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Abstract

Background: Inadequately managed pain is a serious problem for patients with cancer and those who care for them. Smart
health systems can help with remote symptom monitoring and management, but they must be designed with meaningful end-user
input.

Objective: This study aims to understand the experience of managing cancer pain at home from the perspective of both patients
and family caregivers to inform design of the Behavioral and Environmental Sensing and Intervention for Cancer (BESI-C) smart
health system.

Methods: This was a descriptive pilot study using a multimethod approach. Dyads of patients with cancer and difficult pain
and their primary family caregivers were recruited from an outpatient oncology clinic. The participant interviews consisted of
(1) open-ended questions to explore the overall experience of cancer pain at home, (2) ranking of variables on a Likert-type scale
(0, no impact; 5, most impact) that may influence cancer pain at home, and (3) feedback regarding BESI-C system prototypes.
Qualitative data were analyzed using a descriptive approach to identity patterns and key themes. Quantitative data were analyzed
using SPSS; basic descriptive statistics and independent sample t tests were run.

Results: Our sample (n=22; 10 patient-caregiver dyads and 2 patients) uniformly described the experience of managing cancer
pain at home as stressful and difficult. Key themes included (1) unpredictability of pain episodes; (2) impact of pain on daily life,
especially the negative impact on sleep, activity, and social interactions; and (3) concerns regarding medications. Overall, taking

pain medication was rated as the category with the highest impact on a patient’s pain ( =4.79), followed by the categories of

wellness ( =3.60; sleep quality and quantity, physical activity, mood and oral intake) and interaction ( =2.69; busyness of
home, social or interpersonal interactions, physical closeness or proximity to others, and emotional closeness and connection to
others). The category related to environmental factors (temperature, humidity, noise, and light) was rated with the lowest overall

impact ( =2.51). Patients and family caregivers expressed receptivity to the concept of BESI-C and reported a preference for
using a wearable sensor (smart watch) to capture data related to the abrupt onset of difficult cancer pain.

Conclusions: Smart health systems to support cancer pain management should (1) account for the experience of both the patient
and the caregiver, (2) prioritize passive monitoring of physiological and environmental variables to reduce burden, and (3) include
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functionality that can monitor and track medication intake and efficacy; wellness variables, such as sleep quality and quantity,
physical activity, mood, and oral intake; and levels of social interaction and engagement. Systems must consider privacy and data
sharing concerns and incorporate feasible strategies to capture and characterize rapid-onset symptoms.

(JMIR Form Res 2020;4(8):e20836) doi: 10.2196/20836
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Introduction

Inadequately managed pain continues to be a serious problem
for patients with cancer and those who help care for them. An
estimated 40% to 90% of patients with cancer experience pain
across the illness continuum [1-3], negatively affecting sleep,
adherence to treatment, mood, and overall quality of life [2,4].
Even patients with cancer enrolled in home hospice programs,
which are uniquely designed to provide comprehensive support
at the end of life, risk experiencing poorly managed symptoms
[5-7]. One study found that >50% of hospice patients experience
moderate to severe pain in the last week of life [8]. The majority
of cancer symptom management occurs in the home setting,
where family caregivers commonly play a key role in supporting
patients. However, family caregivers are often required to make
decisions about symptom management with limited information
and support, which can significantly increase emotional distress
[4,9,10]. In fact, working to control difficult pain is consistently
rated as one of the most stressful tasks performed by family
caregivers [11-15].

Ensuring quality home-based symptom management support is
especially relevant for patients with advanced disease who may
wish to forego aggressive curative treatments, avoid trips to the
emergency department and hospitalizations, and focus on
comfort care at home. For example, pain that escalates without
adequate, prompt treatment can cause significant patient and
caregiver distress as well as unplanned health care
utilization/emergency department visits, which may not be
compatible with patient goals at the end of life [16-19]. Recent
studies have estimated that between 25% and 55% of emergency
department visits for patients with advanced cancer are
avoidable [16,17,20], and uncontrolled pain at home is a major
reason that patients disenroll from hospice programs [21-23].
As health care adapts to the challenges and realities of
COVID-19, home-based monitoring strategies are likely to
become even more essential for seriously ill and
immunocompromised patients who will be at higher risk for
adverse outcomes if they must present to acute care settings for
symptom management.

Although the literature richly describes the experience and
consequences of poorly managed cancer pain within the home
setting [4,5,24,25], gaps exist in understanding real-time,
dynamic contextual factors that may worsen or mitigate the
experience of cancer pain from the perspectives of patients and
family caregivers [4,15,26-30]. Smart health (eg,
wireless/mobile technology and user interfaces) is increasingly
being utilized to improve remote symptom monitoring and
management [31,32], but it is not always designed with
meaningful end-user input [33] and may not be appropriate or
feasible for the unique needs of patients and caregivers coping
with the stressors of advanced, late-stage illness, limiting its
ultimate utility and effectiveness [34,35]. Relatedly,
ever-evolving technological capabilities can capture a large
range of data, but it is not always clear which variables,
especially environmental, are most essential and how they
should be prioritized [30].

This research represents a multiphase effort to design and pilot
test an in-home smart health system, known as the Behavioral
and Environmental Sensing and Intervention for Cancer
(BESI-C) system, with a palliative care oncology population to
support patients and family caregivers in monitoring and
managing cancer pain. The overall research protocol is described
in detail elsewhere [36], but, briefly, BESI-C includes a package
of environmental and wearable sensors and user interfaces
deployed in patient homes to gather physiological, behavioral,
contextual, and environmental data regarding pain events from
the perspective of both patients and family caregivers. The
ultimate goal of BESI-C is to successfully predict pain episodes
and deliver real-time tailored interventions to both patients and
caregivers as well as share relevant data with stakeholders. This
manuscript presents results from phase I of the project (Figure
1), which aimed, from the perspective of both patients and
family caregivers, to (1) explore the general experience and
challenges of managing cancer pain in the home setting, (2)
evaluate the role of specific variables that may influence cancer
pain in the home setting, and (3) gather end-user input to inform
BESI-C system design.
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Figure 1. Overall study design. BESI-C: Behavioral and Environmental Sensing and Intervention for Cancer.

Methods

Study Design
This was a descriptive pilot study using a multimethod approach.

Setting
Patients and family caregivers were recruited from an academic
palliative care outpatient oncology clinic from April to July
2018.

Sample
Our goal was to recruit patients and family caregivers managing
difficult cancer-related pain in the home setting. Therefore, we
used a purposive sampling technique [37], and patient inclusion
criteria included (1) diagnosis of locally advanced or metastatic
malignancy, (2) currently taking prescribed opioid medications
(eg, morphine-type medications) for cancer-related pain, (3) a
score of 6 on the National Institutes of Health Patient-Reported
Outcomes Measurement Information System (NIH PROMIS)
Cancer Pain Interference measures (a composite score assessed
at each palliative care clinic visit to identify patients
experiencing difficult pain) [38,39], and (4) a primary informal
(unpaid; family, defined broadly) caregiver who helped manage
their care and symptoms at home. Both patients and caregivers
were aged >18 years, English speaking, and did not have
cognitive or visual deficits that would preclude the ability to
participate in the study. Palliative care clinicians helped screen
and verify the clinical eligibility of possible study participants.

