psychologist on the study team
(D.R.A.) developed scripts for relaxation exercises.

Production of educational content—Written materials were developed using best
practices [36], including targeting a 6th—8th grade reading level, using headers and bulleted
lists, defining medical terms, and creating content summaries and action steps. We used

a web-based content management system to create a user-friendly smartphone display

with color-coded headers, accordion graphical control elements (i.e., collapsible/expandable
lists), paired visuals, and hyperlinks to cross-reference—related materials.

Prioritizing strong visuals and creative information display, we collaborated with a digital
media consultant and artists to develop animated characters to be featured within the
application and 2D animated videos. Characters were designed to be warm and relatable,
without specific gender or racial hallmarks, yet still registering as human. After our media
specialist mocked-up storyboards, the scripts were recorded by a professional voice actor
and ultimately animated into 2D films. Graphic designers then integrated visual design
features into the application (see Fig. 2).

Stakeholder review, quality assurance, and iterative content refinement—Each
production process involved iterative rounds of feedback from the study team and advisory
panels to ensure that they were clear, accurate, useful, and actionable for patients [36]. Once
the content was in close to final form, the clinician advisory panel systematically rated

them using the 24-item Patient Education Materials Assessment Tool-Printable materials
(PEMAT-P) [37, 38] to provide understandability (range 0-116) and actionability scores
(range 0-38, higher scores are better). We used the “Health Literacy Advisor” software
program assigned a Fry-based grade level [39].

Phase 4: Refining intervention content

Patient feedback and revisions—Following phases 1-3, we conducted individual, in-
depth interviews with our target population to obtain feedback on the educational content,
design, and wireframes. Eligible patients were adults with an advanced cancer who had

used opioids for cancer-related pain. Following consent, trained interviewers (D.A. and
D.K.) conducted in-person, semi-structured individual interviews using standard cognitive
interviewing techniques (e.g., think alouds, rephrasing) to assess the acceptability and

clarity of the content, supplemented by questions about its usefulness and suggestions for
improvements. Once the content was refined, a separate cohort of participants reviewed and
provided feedback on wireframes, design concepts, and audiovisual content. Interviews were
audio-recorded, and notes were then reviewed to inform content revisions.
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Finally, once a clickable prototype of the intervention had been developed, we enrolled
participants and conducted user acceptability testing (UAT) with our target population
(identical eligibility criteria). UAT similarly utilized standard cognitive interviewing
techniques (e.g., “think alouds,” paraphrasing) to explore whether the content was usable
and easy to understand within the context of the prototype app. User acceptability was
measured using the 5-item Acceptability E-scale for web-based patient-reported outcomes in
cancer care, using a 5-point Likert scale [40].

Patient and professional stakeholders

In addition to our primary study team, we formed a multidisciplinary clinician advisory
panel that included 11 specialists (Table S2). Six patient advisors joined the patient advisory
panel.

Scoping and refining intervention priorities

Discussing priorities with our advisory panels, software programmers, and design experts
(Establishing a primary study team, scoping, and refining intervention priorities), we
agreed upon the following set of core application features: (1) a resource library with
comprehensive multimedia symptom education, (2) a virtual “medicine cabinet” to organize
and provide specific teaching for patients’ analgesics, and (3) daily symptom and medication
reporting, (4) delivery of tailored educational messages driven by patients’ reported
symptoms, (5) patient-facing clinical decision support to provide specific advice for
managing laxatives, and (6) a web-based clinician portal to facilitate patient monitoring,
proactive outreach, and communication. Several potential features (e.g., a system of “on
demand” pain reporting, clinician-facing decision support tools) were eliminated because
they were too costly from a programming perspective, or they were considered to be less
useful by our patient stakeholders.

Review of publicly available cancer pain education and determination of priority content

areas

We found that most patient-facing cancer pain educational materials explained types of
cancer pain, treatment options, opioid formulations, opioid side effects, and communicating
pain with their care team (see Table S3). Available resources were text-heavy with few
visuals, and most focused on how clinicians assess and treat cancer pain—rather than
providing self-management advice [8]. Attention to psychological/behavioral contributors
to pain was lacking, and behavioral pain management strategies were generally limited to
bulleted lists of techniques without any information on how to access or learn them [8].

