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Abstract

Purpose—We developed and piloted a mobile health app to deliver cognitive behavioral therapy
for pain (pain-CBT), remote symptom monitoring, and pharmacologic support for patients with
pain from advanced cancer.

Methods—Using an iterative process of patient review and feedback, we developed the STAMP
+ CBT app. The app delivers brief daily lessons from pain-CBT and pain psychoeducation,
adapted for advanced cancer. Daily surveys assess physical symptoms, psychological symptoms,
opioid utilization and relief. Just-in-time adaptive interventions generate tailored psychoeducation
in response. We then conducted a single-arm pilot feasibility study at two cancer centers. Patients
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with advanced cancer and chronic pain used the app for 2 or 4 weeks, rated its acceptability and
provided feedback in semi-structured interviews. Feasibility and acceptability were defined as =
70% of participants completing = 50% of daily surveys, and = 80% of acceptability items rated >
4/5.

Results—Fifteen participants (female = 9; mean age = 50.3) tested the app. We exceeded our
feasibility and accessibility benchmarks: 73% of patients completed = 50% of daily surveys; 87%
of acceptability items were rated = 4/5. Participants valued the app’s brevity, clarity, and salience,
and found education on stress and pain to be most helpful. The app helped participants learn

pain management strategies and decrease maladaptive thoughts. However, participants disliked the
notification structure (single prompt with one snooze), which led to missed content.

Conclusion—The STAMP + CBT app was an acceptable and feasible method to deliver
psychological/behavioral treatment with pharmacologic support for cancer pain. The app is being
refined and will be tested in a larger randomized pilot study. TRN: NCT05403801 (05/06/2022).

Keywords

mHealth; Cognitive behavioral therapy; Opioids; Just-in-time adaptive intervention; Oncology;
Pain management

Introduction

Over two-thirds of patients with advanced cancer experience pain [1], which can be
devastating to patients’” quality of life [2, 3]. Opioids and other analgesics are the prevailing
treatment approach for cancer pain [4]. However, up to 60% of patients experience
inadequate relief [5, 6]. A potential reason that pharmacotherapy alone fails to adequately
address pain may be the involvement of modulatory psychological factors such as pain
catastrophizing, self-efficacy, mood, and disturbed sleep [7-9]. Psychosocial factors also
play a critical role in self-management, affecting in-the-moment choices about taking
opioids and communicating symptoms to care teams [2, 10-12]. New treatment approaches
are needed to address the psycho-behavioral underpinnings of cancer pain, while integrating
with pharmacotherapy [13].

Cogpnitive behavioral therapy for pain (pain-CBT) is the most widely utilized psycho-
behavioral treatment for chronic pain, with meta-analyses demonstrating small-to-moderate
improvements in pain severity and functioning [14-22]. Pain-CBT differs from traditional
CBT because it targets pain-specific psychological processes through pain psychoeducation,
challenges maladaptive pain cognitions (e.g., pain catastrophizing) using cognitive
restructuring, and teaches coping skills to reduce muscle tension and improve physical
function [23-25].

Pain-CBT requires adaptation for advanced cancer populations. Traditional pain-CBT
explicitly focuses on minimizing opioid use, whereas cancer patients often need support

to achieve proper and sometimes proactive opioid use [13, 26]. Traditional pain-CBT also
involves months of lengthy therapy sessions, which may not be feasible given patients’
burden of illness and demanding treatment schedules. A few investigators have delivered
slightly abbreviated versions of pain-CBT using telehealth [27-29]. These programs appear
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feasible among cancer patients undergoing curative treatment and survivors [27-33], yet
may still be too time-intensive for advanced cancer populations. To our knowledge, there are
no pain-CBT interventions tailored specifically for advanced cancer patients and none that
integrate support for pharmacologic aspects of pain management [16].