Data Collection Procedures
Before data collection, approval was granted by the University
of Virginia Health Sciences Institutional Review Board. Both
patients and caregivers provided informed consent. A study
guide was created, informed by the literature and the research
study aims (Multimedia Appendix 1). In addition to basic
demographic questions, the study guide consisted of 3 parts.

Part 1
Part 1 consisted of open-ended questions regarding general
challenges and concerns in managing cancer pain at home.
Patients and caregivers were asked (1) Have you/the patient
experienced cancer pain at home in the past week or so? If so,
can you describe the experience from your perspective?; (2)
What has been the most difficult part of managing pain at
home?; and (3) What would help make managing the pain at
home easier?

Part 2
Part 2 consisted of a list of variables that may influence cancer
pain in the home setting that participants were asked to rank
regarding impact. The list of variables was created based on
their known relationship with cancer pain (such as the
connection between sleep and pain) [40,41], current
technological capabilities of the parent BESI system [42-44],
and our hypotheses that certain environmental variables (eg,
light and noise) that have received scant attention in the
literature [26] can influence cancer pain. Overall, 14 variables
were included in the final list and grouped into 4 categories:
medication, wellness, interaction, and environmental. The
primary objective of the variable list was to help inform the
design of the BESI-C system (ie, which sensors to include) and
validate our data collection plan.

Participants were asked to rate, on a Likert-type scale of 0 (no
impact) to 5 (significant impact), the degree to which they
thought each variable may influence the patient’s experience
of cancer-related pain. For example, patients were asked how
much they felt their mood or the temperature of the room
impacted their pain on a scale from 0 to 5. Caregivers were
presented with the same list of variables and asked to quantify
how much each factor influenced the patient’s pain, from their
perspective as the caregiver. Patients and caregivers were
instructed that the study team was interested in their individual
opinion and perspective and that it was fine if their answers
differed from those of their partner. If a participant felt the
correct answer was between 2 discrete values on the scale, they
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could indicate a half-way point, for example, 3.5. If participants
remained unsure and did not feel they could quantify the impact
of a particular variable, the item was skipped. (Note: participants
were not asked about the direction of the variable [eg, does light
make your pain worse?], but instead if they felt the variable
impacted their pain, either positively or negatively [eg, how
much of an impact, negative or positive, does light have on your
pain?]). After the set list of variables was reviewed, participants
were asked if there were any additional factors they felt
influenced cancer pain at home that they were not asked about
(eg, “Are there other factors we did not ask you about that you
think influence the experience of cancer pain at home? What
did we miss?”)

Part 3
Part 3 consisted of structured questions regarding the desired
features of the BESI-C system. Participants were shown physical

prototypes or pictures of the proposed components of the
BESI-C system, including environmental room sensors,
wearable sensors (smart watches), and a laptop base station used
for remote system monitoring and local data processing and
storage (Figures 2-5). Patients and caregivers were then asked
about their general impressions, concerns, and suggestions
regarding each system component. A key objective of this part
of the interview was to ascertain how willing participants would
be to interact with specific components of the system, for
example, how often they would be willing to answer ecological
momentary assessments (EMAs) [45] (brief survey questions)
on a smart watch or if they had concerns about wearing a smart
watch, in general. We were particularly interested in answering
these specific design questions, as our goal was to create an
unobtrusive smart health monitoring system that was acceptable,
user friendly, and did not increase burden in an already highly
stressed and vulnerable patient population.

Figure 2. Behavioral and Environmental Sensing and Intervention for Cancer (BESI-C) initial environmental sensor.

Figure 3. Behavioral and Environmental Sensing and Intervention for Cancer (BESI-C) updated environmental sensor based on user design input.
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Figure 4. Behavioral and Environmental Sensing and Intervention for Cancer (BESI-C) base station laptop.

Figure 5. Behavioral and Environmental Sensing and Intervention for Cancer (BESI-C) smart watch with custom app.

Dyads were interviewed together or separately, generally in the
outpatient palliative care clinic, based on their preference and
logistic considerations. (Note: we recognize that this difference
may have influenced participant responses, which is discussed
in more detail below.) For convenience, caregivers who were
unable to accompany the patient to the clinic were given the
option to be interviewed over the phone (to complete part 3
over the phone, caregivers were provided with detailed verbal
descriptions by the interviewer and/or pictures of the BESI-C
components for visual reference). Interviews were
audio-recorded with permission; detailed notes and responses
were also recorded using pen and paper during all interviews
by the research team member. Interviews lasted approximately

30 min, and dyads received a US $10 gift card as compensation
for their time.

Data Analysis Procedures

Qualitative Data
Interviews were transcribed verbatim and verified, and all
identifiers were removed. All transcripts were read in entirety
before analysis to understand the data set holistically.
Open-ended responses (Parts 1 and 3 of the interview) were
exported into Microsoft Word and organized by response to
each corresponding interview question, by patient and by
caregiver (eg, all patient responses to question 1 were grouped
together, and all caregiver responses to question 1 were grouped
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together). A deductive, descriptive qualitative approach was
then used to analyze interview responses across the entire data
set from the perspective of patients and family caregivers. In
keeping with our study aims, codes (or descriptive labels) were
applied to portions of text that discussed the general experience
of managing cancer pain at home and system design feedback
to help identify patterns and key themes. For example, if a
participant discussed fears related to pharmacological
management of pain, this was coded with the straightforward
label medication concerns. Themes were identified by
considering both frequency of codes (how often a similar
message was conveyed) and intensity of response (the strength
of an articulated opinion, either negative or positive). Our goal
with the analysis of open-ended responses was not to conduct
qualitative analysis with a high level of abstraction, but instead,
consistent with a descriptive approach, to stay close to our data
and more concretely understand participant responses to each
interview question [46].

Quantitative Data
Quantitative responses (part 2 of the interview) were entered
into SPSS (v25.0), and basic descriptive statistics were run,
including frequency counts and percentages for demographic
data and means calculated (overall, patient, and caregiver) for
individual and category (medication, wellness, interaction, and
environmental) pain variable impact scores. Independent sample
t tests were performed across all individual and category pain
variables to assess for statistically significant differences (α set
at .05) between patient and caregiver mean scores.

Results

Interviews
A total of 22 individuals were interviewed (22/22, 100%),
including 10 patient-caregiver dyads and 2 individual patients,

whose caregivers did not accompany them to the original clinic
visit and were unable to be contacted after 3 attempts. A total
of 5 dyads were interviewed together (dyads 6, 7, 9, 10, and
12), and 5 dyads were interviewed separately (dyads 1, 2, 3, 5,
and 11). Of the 5 dyads interviewed separately, 2 caregivers
were interviewed over the phone owing to logistic constraints.
All other interviews were conducted face-to-face. Results are
presented below by demographics and then by section of the
interview guide (Parts 1, 2, and 3) for clarity.

Demographic
Overall, almost half of the total sample (10/22, 46%) was aged
between 50 and 59 years, with an equal number of females and
males (11/22, 50%). The participants were primarily White
(20/22, 91%) and non-Hispanic/Latino (21/22, 96%). The
majority of patients (11/12, 92%) had a primary residence
classified by the Centers for Medicare and Medicaid Services
as rural [47]. Caregivers were predominantly female (7/10,
70%), lived full time with the patient (9/10, 90%), and were the
significant other or spouse (5/10, 50%). The average
patient-reported NIH PROMIS pain interference score was 7.16
(0, lowest interference to 10, highest interference), and half of
the patients (6/12, 50%) self-reported their performance status
as symptomatic, but ambulatory and able to complete their basic
needs independently (Eastern Cooperative Oncology Group
[48] score of 1). The most common malignancy was lung cancer
(4/12, 33%), and 50% (6/12) of patients received their diagnosis
<1 year ago. Table 1 presents the demographic data for the
overall sample, patients, and caregivers. Table 2 presents
cancer-related details for the patient sample.
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Table 1. Demographic characteristics of the patient and caregiver sample.

