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Abstract

Background: Chronic pain (CP) and its management are critical issues in the care pathway of patients with breast cancer.
Considering the complexity of CP experience in cancer, the international scientific community has advocated identifying
cutting-edge approaches for CP management. Recent advances in the field of health technology enable the adoption of a novel
approach to care management by developing integrated ecosystems and mobile health apps.

Objective: The primary end point of this pilot study is to evaluate patients’ usability experience at 3 months of a new digital
and integrated technological ecosystem, PainRELife, for CP in a sample of patients with breast cancer. The PainRELife ecosystem
is composed of 3 main technological assets integrated into a single digital ecosystem: Fast Healthcare Interoperability
Resources–based cloud platform (Nu platform) that enables care pathway definition and data collection; a big data infrastructure
connected to the Fast Healthcare Interoperability Resources server that analyzes data and implements dynamic dashboards for
aggregate data visualization; and an ecosystem of personalized applications for patient-reported outcomes collection, digital
delivery of interventions and tailored information, and decision support of patients and caregivers (PainRELife app).

Methods: This is an observational, prospective pilot study. Twenty patients with early breast cancer and chronic pain will be
enrolled at the European Institute of Oncology at the Division of Medical Senology and the Division of Pain Therapy and Palliative
Care. Each patient will use the PainRELife mobile app for 3 months, during which data extracted from the questionnaires will
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be sent to the Nu Platform that health care professionals will manage. This pilot study is nested in a large-scale project named
“PainRELife,” which aims to develop a cloud technology platform to interoperate with institutional systems and patients' devices
to collect integrated health care data. The study received approval from the Ethical Committee of the European Cancer Institute
in December 2021 (number R1597/21-IEO 1701).

Results: The recruitment process started in May 2022 and ended in October 2022.

Conclusions: The new integrated technological ecosystems might be considered an encouraging affordance to enhance a
patient-centered approach to managing patients with cancer. This pilot study will inform about which features the health
technological ecosystems should have to be used by cancer patients to manage CP.

International Registered Report Identifier (IRRID): DERR1-10.2196/41216

(JMIR Res Protoc 2023;12:e41216) doi: 10.2196/41216
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Introduction

Chronic Pain in Patients With Cancer
Chronic pain (CP) and its management are critical issues in the
care pathway of patients with breast cancer. Accruing evidence
stated that 30% of breast cancer survivors reported CP, which
is likely to persist up to 10 years after the end of cancer-specific
treatments [1-3]. CP might rise throughout the care pathway
due to surgical procedures and chemotherapy-induced toxicities.
In particular, in the population of individuals with breast cancer,
different causes of pain incidence have been identified:
25%-60% related to postsurgical pain; 47% pertaining to
adjuvant hormonal treatments (including aromatase inhibitors);
and finally, 58% related to long-term chemotherapy-induced
toxicities [4]. The experience of CP interferes with
psycho-emotional well-being (eg, increasing anxiety, depression,
and fatigue), psychological adaptation to the disease, personal
relationships (eg, partners, family members, and colleagues),
and then return to work [1,5]. Furthermore, when CP is not
promptly recognized, it may alter patients’health-related quality
of life, thereby impacting health status, disease, and medication
adherence [1,6,7]. Compared to those without CP, patients with
breast cancer experiencing CP showed low adherence to
anticancer treatments (eg, hormone therapy), with a
demonstrated reduction in treatment effectiveness and a 5-year
survival rate [1].

Furthermore, compared to hospitalized patients, out-of-hospital
patients with cancer have lower pain relief [8]. In particular,
patients who live in regions with poor medical resources, an
inadequate health system, or low health literacy have an
increased risk of experiencing high levels of pain and related
disabilities [9]. Besides, this difference in pain management is
produced by the fragmented management of cancer survivors
[10], causing nonadherence to treatments and follow-ups, poor
control of the side effects, and long-term physical and
psychological consequences. Thus, the international scientific
community has advocated the urgency to introduce interventions
that can favor a timely identification of cancer-related CP, which
could guarantee continued and tailored management.