Mobile health technology (mHealth) is a promising strategy to tailor, deliver, and ultimately
disseminate pain-CBT for advanced cancer pain [34-36]. Currently, approximately 85% of
Americans use smartphones [37]. Medical systems have also been increasingly turning to
remote technology since the COVID-19 pandemic. MHealth interventions may overcome
the practical barriers that limit access to traditional behavioral therapies (e.g., travel time,
insurance coverage, time spent in session) and allow for delivery of tailored intervention
content, including advice and feedback during critical moments [38].

To improve cancer pain outcomes, we sought to adapt and integrate pain-CBT into an
existing mHealth intervention app designed to support advanced cancer patients managing
chronic pain using opioids (STAMP). We describe a stakeholder-driven, iterative refinement
process applied to develop content and app technology for this STAMP + CBT intervention
—an mHealth app that integrates pharmacologic and psycho-behavioral treatment. Here, we
describe our development process and results of the pre-pilot study.

Development of pain-CBT content for mHealth delivery

Following the ORBIT model for developing behavioral treatments for chronic diseases
[39] and the adapted STROBE checkilist for ecological momentary assessment (EMA)
studies [40], our goal was to develop an mHealth application for patients with advanced
cancer pain that integrates pain-CBT with medical analgesic support (Fig. 1). We adapted
a parent intervention, smartphone technology to alleviate malignant pain (STAMP) [41],
which includes a patient-facing smartphone app that delivers tailored cancer pain education
(e.g., opioid support) and symptom self-management advice in response to daily pain
surveys. STAMP + CBT draws from the psychoeducation, surveys, and symptom-support
algorithms from STAMP, while incorporating new content adapted from pain-CBT. We
adapted traditional modules from pain-CBT manuals [23, 42] to be delivered as 5-10-min
daily lessons. The STAMP + CBT app was developed in five iterative stages (see Fig. 1).

Setting and participants—Two panels (clinician and patient stakeholders) met
throughout phases of the project to review draft materials and provide edits and guidance.
The interdisciplinary clinician expert panel comprised of oncologists, pain psychologists,
and palliative care clinicians. Between 2021 and 2022, participants for all study activities
were recruited from palliative care clinics at two NCI-designated cancer centers: the Dana-
Farber Cancer Institute (DFCI) in Boston, MA and the Stephenson Cancer Center (SCC)

in Oklahoma City, OK. Adults with advanced solid tumor or hematologic malignancies
managed with palliative intent were eligible if they had chronic pain related to cancer

or cancer treatment, had an average pain > 4/10 [43], were using opioids, and owned a
smartphone. Patients were excluded if they had significant cognitive impairment, opioid use
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disorder, acute pain from recent surgery, or were on hospice. The protocol was approved by
the DFCI and SCC IRBs. Participants provided informed consent to participate.

Step 1: Initial content development—In Step 1 (ORBIT Phase-1a), we defined the
modules and initial app content. The PI (pain psychologist) reviewed pain-CBT manuals and
selected primary aspects of the pain-CBT intervention. Working with various digital media
consultants, content was drafted to incorporate common challenges specific to advanced
cancer, shortened for mHealth delivery, written to a 7th grade reading-level, and presented
through a combination of 2D-animated videos, interactive 2D behavioral games [44], audio-
recordings, and texts with visuals. Content was then uploaded to an external web-based

site (Wix.com), allowing flexible formatting and user-centered design, including color-coded
headers, accordion graphical control elements (i.e., click-to-expand features), and paired
visuals. Daily surveys-ecological momentary assessments (EMAS) and just-in-time adaptive
intervention (JITAI) algorithms and responses were developed using similar procedures.

Step 2: Participant interviews and content refinement—In Step 2 (ORBIT
Phase-1b), we refined content based on feedback from both panels and qualitative
participant interviews. Following a semi-structured interview guide (Online Resource 1),
participants were asked to describe how mood and other psychological factors influenced
their pain experience. Thereafter, the interviewer asked the participants to review mock-
ups of several wireframes depicting either (a) app educational content or (b) EMA/

JITAI components, using a combination of cognitive interviewing techniques to ensure
the content was understandable and probes to assess its acceptability, usefulness, and
suggested improvements. Results informed content refinement. Participants’ examples of
psychological pain factors were used to augment the psychoeducational content, such as
highlighting examples of catastrophic pain thoughts within the content and behavioral games
[44].