Caregivers (n=10), n (%)Patients (n=12), n (%)Total (N=22), n (%)Demographic variable

Age range (years)

2 (20.0)0 (0)2 (9.1)18-29

1 (10.0)1 (8.3)2 (9.1)30-39

2 (20.0)2 (16.7)4 (18.2)40-49

3 (30.0)7 (58.3)10 (45.5)50-59

2 (20.0)1 (8.3)3 (13.6)60-69

0 (0.0)1 (8.3)1 (4.5)>70

Gender

7 (70.0)4 (33.3)11 (50)Female

3 (30.0)8 (66.7)11 (50)Male

Race

0 (0.0)1 (8.3)1 (4.5)Black/African American

9 (90.0)11 (91.7)20 (90.9)White

1 (10.0)0 (0)1 (4.5)Missing (not asked)

Ethnicity

0 (0.0)0 (0)0 (0)Latino/Hispanic

9 (90.0)12 (100)21 (95.5)Non-Latino/Hispanic

1 (10.0)0 (0)1 (4.5)Missing (not asked)

N/A11 (91.7)N/AbRurala

Highest education level

2 (20.0)3 (25)5 (22.7)Less than high school

4 (40.0)4 (33.3)8 (36.4)High school graduate

1 (10.0)1 (8.3)2 (9.1)Some college

0 (0.0)2 (16.7)2 (9.1)2-year degree

2 (20.0)2 (16.7)4 (18.2)4-year degree

1 (10.0)0 (0)1 (4.5)Professional/graduate degree

0 (0.0)0 (0)0 (0)Doctorate

Current employment

4 (40.0)0 (0)4 (18.2)Full time

0 (0.0)1 (8.3)1 (4.5)Part time

3 (30.0)2 (16.7)5 (22.7)Retired

3 (30.0)9 (75)12 (54.5)Unemployed

Caregiver lives with patient

9 (90.0)N/AN/AYes, full time

1 (10.0)N/AN/AYes, part time

Caregiver relationship with patient

5 (50.0)N/AN/ASignificant other/spouse

1 (10.0)N/AN/ASibling

1 (10.0)N/AN/AParent

2 (20.0)N/AN/AChild

1 (4.5)N/AN/AOther (daughter-in-law)
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aRural determined by the Centers for Medicare and Medicaid Services based on patient’s address of primary residence.
bNot applicable.

Table 2. Patient sample cancer characteristics (N=12).

Total, n (%)Patient cancer variable

Primary cancer diagnosis

1 (8)Breast

1 (8)Gastrointestinal (other)

1 (8)Gastrointestinal (pancreatic)

1 (8)Gynecological

2 (17)Head and neck

1 (8)Hematologicala

4 (33)Lung

1 (8)Prostate

Time since diagnosis (years)

6 (50)<1

4 (33)1-5

1 (8)5-10

1 (8)>10

Patient self-reported ECOGb score

0 (0)0, normal activity

6 (50)1, symptomatic and ambulatory

2 (17)2, ambulatory 50%, some help needed

3 (25)3, ambulatory <50%, nursing care needed

0 (0)4, no self-care, bedridden

1 (8)Not available

7.16 (12)
NIH PROMISc pain interference scored (n)

aMultiple myeloma.
bECOG: Eastern Cooperative Oncology Group; standard patient performance scale.
cNIH PROMIS: National Institutes of Health Patient-Reported Outcomes Measurement Information System.
dPatient self-reported NIH PROMIS pain interference composite score, scored for clinical use on a scale of 0 (least) to 10 (most).

Part 1: Understanding the Experience of Managing
Cancer Pain at Home
Patients and caregivers uniformly described the experience of
managing cancer pain at home as stressful and difficult. Key
themes included (1) unpredictability and perceived inevitability
of pain episodes; (2) impact of pain on daily life, especially the
negative impact on sleep, activity, and social interactions; and
(3) concerns regarding medications. All 3 themes overlapped
as they did not occur in isolation. For example, the

unpredictability of pain episodes could be worse at night when
pain medications did not seem to be as effective, thus affecting
sleep. When asked what could make managing pain at home
easier, one caregiver simply stated, “when he heals, and this
goes away,” (CG1). Others suggested ideas such as more
rapid-acting interventions to relieve pain; reduced
back-and-forth travel for medical appointments; a more holistic,
nonpharmacological approach to managing pain; and better
ways to track and record medication use. Textbox 1 summarizes
and presents exemplar quotes related to part 1 of the interview.
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Textbox 1. Experience of managing cancer pain at home from the perspective of patients (Pt) and caregivers (CG).

What is the experience of managing cancer pain at home? What is most difficult?

Theme 1: Unpredictability and perceived inevitability of pain

• “That’s one thing about the cancer pain, is that you never know what you’re going to experience.” Pt 5

• “I do about all I can do. I don’t see it being any easier. It just stays, you know, it’s going to be what it’s going to be. It’s not going to get any
better or any worse.” Pt 7

• “No, I don’t think you can manage the pain.” Pt 9

• “It hits me so bad sometimes it brings tears to my eyes…When I’m in really, really bad pain it gets me down.

• I get depressed and it’s like, ‘God, is this ever gonna quit?’” Pt 11

• “Well, I know it hurts. Some days it looks worse than others.” CG 2

• “The experience to me, he gives me a headache,” CG 1

Theme 2: Impact of pain on daily life

• “Well, you know, I'm miserable... I pretty much became a hermit since this happened. You know, I try to stay away from everybody, so I don't
have to talk very much. I stay in the bedroom, you know, and watch TV most the time so I don't have to talk to people.” Pt 1

• “The intensity is worse in the evening at night...and also when I wake up in the morning. [The pain pills] are less effective at night...Sleep [is the
most difficult part]. It’s most frustrating when it [pain] has kept me awake or wakes me up.” Pt 3

• “I’m an active person and with the pain I could barely get my shirt off.” Pt 4

• “Miserable. Miserable, I don’t do nothing. I can’t.” Pt 9

• “The bottom line is just be secluded when I am in pain...When I’m really, really in pain, if I’m alone it seems to soothe it…nothing there to
irritate me to make it worse.” Pt 11

• “He was in real agony for a couple weeks, so bad he couldn't sleep.” CG3

• “I find it a little difficult...like she appears to be in pain, definitely lethargic and I think between the pain and feeling tired that definitely affects
her mental health...so it’s just kind of all blurred together.” CG 5

• “It’s really pulled her down. You know, we went from being outside every day and doing things to, you know, pretty much watch watching her
lay on the couch.” CG 9

Theme 3: Concerns regarding medications

• Fear of running out of medication or becoming addicted

• “I’m concerned that somebody will say you can’t have it anymore when I still need it. I know they’re addictive...but for me they’re necessary
for the pain.” Pt 3