Health Integrated Ecosystems for Cancer Chronic Pain
Management
Recent advancements in the field of information and
communication technology enable the adoption of a novel and
challenging approach to care management in the oncological
domain throughout the development of integrated ecosystems
[11,12]. A growing and consistent series of studies assert that
new integrated health technologies have the potential to improve
CP management in patients with cancer and overcome current
limitations [12-16]. Furthermore, studies suggested that health
technology might well manage physical and psychological
morbidities associated with pain experience by allowing
continuous monitoring [15] of clinical health status in real time
and transmitting these data to their health care providers,
incorporating them into patients’ electronic health records
[15,17,18].

Among existing supportive tools for CP, mobile health apps
have been increasingly applied [13,14] and they help patients
with cancer to monitor and reduce pain experience by promoting
self-management skills and improving their quality of life [8,14].
Furthermore, mobile apps, if interconnected with the health
technology ecosystem and managed by health care providers,
increase the patient’s involvement in their care pathway [12].
Overall, this type of technology architecture might achieve
different clinical outcomes. First, it monitors the physical and
psychological well-being of the patients through self-report
questionnaires and momentary ecological assessments (eg, using
e-diary), in particular, regular administration of standardized
self-report questionnaires and momentary ecological
assessments, such as e-diary, effectively track variation in
physical and psychological symptomatology, allowing an
evaluation of affective instability in CP [15,19]. Second, it
favors bidirectional and well-timed communication between
health care professionals and patients [7,16], for example,
patient-reported outcome measures can be managed by mobile
health apps and stored in patients’ electronic health records,
favoring a fast and direct clinical response to alarm conditions
[20]. Third, it permits scheduled clinical follow-ups, reducing
the risk of failing continued clinical monitoring during, for
example, the survivorship phase [12]. The strategy is meant to
improve the quality of care for both outpatients and inpatients.
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This latter statement is coherent with the National Cancer
Institute declaration [21] that has remarked on the importance
of building a strong and consolidated connection between
inpatients and outpatients, reducing the risk that cancer
survivors, after the end of active treatment, move out from the
care system. Fourth, it boosts patients to be more involved in
their treatment decisions, permitting them to achieve a shared
decision about their care pathway throughout the implementation
of decision aids. According to the American Society of Clinical
Oncology international guidelines [21] for pain management,
patients with breast cancer can choose between pharmacological
and nonpharmacological treatments. Thus, patients with breast
cancer experiencing CP have to face a series of
preference-sensitive decisions related to the treatments and their
consequences in the short, medium, and long term [22,23].
Accruing evidence [24,25] has stressed the critical role of
decision aids as an excellent strategy to increase the probability
of getting a shared and involved decision. Decision aids are
tailored tools designed to deliver evidence-based information
on the disease, available treatments, and associated risks;
additionally, they may help patients think about the treatment
alternatives according to a personal outlook [24,25]. Overall,
health technologies are recognized as facilitators of shared
decision-making (SDM), reducing decisional conflict and
enhancing patient satisfaction.

Implementing SDM models improves patients’ knowledge and
consolidates the comprehension of their treatment preferences
[24,26]. Evidence highlighted that, when implemented on mobile
apps, decision aids may support patients by raising awareness
of treatment preferences, reducing decisional conflict, and
improving adherence to medical treatments [27-30] and SDM
[31-33]. We argue that the implementation of the decision aid
in clinical practice might be beneficial for patients with early
breast cancer in the initial stages of the clinical pathway, that
is, immediately after the surgery, when the patients have to face
a series of preference-sensitive decisions related not only to the
anticancer treatments but also to the management of the pain.

PainRELife Integrated Big Data Ecosystem and
Usability Approach
Despite the importance of health technologies in CP
management, only some studies have provided integrated
technological solutions supporting health care providers in
patient management [20]. In addition, available studies have
several methodological limitations (eg, small sample size and
short follow-up period). Therefore, additional studies are often
needed to evaluate the feasibility and usability of such health
technology solutions in the clinical practice for supporting
patients with CP throughout the care pathway. The evaluation

of the user's usability experience is a fundamental prerequisite
to increasing the success rate in implementing technologies into
routine clinical practice [34] and gives reliable and quantitative
information on the quality of e-tools. While the development
of new mobile apps should rely on usability testing and
patient-centered design process that integrates patients’ needs
[34], before testing for effectiveness and improving adoption
and compliance [35].