Step 3: Application build—Following ORBIT Phase-2a, we programmed the app on

the Insight™ platform—a web-based technology platform that allows researchers to build,
disseminate, and test HIPAA-compliant mobile health interventions (Fig. 2) [45]. Users’ app
activity is synced with their unique profiles on the Insight™ platform, allowing study staff to
monitor when participants receive and respond to notifications, time spent interacting with
surveys, and rates of survey and content completion.

Step 4: Single-arm pre-pilot testing of the app—Extending ORBIT Phase-2a, we
recruited participants to test the app at home in a single-arm pre-pilot study with a primary
goal of assessing feasibility and acceptability of the app. We also sought to identify any
technical bugs, gauge the optimal length of the program, and obtain qualitative feedback.
Following consent, participants were loaned an Android phone, if needed. Then, study
staff inputted their prescribed opioids into the Insight™ dashboard and conducted a 30-min
app tutorial. During the tutorial, participants entered a pain-management goal into the

app, following SMART principles to ensure that it was sustainable, measurable, attainable,
realistic, and time-based [46]. Participants were asked to use the app daily for 2 weeks,
after which they could opt to extend their app-use for up to two additional 2-week blocks.
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Upon study completion, participants were compensated $50, completed a brief survey, and
participated in an optional semi-structured debriefing interview.

M easur es and outcomes: Participants completed a modified version of the Acceptability
E-scale, rating the app on a 5-point Likert scale on the following five domains:
understandability, enjoyability, ease of use, time required to use it, and overall satisfaction
[47]. Acceptability was pre-defined as = 80% of all acceptability items rated as = 4/5.
Feasibility of app use was pre-defined as = 70% of participants completing = 50% of the
daily surveys.

Qualitative interviews and analysis

Results

Study staff (DRA, KA, SD) conducted semi-structured interviews over Zoom assessing
participants’ overall experience using the app, what prompted them to use it, what they liked
and did not like, features used or not, how helpful they found it, what they learned, and
impacts on their pain self-management (Online Resource 1). Interviews were audio-recorded
and transcribed verbatim, and analyzed using framework analysis [48]. We derived a
codebook focused on participants’ pain coping experiences, as well as themes regarding the
understandability, relevance, and perceived acceptability and usability of the intervention.
Framework analysis was used to summarize feedback and outline recommendations.

Overview of the STAMP + CBT App

The STAMP + CBT app retained the core components of the parent app including its
virtual “medicine cabinet” which hosted participants’ opioid regimens, education related
to pharmacologic aspects of pain self-management, and daily surveys assessing pain,
medication use, and side-effects. STAMP + CBT further integrated daily psychological
assessments, content, and algorithms specific to pain-CBT.

The app included two #ypes of patient-centered interactions: pushed and patient-initiated.
For pushed content, one daily notification sent multi-media psychoeducation while another
prompted completion of daily symptom surveys (EMASs). Notifications rang aloud and
vibrated for 30 seconds and paused for 30 seconds, repeating five times. Participants

could snooze notifications once for 45 minutes but could not access the prompts between
notifications. All content, including resources about pain, analgesics, and pain-CBT, was
patient-initiated and was accessible at any time from the home screen (see Fig. 3).

“Pushed” ecological momentary assessments—STAMP + CBT uses two EMAS: a
daily survey pushed six times per week and a slightly longer survey pushed weekly, both

of which include validated measures with minor modifications to assess pain severity and
interference (Brief Pain Inventory) [43], mood (five items from the Positive And Negative
Affect Schedule) [49], pain catastrophizing (four items from the Pain Catastrophizing
Scale) [50], and sleep quality [51]. Additional items assess other severe symptoms, opioid
analgesic use and relief, pain acceptability, and progress toward self-identified goals. The
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weekly survey included several additional items pertaining to analgesic utilization and side
effects.