• I haven’t looked it [my pain medication] up on-line but I kind of worry about how dangerous it is for the rest of my body.” Pt 4

• “The only thing that changes my pain is my medication. Especially if I got it, I use it right, it makes a big difference. But when I run out,
well, I got problems.” Pt 8

• “That’s my biggest fear is getting addicted.” Pt 9

• “I don’t really have enough medications, I guess...I take them just as they are prescribed to me...it’s frustrating after a while. Either I won’t
be able to sleep, do I want to be in pain or do I want to conserve the medications and if I’m gonna have enough or God forbid I lose some
or whatever...I ask for some [pain medication], ‘No.’ I ask again. ‘No.’ I don’t even ask them [health care providers] anymore. I’m tired of
it. I feel like a little child asking for a piece of f*...ing candy. It’s frustrating as hell.” Pt 10

• “...he could be in a whole lot less pain, but that’s regulation...What makes it difficult is that he knows that if he took another half a tablet he
would be in less pain but if he takes that half a tablet extra than he’s gonna have to be in more pain later [because there are not enough
tablets].” CG 10

• Coping with side effects

• “They’ve had me on so many different medications and you can take 30 pills a day and still not get the relief you need…and that’s hard on
your body. You’re dealing with all the different side effects...” Pt 5

• “...a lot of times I think I’d almost prefer to be in pain sometimes and live a little bit of life than sleep my life away.” Pt 10

• “Approaching things from a more holistic point [would help]...it seems that it’s just very much medication based and then side effects and
then you treat those side effects with medications and then those side effects with other medications...” CG 5

• “I don’t think any of it is doing its job. I mean, it did at first, but I think that her body’s just gotten so used to it and it’s not doing what it
was doing.” CG 9
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Keeping up with, and keeping track of, medications•

• “Managing my pain, being on so many different medicines for pain, trying to make sure I take them all...it’s time consuming.” Pt 1

• “Most difficult? Taking my medicine. Sometimes I’ll take more than I should if I’m really in a lot of pain, and I know I’m not supposed to
but it’s hard not to.” Pt 2

• “It [oxycodone] eases it a heck of a lot...I can sit and relax once it kicks in but once it wears off I’m going right back in the same state again.
The pain comes back...Then I say when it gets to the point where I just take one pill to kill the pain, fine, but taking two, you know, it could
be a problem.” Pt 11

• “I don’t always ask when I need it [pain medicine].” Pt 6

• “I can see when you need it [pain medicine] but I don’t just automatically give it to you...you’ve got to ask for it too…[it would be easier]
if [my husband] would ask for [pain medicine] instead of me saying, ‘do you need your pain medicine?’” CG 6

What would make managing pain at home easier?

• “Having something that would provide instantaneous relief because sometimes it just seems like it takes a long time for anything to take effect.”
Pt 3

• “Not having to keep going back and forth to the doctor so many times. It hurts her riding in the car.” CG 2

• “Some way to track when you’ve actually taken something because he’s writing it down, but when he was really dopey, he either didn’t remember
to write it down or he couldn’t read what he wrote because he was so doped up. Something that would, I don’t know what kind of technology
there would be, but something that scans the pill bottle or something and says ‘Ah, you’ve taken another one, so great, good for you’.” CG 3

The unpredictability of pain manifested in both the timing of
the pain, which could occur abruptly and severely, and the lack
of clarity regarding the origin of the pain. Patients often had
multiple potential sources of pain, such as rheumatoid arthritis
and cancer; this made it difficult for participants to sort out
which pain was related to cancer and which was not, and then
how to best and most appropriately intervene. The impact of
pain on daily life was particularly noted in the areas of sleep,
activity, and social engagement. Patients and caregivers reported
a vicious cycle related to pain and sleep: pain intensity could
flare up at night, causing insomnia, which resulted in worsening
of pain and social withdrawal. Some participants, primarily
patients, expressed a fatalistic attitude that cancer pain is
inevitable and inherently unmanageable, regardless of what they
tried to do to alleviate or mitigate the pain.

A strong theme in the interviews was related to challenges
regarding pharmacological management of pain. Both patients
and caregivers gave specific examples detailing the significant
labor—both logistic and emotional—involved in managing
cancer pain medications. Logistically, managing pain involved
time and discomfort of multiple trips to the clinic for medical
appointments; vigilance to coordinate, monitor, and remember
complex and ever-changing pain medication regimens; keeping
ahead of the pain by remembering to take pain medications
before the previous dose wears off; and coping with, and
balancing, side effects such as the perceived tradeoff between
having pain better controlled but becoming too drowsy.
Emotionally, participants discussed frustration and deep fears
about running out of prescription opioid pain medications, being
unable to obtain needed refills, or becoming addicted. These
fears often resulted in the rationing of tablets, further
exacerbating pain and distress. Medications were viewed by
both patients and caregivers as an essential, but imperfect, tool
that offered temporary relief from the pain, but that came with
a (metaphorically) high price tag.

Part 2: Variables that Influence Cancer Pain at Home
Table 3 compares the mean impact scores (0, no impact; 5,
highest impact) for factors that may influence a patient’s pain
at home by category (medication, wellness, interaction, and
environmental). Table 4 presents the ranking of the individual
variables from 1 (highest scored factor) to 14 (lowest scored
factor) by comparing mean impact scores by the overall sample,
patient, and caregiver. No statistically significant differences
between patient and caregiver mean scores were detected across
all variables.

Overall, and for patients and caregivers, taking pain medication
was rated as the category with the highest impact on a patient’s

pain ( =4.79), followed by the categories wellness ( =3.60;
sleep quality/quantity, physical activity, and mood and oral

intake) and interaction, ( =2.69; busyness of home,
social/interpersonal interactions, physical closeness/proximity
to others, and emotional closeness/connection to others). The
category related to environmental factors (temperature,
humidity, noise, and light/brightness) was rated with the lowest

overall impact ( =2.51).

Regarding individual variables within each category, in the
wellness category, the individual variables of sleep quality,
sleep quantity, and physical activity were rated as having the

most impact on a patient’s pain by the overall sample ( =4.28,

=3.98, and =3.90, respectively), by patients ( =3.91, 

1=3.96, and =3.91, respectively), and by caregivers ( =4.72,

=4.00, and =3.89, respectively). In the interaction category,
the variable busyness of home was rated with the highest impact

score by the overall sample ( =3.21) and by caregivers

( =3.28). Patients rated social and interpersonal interactions

as having the highest impact on their pain ( =3.50). In the
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environmental category, temperature was the highest rated

variable by the overall sample ( =3.30) and by patients

( =3.63); caregivers rated humidity as the highest impact

environmental variable ( =3.22).

The rank order of individual variables (Table 4) revealed that
pain medication, sleep quality/quantity, physical activity, and
mood occupied the top 5 spots for the overall sample and for
both patients and caregivers. Other variables related to
environmental and contextual factors were ranked more
diversely. Interestingly, emotional closeness/connection to
others was the lowest ranked variable by patients, whereas noise
was the lowest ranked for caregivers (but #9 for patients).

When asked if there were other variables that influenced cancer
pain not included on our list that we should measure with a
home monitoring system, only 2 participants identified
additional variables. One caregiver (CG 1) stated that the amount
the patient talks influenced his pain (patient had a diagnosis of
head and neck cancer) and felt this was an important variable
to assess. One patient (Pt 4) added “good support group of
people to help” as a broader interpretation of our questions
regarding the impact of emotional connection and social
interaction. A total of 3 patients responded to this question by
reiterating the importance of pain medication as the most
important variable that influenced their cancer pain.