There was a strong consensus from the advisory panels that the application should differ
from publicly available materials by focusing primarily on self-management support and
that it should integrate education on pharmacologic, psychological, and behavioral self-
management approaches (see Table 1). It was considered important to provide specific
and actionable advice that addresses common practical challenges; for example, instead
of simply describing what opioid medications are often prescribed, providing specific
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suggestions for what a patient should do if they miss a dose of their scheduled opioid.
Patient stakeholders wanted its content to validate the difficulty of their experience with
cancer pain, to mitigate stigma associated with opioid use, and to encourage self-care and
accepting help.

Final educational content

Through our iterative process of prioritizing educational content areas, matching content
to specific formats, drafting, and revising the content, we ultimately developed 3 animated
videos, 22 long-form texts with supportive visuals, 12 quizzes to highlight common self-
management challenges (paired with visuals), 108 brief educational and/or motivational
messages, comprehensive teaching for 34 distinct medications, and 11 audio-recorded
relaxation exercises. Broadly speaking, the content spanned pharmacologic and non-
pharmacologic approaches of pain self-management including five primary topics (Table
1): (1) using medications effectively, (2) constipation management, (3) pain psychology
principles, (4) health behaviors and pain, and (5) skills training. See Table S4 for PEMAT
scoring.

The three videos ranged from 1:29 to 2:36 min and used animated characters developed
specifically for the project (see Fig. 2) [41, 42]. The first video explained how opioids can
help cancer pain, invited patients to identify their pain management goals, acknowledged
common worries and ambivalence regarding opioid use, and encouraged patient-provider
communication to address concerns. The second video explained short- and long-acting
opioids utilizing a metaphor, and the third video reviewed activity pacing, a behavioral
technique to achieve meaningful physical activity goals.

The characters were used to generate visuals that supported longer-form text-based
education regarding major topics. From each long-form text, we identified several core
principles which were reformatted into short teaching “pearls” of motivational messages that
could be “pushed” to patients (Table S5). To create active learning opportunities, we created
quizzes surrounding common self-management challenges. Comprehensive drug teaching
for opioid/non-opioid analgesics and laxatives was developed by identifying patients’

core information needs (e.g., “how long will it take to work?”), extracting information

from pharmacologic databases, and using this to draft novel, patient-friendly explanations.
Because opioid-induced constipation was considered particularly challenging for patients to
self-manage, the team not only developed constipation and laxatives teaching materials but
also developed stepwise instructions for titrating over-the-counter laxatives.

Mechanisms to deliver and tailor educational content to patients’ symptoms
—We developed several strategies to present the educational content, and to tailor its
delivery to patients’ needs. First, all long-form content, videos, and relaxation recordings
were available within a browsable resource library. Second, a virtual “Medicine Cabinet”
organized the patients’ specific medications into as-needed pain medications, scheduled pain
medications, a daily laxative plan, and a constipation “rescue plan.” Each medication linked
to novel, in-depth medication teaching. Finally, we developed mechanisms to deliver brief
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educational messages and self-management advice tailored to patients’ symptoms on a given
day.

Following completion of daily symptom reports (Scoping and refining intervention
priorities), patients received a survey summary with tailored advice for pain, constipation,
and opioid side effects. Regarding pain, computable algorithms based upon 3 survey
items classified patients’ pain control as being “good,” “suboptimal,” or “poor” (Fig.

3). This triggered the delivery of a brief, tailored message randomly selected from a
message-bank spanning topics of pharmacologic education, insight-building, motivating
toward pain management goals, pain psychology, and relaxation exercises (Table S5).
Each message began with an empathic statement (“Sorry to hear your pain isn’t doing
well today™) was paired with the image of an animated character expressing an emotional
reaction paralleling their level of pain control and linked to more comprehensive education.
Regarding constipation, clinical decision support algorithms generated specific advice on
laxative dosing options and when to contact care teams for severe symptoms.

Assessment of content, patient testing, and revisions—After content revisions,
we enrolled patients who were not previously oriented to the app to review wireframes of
the content and its delivery (= 14), and UAT of the application (7= 7). The primary
study team completed content thematic analysis of patients’ feedback on the educational
content and related app features. Primary themes included (1) clarity, (2) visual appeal, (3)
usefulness, and (4) engagement. Clarity was most commonly mentioned, with the majority
of participants describing the content as “clear,” “simple,” and “easy to understand.” Visual
appeal was referenced by many; participants were particularly receptive to how the visuals
balanced the amount of text presented on wireframes. One patient explained,

“I like the amount of verbiage you have on here...It’s informative... | like having the
separate pages and smaller pieces to read, than | would a larger document. So, user-
friendliness is great.”