Just-in-time adaptive intervention components—Several JITAIs were used to tailor
messages and content in response to EMAS (see Fig. 3), with algorithms categorizing
symptom responses by severity with a “message bin” of customized messages and paired
educational content for varying levels of pain, mood, pain catastrophizing, and sleep
disturbance.

“Pushed” daily content delivery—Each day, participants received a brief lesson or
exercise drawn from pain-CBT in the form of text with visuals, 2D-animated videos, audio-
recorded relaxation exercises, or behavioral games. In addition to pharmacologic education,
content followed the traditional schedule of pain-CBT training modules [psychological and
physiological influences on pain, goal-setting, activity pacing, cognitive techniques (i.e.,
identifying and modifying maladaptive pain thoughts), emotion regulation, sleep, relaxation,
managing stress, and coping skills] while highlighting challenges commonly encountered by
advanced cancer populations.

Patient-initiated content—Patient-initiated aspects of the app included a resource library
containing links to all educational content, separate sections for participants to report and
review their most recent opioid use, a medication library that housed a list of participants’
active opioid prescriptions, and tabs to review their goal and completed assignments.

Phase 1: Refinements driven by qualitative feedback on app wireframes and content

In total, 28 participants (14 from DFCI and 14 from SCC) provided feedback on app
wireframes of educational content and EMA/JITAI components (Fig. 1; Table 1). Online
resource 2 describes participant feedback and actions taken to refine content. The majority
of feedback focused on shortening text, adding advanced cancer-specific examples, and
removing jargon.

Phase 2: Pre-pilot testing of STAMP + CBT

A total of 15 patients participated in the pre-pilot study. Most were white (7= 14, 93%) and
female (=19, 60%). They had a variety of cancer types (Table 1) and 60% (/7= 9) used a
study phone (Table 1). One participant tested the app for the minimum of 2 weeks, whereas
14 opted to extend testing to 4 weeks.

App utilization, feasibility, and acceptability—Participants who tested the app for 4
weeks (7= 14; 2 weeks 77=1) completed an average of 53% of the daily surveys (median

= 61%, 17/28 days) with 73% (n7=11) completing = 50% of their daily EMA surveys,

and 27% (n= 4) completing = 75%, surpassing our pre-defined feasibility benchmark.
Participants reviewed a median of 32% of pushed-educational content with 43% (/7= 6)
reviewing = 50%. They used the opioid reporting feature a median of 6.0 times (range
0-123 times) and accessed the resource library a median of 1.0 times (range 0-17 times).
Very few participants used the tab presenting content completion, the list of current opioids,
and educational content links within JITAI messages. Because of app bugs such as blocked
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notifications, connection problems, crashing surveys, and difficulties syncing notification
schedules, four participants needed to recreate/restart their accounts.

Surpassing our acceptability benchmark, 87% of all acceptability items were rated as = 4/5
(see Table 2). The cohort mean acceptability rating across all items was 4.34 (sd = 0.67,
range 1-5), with individual item ratings being highest for understandability (median = 5/5),
ease of use (median = 5/5), and satisfaction (median = 4.5/5), and slightly lower ratings for
enjoyability (median = 4/5) and time to complete the app (median = 4/5).

Qualitative feedback from phase 2 pre-pilot of STAMP + CBT

Most participants (73%, 7= 11) completed debriefing interviews. Most feedback was
positive and fell into the following categories: (1) The role of this mHealth intervention
within their experience of advanced cancer and pain management and (2) Feedback about
the intervention and its usability (see Table 3 for representative quotes).

Role of STAMP + CBT in the cancer pain experience

Relevance: Many participants expressed that app content was directly relevant to their
experiences coping with pain, medical uncertainty, and alteration of their relationships. In
contrast, a few participants noted a lack of relevance because their pain had abated or

they had ceased taking opioids since enrolling. Many participants felt that the app was a
convenient tool to track their pain and opioid use, and improved their pain self-management
by helping them to create better medication routines.