Table 3. Comparison of mean impact scores of factors that influence a patient’s cancer pain at home, by category and individual variable, rated from
0 (no impact) to 5 (highest impact).

Caregivers (n=10), n (%)Patients (n=12), n (%)Overall (N=22), n (%)Category and individual variablesa

(n)(n)(nb)

4.784.794.79Medication, category mean

4.78 (9)4.79 (12)4.79 (21)Taking pain medication

3.803.453.60Wellness, category mean

4.72 (9)3.91 (11)4.28 (20)Sleep quality (how well)

4.00 (9)3.96 (12)3.98 (21)Sleep quantity (how much)

3.89 (9)3.91 (11)3.90 (20)Physical activity

3.33 (9)3.55 (11)3.45 (20)Mood

3.06 (9)1.91 (11)2.43 (20)Oral intake (eating/drinking)

2.522.822.69Interaction, category mean

3.28 (9)3.15 (10)3.21 (19)Busyness of home

2.29 (7)3.50 (9)2.97 (16)Social/interpersonal interactions

2.00 (10)2.73 (11)2.38 (21)Physical closeness/proximity to others

2.50 (10)1.90 (10)2.20 (20)Emotional closeness/connection to others

2.502.482.51Environmental, category mean

2.90 (10)3.63 (12)3.30 (22)Temperature

3.22 (9)2.00 (9)2.61 (18)Humidity

1.89 (9)2.21 (12)2.07 (21)Noise

2.00 (8)2.08 (12)2.05 (20)Light/brightness

aInstructions provided to participants during the interview: Please think back over the past few weeks or months. Patient: for each item, on a scale of
0-5 (0=not at all, 5=a great deal), how much do you think it makes your pain better or worse? Caregiver: for each item, on a scale of 0-5 (0=not at all,
5=a great deal), how much do you think it makes the patient’s pain better or worse?
bWhere “n” is not equal to the total sample, participant either was unsure/could not answer or the item was not asked (social/interpersonal interaction
factor question was added after dyad 3).
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Table 4. Rank order of individual variable impact means (0=no impact; 5=highest impact) on patient’s pain.

CaregiverPatientOverallRank

MeanVariableMeanVariableMeanVariable

4.78Pain medication4.79Pain medication4.79Pain medication1

4.72Sleep quality3.96Sleep quantity4.28Sleep quality2

4.00Sleep quantity3.91Sleep quality (tie); physical activi-
ty (tie)

3.98Sleep quantity3

3.89Physical activity3.63Temperature3.90Physical activity4

3.33Mood3.55Mood3.45Mood5

3.28Busyness of home3.50Social/interpersonal interactions3.30Temperature6

3.22Humidity3.15Busyness of home3.21Busyness of home7

3.06Oral intake2.73Physical closeness/proximity to
others

2.97Social/interpersonal interactions8

2.90Temperature2.21Noise2.61Humidity9

2.50Emotional closeness/connection
to others

2.08Light/brightness2.43Oral intake10

2.29Social/interpersonal interactions2.00Humidity2.38Physical closeness/proximity to
others

11

2.00Physical closeness/proximity to
others (tie); light/brightness (tie)

1.91Oral intake2.20Emotional closeness/connection
to others

12

1.89Noise1.90Emotional closeness/connection
to others

2.07Noise13

N/AN/AN/AN/Aa2.05Light/brightness14

aN/A: not applicable.

Part 3: Feedback Regarding the BESI-C System
Components
The results presented in Textbox 2 focus on the 2 primary
components of the BESI-C system: environmental and wearable
(smart watch) sensors as well as general system impressions,
suggestions, and concerns. (Participants expressed minimal or
no concerns about the laptop base station, which we are currently
removing from the system architecture and replacing with a
cloud-based service for a simpler and less-intrusive system
deployment and to facilitate more efficient data management.)
Overall, patients and family caregivers expressed interest and
receptivity to the concept of BESI-C, validated the importance
of monitoring cancer pain at home, were eager for innovative
ways in which to do so, and provided constructive feedback
regarding the system components. However, there was the

acknowledgment that providing feedback would involve actual
use and pilot testing of the system. There was also the
acknowledgment that a system such as BESI-C could be
particularly helpful in assisting caregivers to tune in to variables
that may influence a patient’s pain, but that may not be readily
obvious. Participants expressed a strong preference for
technology that is unobtrusive, simple, convenient, durable, and
aesthetically pleasing and that involves minimal interference
with daily activities, such as sleep. For both environmental and
wearable sensors, participants expressed concerns regarding
privacy and a desire for multifunctionality (eg, could
environmental sensors measure variables beyond those focused
on cancer pain, such as general air quality in the home, or other
symptom management issues, such as sleep apnea, and could
wearables measure additional factors such as blood pressure or
blood glucose levels).
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Textbox 2. Feedback from patients and caregivers regarding the Behavioral and Environmental Sensing and Intervention for Cancer system components.

General impressions and interest

• “I think it’s exciting that somebody’s coming up with this. I really do...the information that you can get from the sensors and the watch.” Pt 5

• “I think what you showed me is a good idea.” Pt 8

• “I do too [think it would be cool] because anything to try to help stabilize the pain.” Pt 9

• “Anything you all can come up with to help, I’d approve of anything. Yes, I would, because cancer is bad. It’s very painful... It’s just terrible.”
CG 2

• “No big deal, we like stuff like that...it’s useful.” Pt 7

• “Those are things that even if it’s a question that you just ask, those are things that we don’t pay attention to every day. You know, the stress
level in a room, issues like that. We’re not really tuned in to that.” CG 9

Environmental Sesnors

• Importance of household buy in

• “Wouldn’t bother me, but may bother my Dad...if it transmits information somewhere else and it monitors stuff in his house he probably
wouldn’t like it.” Pt 1

• "That would be good to me...It might not bother me, but it’s going to bother her [caregiver].” Pt 8

• “With me, if this is only gonna be in my room, fine. It wouldn’t bother me one bit. But as far as the one in the kitchen, the living room, her
[daughter in law’s] bedroom, I don’t think she’s gonna agree with that...You just got to figure out if we’ve got enough outlets to put these
things in that won’t interfere with her cooking, appliances, stuff like that... what I’m saying is run it by her and see what she thinks.” Pt 11

• Desire for multifunctionality

• “It reminds me of a little robot...that’s wonderful, so I’m glad if it will work. Could you put a smoke detector in there?” Pt 4

• “Well, with his condition, I mean it is a good idea for something like that, not just the cancer, with his sleep apnea and all that stuff and like
his asthma and stuff. I mean, that would be a good idea [to monitor too].” CG 1

• “I think that’s interesting. I would like to know exactly, you know, what I’m breathing, and you know, the air and stuff in the house.” Pt 2

• “Is there a way to monitor diet or when someone’s eating or not eating? I just know with my mom sometimes when she’s feeling a lot of
pain, she could go an entire day without eating.” CG 5

• Privacy considerations and data sharing

• “Cool. I’d want to know–okay, so it measures all of that–then what does it do with it? Does it spit it out at the doctor’s office? Can you get
it through an app? Can you look at what it’s doing?” CG 3