Engagement was often mentioned in conjunction with visual appeal. Participants described
the videos as being “helpful” and “a great reminder”; however, a few participants indicated
they would not be interested in being entertained during pain episodes. Usability was
commonly mentioned as a strength of the content during both wireframe and UAT testing.
The majority emphasized that the content was clear and the methods of delivery were
particularly useful. Participants commented that the content was “informative,” examples
were “relatable,” and that the information available within the app provided “answers to
[common patient] questions” and would help them formulate “an action plan” for their pain.
Most participants expressed that they had learned valuable information from the materials,
and several asked if they could take copies home, serving as further evidence to the content’s
usefulness. During UAT, patients responded to the intervention saying,

“It’s a fantastic idea. As one who was living in constant pain, | was not one to call the
doctor. If I had this resource available, things maybe would have changed for me a lot faster
than they did,”
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and,

“| like that it’s inter-generational. My 90 year-old mother could navigate through this app, as
well as my 30 year-old son.”

Mean acceptability ratings (range1l-5) of the app were high scores for all domains assessed:
overall satisfaction (/m = 4.7), enjoyability (/m = 4.9), time required (/m=5), ease of use (m=
4.6), and understandability (/7= 4.6) on a 5-point Likert scale.

Discussion

We combined elements of the Agile [24] model and the mHealth Development and
Evaluation Framework [21] to create a novel mHealth app for cancer pain. This theory-
driven approach [29] enabled us to build upon existing evidence and integrate multiple
perspectives in an efficient and reproduceable manner. Most importantly, patients with
cancer pain (our target users) were at the center of the development process and helped
to prioritize content, refine this content, and optimize the user experience. We created
extensive educational content about cancer pain, spanning pharmacological, psychological,
and behavioral strategies, and we presented all content in several multimedia formats that
were integrated with patients’ daily symptom reports. Informed by our patient, clinician,
mHealth, and design partners, the mHealth app was designed to be inviting, empathetic,
conversational, and informative to promote patient engagement [13, 20].

Digital technology enabled us to optimize cancer pain education and self-management
support in several unique ways. First, we were able to present key materials in

multiple formats including animated videos, audio-recorded relaxations, educational text
with supportive visuals, quizzes, and brief motivational messages. Second, using a web-
based content management system allowed us to make the educational materials more
interactive through features including collapsible/expandable lists and embedded links to
complementary content. Third, we were able to match the education to patients’ specific
needs, for example, by delivering tailored motivational messages and self-management
advice based upon patients” symptom reports. In user acceptability testing, patients found
the educational content to be enjoyable, engaging, relevant to their concerns and easy to
navigate.

Although mHealth is increasingly popular, processes and frameworks to guide mHealth
intervention development are lacking [21, 22]. mHealth development requires collaboration
between software programmers, graphic design specialists, behavioral scientists, content
experts, and patients—who often have different approaches to work. Projects can easily fail
because of the inherent challenges of these trans-disciplinary collaborations, and because
of the difficulty balancing theoretical, clinical, and technical needs [24]. Our development
approach integrated ongoing multidisciplinary collaboration with opportunities for rapid
cycle feedback—which enabled us to create an evidence-based, patient-centered, and user-
friendly product. These reproduceable methods may allow other teams of investigators to
create technologic patient educational interventions that are evidence-based, grounded in
theory, patient-centered, and hopefully effective.
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While our study has many strengths, it also has limitations. First, this developmental study
occurred largely at a single academic medical center; perspectives on mHealth for cancer
pain may differ amongst providers and patients in other settings. Second, although 81% of
adults in the USA now own a smartphone [43], some cancer patients may prefer not to
receive education and symptom support through this mechanism. Third, patients had highly
favorable opinions of the educational content and a prototype of the application; however,
the feasibility and efficacy of the intervention need to be tested. We are currently conducting
a pilot feasibility study of STAMP, and are planning a randomized study;, to test its ability

to improve patients’ pain outcomes (pain intensity, pain interference) and secondarily opioid
use, psychological well-being, physical function, and care team engagement.

The development and production methodology of STAMP presented in this manuscript can
serve as a successful example of joint scientific research, clinical, patient, and technological
collaborations to create a novel technological intervention geared to treating a complex
medical symptom—advanced cancer pain.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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