Building psychological and behavioral skills: Many participants were unaware that
psychological factors influenced pain (“[1] had no clue that the two even connected,” 51-
year-old female, cervical cancer), and credited the app with helping them understand these
factors (“I was reading this and, | started putting the two together... your emotions really

do affect how you’re hurting,” 57-year-old male, head and neck cancer). Several participants
also articulated how the app gave them insights into pain catastrophizing. For example, one
participant stated “[I got into] quite a rabbit hole worrying about that stuff [pain and cancer],
and that’s super helpful that the app could kind of delve into that,” (54-year-old male, head
and neck cancer). Multiple participants described learning to modify maladaptive thinking
patterns: “I was a person that was like it’s just never gonna end, ...the app really helped me
refocus to thinking, you know, it will get better, we can do this...it just changed the way |
thought about it.” (52-year-old female, pancreatic cancer).

A few participants reported that the app helped them acquire new pain coping skills, such
as activity pacing, which they used to achieve their pain management goals. The goals
participants inputted varied from improving medication use (e.g., staying consistent with
medications) to engaging in meaningful activities (e.g., play with dogs, spend time with
family), to improving other aspects of health (e.g., getting better sleep, walking more,
gaining weight). Participants were generally open to incorporating psychological/behavioral
coping skills into their pain management routines, and several wished that they would have
learned these principles earlier. A 54-year-old male with head and neck cancer stated “[l
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could] see where that [the app] would have really helped me, if | had had access to it
earlier.”

Feedback on content, delivery, and usability

Content delivery and style: Most participants liked and even looked forward to receiving
the “pushed” daily educational content, appreciating its importance, clarity, brevity, and use
of visuals. One participant stated, “But for me, it’s simple, ... people that are going through
treatment... they would understand needing the simplicity” (37-year-old female, pancreatic
cancer). In contrast, fewer participants engaged with educational content “pushed” in
response to EMASs and two participants felt it was not a helpful mode of delivery, saying “if
I’m entering pain meds, it’s because I’m in pain...So, I’m not sitting reading...” (70-year-
old male, upper gastrointestinal cancer). Participants generally under-utilized content in the
resource library and explained that they forgot it was available or was difficult to locate.

Participants were satisfied with the visual design of the app. While most appreciated the
animated characters used to depict abstract concepts, a few felt that they were somewhat
“childish.” A few participants particularly enjoyed the behavioral games, with one noting
‘[they] kinda made you think... about what you’d actually been reading” (57-year-old male,
head and neck cancer). Several found the audio-recorded relaxations helpful and used them
to cope with sleeplessness or stress.

EMAsand JITAIs. Many participants liked being asked about psychological factors in
addition to physical symptoms within the EMAs, but some thought the questions were
repetitive to receive daily. Many were frustrated that the EMAS expired an hour after they
were pushed and missed surveys for this reason. The tailored messages (JITAI) delivered at
the end of surveys were considered appropriate and generally helpful, with one participant
stating “with the way | answered questions, it seemed that it [the app] would kind of,
remember things about that and, steer me in certain ways... | thought it was helpful”
(54-year-old male, head and neck cancer). However, participants did not want to review the
educational content linked to these messages and perceived this to be burdensome.

Adaptations resulting from pre-pilot—In response to qualitative feedback and app-use
data, features that were rarely used or considered unhelpful were removed, including the

list of current opioids and content links within JITAl messages. Daily EMAs and “pushed”
educational content were made accessible on the app home screen (instead of being solely
available through push notifications) and the 1-hour expiration was eliminated. The platform
was not capable of letting participants set their own app notification times; however, a
comment feature where participants could communicate requests to the study team was
added. Finally, based on participant choice of testing duration, the next iteration of the
intervention will run for 4 weeks.

Discussion

Here, we describe the development and refinement of STAMP + CBT, which to our
knowledge, is the first app-based intervention to deliver pain-CBT and pharmacologic
support for patients with cancer pain. This intervention has many innovative features,

Support Care Cancer. Author manuscript; available in PMC 2024 May 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Azizoddin et al.