• “As long as it ain’t watching us.” CG 9

• “My major concern would be the privacy.” Pt 9

• “I would be quite concerned if it’s recording what I’m saying.” Pt 10

Smart watch

• Desire for simplicity and comfort

• “Should be super simple like the old people’s cellphone, the Jitterbug. I get up in the middle of the night and I don’t have my glasses on...so
it’s got to be really self-explanatory. Like you look at it, and you go, ’Red is bad, green is good’.” CG 3

• “I don’t like jewelry on me and stuff on my wrist...working on cars and stuff, a watch gets in the way.” Pt 1

• “I’d be concerned about how comfortable it is, how easy it would be to put on, about finding it if I took it off ‘cause I tend to lose things
like watches.” Pt 3

• “I see it possibly interfering just with work maybe. Just because of the work that I do [manual labor]. But other than that, I mean I think on
her it can be beneficial.” CG 5

• “I wouldn’t want it to take up my life, but I would be willing to try it.” Pt 4

• Privacy considerations and interfacing with the technology

• “People our age, it’s stereotypical, but it’s way too small. I cannot imagine trying to answer a question on that.” CG3

• “I mean she [the patient] could wear it, but I don’t know if I could, to be honest with you. When it comes to this high tech stuff I don’t know
nothing about it. I wouldn’t mind wearing it, if I could learn how to work it. You know, I would love to do it.” CG 2

•
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“As long as it’s not picking up on my personal stuff, I wouldn’t have a problem with it...I just don’t want my personal life put out there.”
Pt 9

• General impressions of smart watch

• “I think it’s a good idea myself. I think that would make a big different in monitoring some things.” CG 6

• [Could be tricky to remember to mark pain events]: “Would it give like an alert or something or some noise? I think once I get used to it I
think it would be great [and I would remember]” Pt 2

• [Willing to answer questions multiple times a day]: “whenever I needed to.” CG 11

• “It would be an annoyance to you because you’d have to answer it all the time...It does look nice, though. It looks nice and sleek.” CG 12

• “Convenient...doesn’t take any space up.” Pt 11

• “I think it would be beneficial, but it would be a pain.” Pt 12

Smart watch versus tablet to answer ecological momentary assessments (EMAs)

• “The watch because it’s with me all the time, even when I’m not at home.” Pt 2

• "Prefer iPad...it just looks easier to use. I assume it’s bigger...I would find the watch the most inconvenient, because I’d always have to have it
on or keep track of it or whatever. Something I could just put in one place and forget about would be better for me.” Pt 3

• “iPad may not be as accurate because you’re not going to remember everything after the fact.” Pt 4

• “I’d rather do the watch...it would be easier for me...this is attached.” Pt 5

• “I think I’d like the tablet more but that’s me.” Pt 6

• “It [the watch] would be a lot easier for me...I’m no electronic expert, you know what I’m saying? I don’t deal with computers...[willing to interact
with watch multiple times a day] anytime they [EMAs] popped up, as long as I’m not asleep.” Pt 11

• “[I’d prefer the watch] because I can’t stand an iPad. I had one at work and I just could not.” Pt 12

• “I think having a watch, having it all together in one unit would just be more streamlined so you don’t have to keep up with multiple devices.”
CG 5

• “Probably for a lot of people it would be easier on the tablet, but my only thought to that is...would somebody actually go for the tablet and
answer it? You know, if it’s on the watch you would do it automatically cause it’s right there.” CG 6

• “Either one is fine with me...in the summertime I really don’t want a tan line...so I would want to take a watch off if I had to wear it.” CG 11

System suggestions/concerns

• “You could set intervals at different times to remind you to take different types of medicine at different times; [that] would be about the best
thing I know.” Pt 1

• “For older people, as simple as possible. When you get to be a lot older you really don’t want to have to fuss with a lot of things that aren’t central
to your condition...if you’re in pain this kind of stuff’s going to go out the window, so I should say as simple as possible, absolutely as simple
as possible.” CG 3

• “We just have really horrible internet...our internet is just off of a hotspot from my cell service. That’s the only internet we have.” CG 5

• “The only concern I would have is, is it going to be like making noise and stuff like that?” CG 11

• “Those are things that even if it’s a question that you just ask, those are things that we don’t pay attention to every day. You know, the stress
level in a room, issues like that. We’re not really tuned in to that.” CG 9

• “I’ve got to see what all we gonna have set up in there. I’ve gotta see how comfortable I am with this by seeing how it all works, you know, and
then I can give you my opinion, based on everything.” Pt 11

Dyadic effect of technology

• “I think most people it wouldn’t bother. For me it’s different. I don’t like jewelry.” [Pt 6–then after hearing wife’s receptiveness to the watch
said:] “I think it would [make a difference]. I would make myself wear it if I had to.” Pt 6

• “Yeah, she’s [caregiver] taking it kind of hard...” Pt 8, [when explained how the watch would help monitor CG too.]

• “As long as she [patient] doesn’t mind, I wouldn’t mind.” CG 9

• [Patient acknowledging importance of monitoring caregiver experience]: “I think he [caregiver] kind of puts on a show of handling it better than
he does.” Pt 5

Specific to the environmental sensors, patients discussed the
importance of having everyone in the home consent to sensor

placement. Primary privacy concerns related to possible audio
and video data collection as well as data sharing (eg, where are
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the data going and who has access to them). Participants also
discussed practical issues related to internet connectivity and
power outages (particularly in rural areas); the number of
electrical outlets in the home needed to plug in environmental
sensors; how much space the sensors would occupy; and placing
sensors so that they are discrete, out of the way of small
children, and any cords are safely secured to prevent trip hazards
or falls.

Regarding wearable sensors, participants were intrigued by the
smart watch platform but wondered if (1) it would be difficult
or complicated to answer questions on the watch owing to the
relatively small touch screen, (2) they would have trouble using
the technology, and (3) EMAs would become annoying. Some
participants expressed concerns about having multiple watches
and having to charge them and the potential for them being
misplaced. Similar to environmental sensors, concerns were
expressed regarding privacy and data sharing (eg, what exactly
is being collected and where are the data going and when), and
some participants whose jobs required manual labor were
concerned that the watch may interfere with their work or
described themselves as individuals who just did not like
wearing watches or jewelry. Participants emphasized the
importance of a simple, clear user interface, and all but 1
participant reported a willingness to answer EMAs on a wearable
device. A total of 85% (17/20; 2 participants not asked) of the
participants reported that they would prefer to mark and

characterize pain events on a smart watch compared with a
tablet, as the watch would be attached to them and they would
be less likely to forget important details (Table 5). Some
participants felt that answering EMAs on a wearable device
could be annoying and they may forget to do it, but others were
willing to answer as many EMAs on the smart watch as needed.

One interesting finding involved divergent perceptions between
patients and caregivers regarding aspects of the BESI-C system.
When patients and caregivers were interviewed together,
caregivers often helped encourage an initially skeptical or
reluctant patient to try the technology or reassured them about
practical aspects, such as where environmental sensors could
be placed in the home or that they actually had enough electrical
outlets. When interviewed separately, patients commonly
expressed concerns about the technology they thought caregivers
would have, but which the caregiver did not actually express
when interviewed independently. In addition, conversations
related to the technology often revealed additional dyadic
dynamics, beyond what was expressed regarding the impact of
general symptoms. For example, when patients were asked
about specific aspects of the technology, it often prompted
comments acknowledging the difficulty of their illness on their
caregiver and their concern for the impact it has had on them.
Patients expressed that the BESI-C system would be helpful in
providing an objective picture of how their caregiver was
actually coping and what support their caregiver needed.
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Table 5. Participant preferences and concerns regarding a wearable device to answer ecological momentary assessments.