This pilot study offers an opportunity to test the patients’
usability experience of an integrated technological ecosystem
for CP management (PainRELife) in a sample of patients with
early breast cancer. Once the usability and effectiveness of
PainRELife will be proven, this ecosystem might fill the gap
between hospital and home care settings, collecting ongoing,
and integrated patient-centered data with the 3-fold future aim
to (1) carry out ecological monitoring of the physical and
psychological pain experience of the patients; (2) obtain
psychoeducational information on pain and available treatments;
(3) explore of patients’preferences and support in SDM on pain
treatment options between the physicians and the patients.

Methods

Primary End Point
The primary end point of this pilot study is the evaluation of
patients’ usability experience after 3 months of using a new
digital and integrated technological ecosystem (engagement,
judgment on usability, aesthetics, quality of given information,
personal perception, and perceived impact on behaviors; Nu
Platform connected with the PainRELife app) for patients with
early breast cancer experiencing CP.

Secondary End Points
Secondary end points concern the following aspects: (1)
assessing the usability of the mobile app in terms of the number
of access and usage time; (2) assessing changes in self-efficacy
related to CP; and (3) assessing SDM processes between patients
and health care professionals.

Study Design
This is an observational, prospective pilot study nested in a
large-scale national project named “PainRELife, Sustainable
and integrated big data ecosystem for continuity of care and
decision support for patients with pain“ (ID 1173269). The
PainRELife project aims to develop a cloud technology platform
(”Big data HUB“) that is able to interoperate with institutional
systems (eg, national electronic health records) and patients’
devices to collect integrated health care data (Figure 1).
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Figure 1. Elements involved in the PainRELife ecosystem and their interconnections.

PainRELife Integrated Big Data Ecosystem
The PainRELife is composed of 3 main technological assets
integrated into a single digital ecosystem (Figure 1) that were
developed during the first year of the project through a
collaboration between technical partners and clinical aspects
(January 2020 to June 2021).

1. A Fast Healthcare Interoperability Resources (FHIR)–based
cloud platform (Nu platform) that enables care pathway
definition and data collection. The digitized care pathways
managed through the Nu platform were developed following
a consensus procedure that included both the available
guidelines and recommendations on CP management and
the local experience at the referral centers involved in the
project. The digitalized care pathways for pain management
became accessible to health care professionals for the data
collection on pain, psychological well-being, and decision
preferences about treatment options. In particular, the Nu
platform is the intuitive interface that will be used by health
care providers and will permit them to collect and store
clinical data (eg, diagnosis, comorbidities, treatments, drugs,
pain, anxiety, depression, and emotional distress) and an
ongoing monitoring of the patient's health status (from the
diagnosis to the follow-ups).

2. A big data infrastructure connected to the FHIR server that
analyzes data and implements dynamic dashboards for
aggregate data visualization aimed to provide a
population-based view for researchers and governance. The
dashboards were designed to provide an at-a-glance
overview of the population tendencies with respect to the
different measures and monitoring procedures. Since these
dashboards are not designed for patients, they were not
evaluated in this protocol.

3. An ecosystem of personalized apps for patient-reported
outcomes collection, digital delivery of interventions and
tailored information, and decision support for patients and
caregivers (PainRELife app).

The integration of these 3 aspects and the involvement of
relevant stakeholders within the CP management process allows
the definition of PainRELife as an ”integrated ecosystem.“

Key Features of PainRELife Mobile App
The PainRELife app was developed to interoperate with the Nu
platform through the FHIR standard, establishing a bidirectional
communication channel between health care providers and
patients. The PainRELife app has been designed following 3
different steps. First, an extensive and qualitative literature
analysis has been performed to define the main issues for
patients with breast cancer experiencing CP [36]. In addition,
the impact of CP on psychological functioning has been
analyzed as the role of the caregivers in the management of the
CP experience and how CP impacts different dimensions of the
quality of life (sexuality, employment, and returning to work,
and psycho-emotional and social determinants). Furthermore,
unmet needs in managing CP were evaluated considering
multilevel determinants such as sociodemographic,
psychological, social, and clinical variables [36]. Finally, the
role of technologies in the health care system has been explored
to understand the most important aspects that should be
considered in the design and development of health technologies.
Based on this qualitative analysis, a set of preliminary contents
and mock-ups of the mobile app have been developed.