Page 9

including its use of mHealth to deliver components of pain-CBT, pharmacologically-
oriented cancer pain psycho-education, and its use of EMASs and algorithms (i.e., JITAI’S)
to personalize symptom and psychological support, giving real-time feedback and advice
in response to participants’ pain, mood, stress, and sleep symptomatology. In this initial
pilot, the app was deemed feasible and acceptable. Moreover, many participants described
improving their pain coping skills as a direct result of using the app.

While the goal of this mHealth intervention is not to replace in-person psycho-behavioral
pain management treatment, it may succeed in making pain-CBT more accessible to patients
and integrating with their oncology care. Many of the current interventions either provide
static pain education or focus on electronic symptom-based monitoring, most of which are
unlikely to promote behavior change to help patients gain proven behavioral skills [30,

52]. STAMP + CBT meets an important unmet need for patients with cancer, who have

very limited access to pain-CBT [27-33, 53] due to a lack of trained psychologists, siloed
behavioral care, and stigma related to seeking mental health care [54].

Although this pilot study was small, the results are encouraging. We exceeded our
acceptability and feasibility benchmarks with 73% of participants completing more than half
of their daily EMAs, despite the fact that surveys expired an hour after push notifications.
While participants completed relatively less of their daily educational content, it is unclear
how much pain-CBT content is required to be effective; even single-session pain-CBT
interventions have demonstrated meaningful improvements in pain outcomes [55-57]. Our
qualitative debriefing interviews suggest that they engaged with the content in a meaningful
way and implemented several core principles of pain-CBT in their pain self-management.
While we cannot ascertain which app components were most impactful, interviews
suggested that participants benefitted from varied engagement opportunities, including
written and video education, behavioral games (i.e., teaching cognitive restructuring),

and daily surveys that facilitated reflection. Participants noted that the daily surveys

helped them make connections between psychological factors and their pain—a factor
participants appreciated since many reported that pain management education, especially
pain psychology education, was mostly absent in their cancer treatment. In contrast,
participants did not want to engage with longer education at the time of symptom reporting
and requested greater variety in their daily surveys. We have modified the app in response
and are testing this updated version in a larger pilot.

Despite the promising results, the study has several limitations. First, this small pilot

did not examine efficacy and participants may not be representative of general cancer
populations. Our next phase of testing will include more patients, track recruitment rates
and reasons for refusal, and assess our anticipated primary and secondary outcomes (pain
interference and pain intensity, catastrophizing, depression, anxiety, and quality of life).
Third, although mobile health has the potential to scale behavioral pain treatments, older
and historically disadvantaged populations experience greater barriers to using digital
technologies. Moreover, some patients may prefer or require in-person treatment [34].
Even still, this study indicates that for patients who report some comfort with technology,
app-based delivery of pain-CBT with opioid support is feasible and acceptable.
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Diagram depicting app development procedures following the ORBIT Model for

intervention development
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Fig. 3.

Flowchart summary of STAMP + CBT app features and functionalities, including pushed?
and patient-initiated content. EMAP and JITAI® survey components, and example “message
binsd. af patients did not respond to or dismissed a push notification, they were not able
to interact with that content. Content was delivered on a pre-determined schedule to mirror
content delivery in pain-CBT modules, beginning with pain- and opioid-specific medical
advice, biopsychosocial aspects of pain, stress and pain, goals and activity pacing, cognitive
restructuring, emotional processing, and relaxation exercises. PUpon completion of EMASs,
patients were shown a summary of their responses (see Fig. 2). On following screens, they
could review individualized messages and advice, which were paired with links to pain-CBT
content. “When patients reported severe symptoms, the app prompted them to contact their
palliative care provider using the clinic phone number on the home screen or to call 911.
The same algorithm also pushed an automated email that listed their severe symptoms to
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the study team. The study team then shared this report with the patient’s care team through
secure email to encourage them to reach out accordingly. Patients were made aware that
study staff monitored the app only during business hours. 9Each “message bin” consisted
of customized messages and paired educational content delivered on a rotating basis with a
green, yellow, or red background corresponding to mild, moderate, or severe symptoms
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