Specific comments/concernsPreference for tablet/smartphone
versus smart watch for EMAs

Willing to answer EMAsa

on a wearable device, in
general

Participant

Tablet would have to have durable case; watch needs to be unobtru-
sive

No preferenceMay bePtb 1

—dNo preferenceYesCGc 1

Watch would be “awesome”WatchYesPt 2

Concern about ability to manage technology; would need to be easyNo preferenceYesCG 2

Concerns about watch: comfort, loss, and potential burdenTabletNoPt 3

Worried about display size/visibility of watch and ease of button
use on watch; worried about loss of watch

TabletYesCG 3

Concern about watch bulkiness versus size displayWatchYesPt 4

—WatchYesPt 5

Concern about wearing at workWatchYesCG 5

—TabletYesPt 6

—WatchYesCG 6

“Watch is high-tech, I like it”Not askedYesPt 7

—Not askedYesCG 7

Thinks CG would prefer tabletWatchYesPt 8

Concerned about privacy; concerned about ability to be “outdoorsy”WatchYesPt 9

—WatchYesCG 9

“I don’t want to answer to anybody”WatchYesPt 10

—WatchYesCG 10

Concern about sleep interruptionWatchYesPt 11

—No preferenceYesCG 11

Privacy concernsWatchYesPt 12

Privacy concernsWatchYesCG 12

aEMA: ecological momentary assessment.
bPt: Patient.
cCG: Caregiver.
dNo additional comments provided.

Discussion

Principal Findings
This research contributes to a more complete understanding of
the experience of cancer pain in the home context and adds an
important dimension of considering the caregiver’s perspective.
It also fills an important gap in the evidence-based design of
smart health monitoring and intervention systems to provide
symptom support for patients and caregivers coping with
advanced cancer, a population with often significant, and unmet,
symptom management needs [35,49,50]. Our overall sample,
although equally split between males and females, had a
disproportionate number of female caregivers and, although not
racially or ethnically diverse, represents a geographically
underserved sample, as the majority of patients were from rural
areas of Central Virginia (consistent with the general
demographics of the cancer center recruitment study site). We

recruited a final sample size of 22 individuals, which is
consistent with the pilot, qualitative, and early stage smart health
design work [33,51-60] and the aims of our study to explore
proof of concept of the BESI-C system with end users and better
understand the experience of cancer pain at home.

Experience of Cancer Pain at Home: How This Can
Inform System Design
Our key qualitative themes that highlight the unpredictability
and perceived inevitability of pain, the negative impact of pain
on foundational aspects of daily life (especially sleep, activity,
and social engagement), and the challenges of managing and
monitoring complex medication regimens are not surprising
and validate a large body of knowledge regarding the difficulty
of managing advanced cancer pain at home
[4,9,10,15,23,24,61,62]. What is particularly noteworthy
regarding concerns about medication management is the
emphasis participants placed, especially patients, on fears and
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concerns regarding access to opioid pain medication, a mainstay
therapy in the management of serious cancer pain. It is especially
important to consider this finding in the context of the opioid
epidemic [63], where increased scrutiny and stigma attached to
opioid therapy, even for legitimate purposes, have created
unintended and increased obstacles and barriers to pain relief
[64,65]. This finding underscores the significant role of
pharmacological strategies in the management of cancer pain
at home and the importance of designing home-based monitoring
systems equipped with capabilities to support patients and
caregivers in tracking, monitoring, and using mediations safely
and effectively, especially prescription opioids. Consistent with
other literature [9,66-70], our interviews revealed that keeping
track of changing and complex medication regimens is time
consuming and stressful; home-based monitoring systems that
can assist with this aspect of care are essential to optimally
support patients and caregivers and should be thoughtfully
designed to not contribute or exacerbate the stigma and fears
associated with opioid therapy needed to treat legitimate cancer
pain.

Another important finding from our interviews is the need for
systems that capture the impact of unpredictable cancer pain
that can escalate severely and without warning. This type of
pain is commonly referred to as breakthrough pain and is
notoriously difficult to manage [19,71,72]. Although patients
and caregivers did not specifically use the term breakthrough
pain during interviews, they described significant distress
associated with abrupt pain of intense severity. Finding ways
to effectively capture and characterize this type of rapid-onset
pain requires systems that are simple, portable, and extremely
quick and easy to use, and is a primary rationale for our interest
in using wearable sensors to collect these data (vs smartphones
or tablets). Breakthrough pain can be an out of control
experience for patients and caregivers, resulting in feelings of
hopelessness [19,71]. We suggest that a monitoring system
designed to assist patients and caregivers in tracking, recording,
characterizing, and, ultimately, treating breakthrough cancer
pain episodes is vital to help restore a sense of control and
empowerment over their situation.

In addition, although pharmacological management of cancer
pain is critical to assess, participants also expressed a desire for
a more holistic approach to managing cancer pain, especially
given concerns regarding the multiple side effects of
medications. We accounted for this finding by adding EMAs
to our smart watch app that specifically asked about
nonpharmacological approaches patients and caregivers use to
manage cancer pain.

Variables That Influence Cancer Pain: How This Can
Inform System Design
A better understanding of the impact of variables that influence
cancer pain in the home setting can facilitate the design of
tailored systems equipped to measure and assess the most salient
variables. Although we did not detect statistically significant
differences between patient and caregiver mean impact scores
(most likely due to our small sample size and the possible
influence of participants being interviewed together), our results
make an important contribution and extend existing work [30,73]

as they (1) focus on perceived influences on cancer pain from
both the patient and caregiver perspective; (2) consider a holistic
set of environmental and contextual variables; (3) suggest
important data collection features to include in remote symptom
monitoring systems; and (4) provide initial insights into the
impact of critical variables that may influence cancer pain,
which can be built upon for future inquiry. The lack of a
significant difference may suggest that patients and caregivers
are largely in sync about what impacts pain, which could be
helpful and productive. For example, both patients and
caregivers ranked variables related to taking pain medication,
sleep, activity, and mood among the top 5, and they both ranked
taking pain medication as the most impactful variable
influencing cancer pain. These findings corroborate our
qualitative findings and again underscore the importance of
designing monitoring systems that account for ways to support
patients and caregivers in tracking and managing pain
medications.

It is not surprising that sleep quality and quantity were rated,
among all the wellness variables, as having the highest impact
on pain as the relationship between sleep and pain has been well
established [74]. Likewise, our results also confirm the known
connection between mood and pain [75]. Patients and caregivers
also rated physical activity as having a significant impact on
patients’ pain, justifying the importance of including
activity-monitoring features, such as pedometers and
accelerometers. It is noteworthy that sleep quality is rated as
the most impactful variable by caregivers, second only after
taking pain medication. This underscores the need to design
monitoring systems and interventions that do not further worsen
or interrupt sleep, such as with low-battery reminders or
bothersome sensor lights. Another particularly interesting
finding within the category of wellness variables is the fact that
caregivers rated the impact of oral intake (#8) higher than
patients, who rated it as the second lowest rated variable (#12).
For health care providers, this likely resonates as family
caregivers often have strong opinions and beliefs/concerns about
the nutritional intake of their loved ones, specifically how the
lack of adequate oral intake may worsen distress and pain [76].

Interpreting the impact of interaction and environmental
variables is more complex as there is less congruence between
patient and caregiver scores. Regarding interaction variables,
it is interesting that patients rated emotional closeness to
others/connection to others as having the least impact on their
pain, after noise, light, humidity, and oral intake. One
interpretation of this finding is that patients do not value
emotional connection or closeness or see little association in its
role to their experience of pain, which seems unlikely. An
alternative explanation could be that because we interviewed
dyads (and most commonly spouses), emotional
closeness/connection was assumed by the participants and
therefore not considered to be a significant variable. If we had
interviewed single patients with cancer, who may experience
more notable fluctuations in available emotional support, this
variable may have been rated differently. Another hypothesis,
consistent with the principles of Maslow’s hierarchy of needs,
is that patients experiencing significant pain will naturally focus
first on the physical aspects of their well-being (such as sleep),
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with less priority given to higher level needs, such as emotional
connection. However, patients and caregivers did rank
social/interpersonal interactions and busyness of home higher
on the list, suggesting that engagement within the home is
important and can influence pain. These findings suggest that
capturing the degree of social engagement within the home is
important and should be incorporated into home monitoring
systems with features that can track location and
person-to-person interactions.

As a category, environmental variables were ranked as having
the least influence on pain. However, as individual variables,
patients ranked temperature as having the fourth highest impact,
but all other environmental variables (noise, light, and humidity)
were ranked in the bottom 5. For caregivers, all environmental
variables were ranked in the lower half. One possibility is that
environmental variables have little influence on a patient’s pain.
Instead, we argue that environmental variables are likely to be
important factors (just ask anyone whose pain increases during
rainy, humid weather), but that patients and caregivers may
simply not be fully aware of the role these variables play as
they are rarely (if ever) systematically monitored, tracked, or
reported, making their impact less obvious and more difficult
to quantify. As monitoring environmental variables can be
performed passively, requiring minimal participant burden, we
suggest it is important to collect these data so that we can more
clearly understand the potential relationships between
environmental factors and pain episodes.

Finally, it is reassuring that participants did not readily identify
additional variables to measure with the BESI-C system. In
other words, patients and caregivers validated our list of
proposed variables and felt that we included a comprehensive
list.

Feedback About the BESI-C Prototype Components:
How This Can Inform System Design
Showing prototypes of the BESI-C system and discussing them
with participants proved to be very effective and helpful in
informing system design and refining the BESI-C system. For
example, based on feedback from participants, we elected to
use a smart watch to collect EMA data (vs a smartphone or
table) and iterated our environmental sensors to make them
smaller, sleeker, and more discrete. Another benefit of
discussing the technology with participants is that it confirmed
important dyad dynamics that reinforced our initial hypotheses
about system design. For example, the ultimate goal of BESI-C
is to improve communication between patients and caregivers,
particularly around pain management. This was reinforced by
comments from dyad 6, where the patient reported that he did
not always ask for pain medication, even when he needed it,
and the caregiver expressed that she was not always sure when
the patient needed pain medication. Data from BESI-C could
improve these types of interactions by providing helpful data
in real time to patients and caregivers.

We paid particular attention to data privacy based on participant
feedback. The system includes no cameras, and the microphone
outputs are locally processed to extract relevant audio features
(eg, loudness level and noise fluctuation) so that no interpretable
audio data are stored or transmitted. Participants also had

questions about data sharing and expressed interest in seeing
their own data and having it be available to health care
providers. Our initial pilot work does not fully explore this
important question (although patients and caregivers will see
selected extracted features of their data), but future work will
examine how to optimally generate data visualizations and how
to best share these data with relevant stakeholders.

Patients and caregivers expressed less concerns regarding
passive monitoring and seemed to prefer elements of the system
that could be left alone and just do their thing. This is important
when considering the system design for this patient population
and suggests that passive data collection, with environmental
sensors or physiological monitoring with wearables, may be
more acceptable and feasible and that active data collection with
EMAs should be extremely judicious to reduce user burden.
Simplicity and ease of use were critically (and not surprisingly)
important to participants, and we designed our smart watch user
interface to be extremely easy to use, intuitive, and to work well
on a watch touchscreen [36]. Through all portions of the
interviews, both patients and caregivers reinforced the
importance of medication tracking and monitoring. On the basis
of this feedback, the BESI-C EMAs include simple questions
about medication use as well as reasons pain medication may
not be taken even if patients are in pain (eg, concerns about
running out of tablets).

Limitations
The primary limitation of this study is the sample size, which
reduced generalizability and precluded our ability to detect
statistical significance in our analysis of variable impact scores.
However, our sample size is consistent with the scope of a pilot
study related to early stage smart health design [33,53,54] and
the aims of qualitative research [51,52,56] and provides an
important rural perspective. Our initial intent was to interview
all dyads together, but this proved difficult/impossible due to
logistical constraints. To avoid increasing the participant burden,
a critical consideration for this patient population, some dyads
were interviewed together and some separately. Although
participants were instructed that we were interested in their own
individual opinion and perspective, it is likely that for dyads
interviewed together, hearing their partner’s responses may
have influenced their answers. Finally, we do not know the
direction of the impact of variables as we did not ask participants
whether certain factors made pain better or worse, only whether
they felt the variable had an important impact, either negative
or positive. Therefore, for example, we cannot say that a high
score of physical activity means physical activity improves pain
or makes it worse—only that the variable of physical activity
is perceived to have a significant influence on the patient’s pain.

Future Directions
This study provides important foundational data that can inform
future research, particularly related to understanding variable
influence on the pain experience and how this can inform remote
monitoring system design. Conducting a similar study in part
2 with a larger sample size of dyads would be helpful to detect
statistically significant differences between how caregivers and
patients rank variables that may influence pain. Relatedly, it
would be interesting to explore whether, and how, concordance
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between variable ratings among patients and caregivers changes
relevant clinical outcomes. For example, are dyads with higher
variable congruence (eg, more agreement regarding the impact
of certain variables that may influence pain) more likely to
experience lower levels of pain and overall distress? This could
be evaluated by asking patients and caregivers to independently
score a list of variables, deploy a monitoring system such as the
BESI-C, and then compare the reported pain and distress levels
with predeployment variable congruence levels. Such results
would help further inform the design of smart health monitoring
systems and personalized interventions. In addition, more recent
concerns regarding home-based care in the context of
COVID-19 are prompting adjustments in the BESI-C system
design to facilitate contactless deployments.

Conclusions
Strategies to monitor and treat cancer pain outside the acute
care setting are critical as most cancer symptom management
occurs at home, often causing significant stress for both patients
and family caregivers. Home-based smart health monitoring
systems designed to support cancer pain management should
account for the experience of both the patient and the caregiver;
prioritize passive monitoring of physiological and environmental
variables to reduce burden; and include functionality that can
monitor and track medication intake and efficacy, wellness
variables (such as sleep quality/quantity, physical activity, mood,
and oral intake), and levels of social interaction and engagement.
In addition, systems must consider concerns regarding privacy
and data sharing and incorporate feasible strategies to capture
and characterize rapid-onset symptoms.
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