Second, a series of semistructured interviews have been
conducted with female patients with breast cancer (N=6) to
implement a user-centered design process of the CP mobile app.
The semistructured interviews had 3 main goals: evaluating the
perceived use of technological support for pain management
and the current experience of the patients with the health
technologies; evaluating possible interface, contents,
functionality, and quality of the mobile app; evaluating a preuser
experience of the mobile app through an ad hoc storyboard.
Overall, the storyboard is a method used to provide a brief
overview of a new mobile app. The storyboard illustrates the
main sections of the mobile app and explains the circumstances
in which the mobile app should be used.
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Finally, all contents of the mobile app have been revised and
discussed by an expert group. The group composed of
oncologists, palliative physicians, psychologists, and patients.
The obtained suggestions have been integrated into the
PainRELife app's last version.

The PainRELife app has been organized into 3 main sections
(Figure 2):

1. Educational Section: In this section, patients gather
evidence-based information on CP and breast cancer. This
section aims to improve health literacy using evidence-based
information about CP experience during the care pathway
(from diagnosis to survivorship). This section contains
information on a wide array of topics related to breast
cancer diagnosis, cancer pain experience, treatments for
CP (pharmacological and nonpharmacological), associated
benefits and side effects, and psychological comorbidities.
The contents of this section are organized as text, video,
and audio files in order to increase the usability rate within
different groups of patients with breast cancer.

2. Pain and Psychological Wellbeing Assessment Section: It
contains a set of self-reported measures evaluating
psychological well-being (Hospital Anxiety and Depression
Scale; Pain Catastrophizing Scale) [37,38] and pain
experience (Brief pain inventory; Visual Analogue Scale
[VAS]) [39,40]. This section also includes an e-diary and
pain and emotions body mapping exercise. In addition, the
e-diary aims to monitor the emotional, cognitive, behavioral,
and physical aspects of the CP experience. At the same
time, the pain and emotion body mapping exercise request
the patients to localize pain and emotions associated using
a digital representation of the body (Figure 2). The
self-reported measures were implemented with a specific
interval time for a total of 3 months with automatic push
notifications: Hospital Anxiety and Depression Scale and
Pain Catastrophizing Scale monthly; VAS, pain and
emotions body mapping exercise, and e-diary each week;
and Brief pain inventory 2 times a month. The aim of this
section is to (1) permit ongoing monitoring of the patients
by health care providers when they are at home and during
the follow-up phase and (2) improve the patients' awareness
about their own emotional and physical well-being through
specific self-monitoring tasks. Overall, the patients will fill
questionnaires in the PainRELife app for 3 months.
PainRELife app will send an alert to recall the
questionnaires.

3. Decision Aid Section: It is one of the app's key features
(Multimedia Appendix 1). The decision aid comprises 2
parts—profiling patients’ preferences and decision tree for
CP treatments. In the first part, each patient fills a set of
visual analog scales (ranging from 0 to 100) evaluating the
general features of the pharmacological and
nonpharmacological treatments. The VAS have been
designed, considering the key determinants of the patient's
treatment decisions suggested by the evidence [41-45]. The
pharmacological treatments such as the perception of
efficacy, motivation, and general beliefs (3 items);
association between drug dosage and tolerability (3 items);

the importance of the speed of the effect on pain reduction
(1 item); risk of physical dependence (1 item); modality of
administration (3 items); side effects tolerability (1 item);
the impact of the consumption on cognitive functioning (1
item) are evaluated in detail. On the contrary, the
nonpharmacological treatments evaluated efficacy
perception, motivation, and general beliefs (3 items);
attitude toward interventions that act of mental
representations and emotions behind the pain experience
(1 item); attitude toward interventions mind-body (1 item);
attitude toward interventions that might drive to immediate
pain relief (1 item); attitude to short-term interventions (1
item) and that might be implemented autonomously and
at-home (1 item); attitude toward interventions that
self-administered (active role vs passive role) (1 item);
attitude toward interventions that are conducted in a group
versus separately (2 items).

In the second part, patients have to complete a decision tree. A
decision tree has been defined as a sort of “abstract structure”
able to increase knowledge about the choice that should be
performed. The decision tree supports an informed and shared
decision [46,47]. Through the decision tree, each patient will
compare individual use associated with pharmacological and
nonpharmacological treatments. In addition, each patient will
identify each option (pharmacological vs nonpharmacological
treatments), advantages, and disadvantages. Each of them will
be assigned a value ranging from 1 to 10 (advantages-gains)
and from −1 to −10 (disadvantages-losses). The total value
obtained, given by the sum of the advantages and disadvantages
for each option, permit to calculate the individual use associated
with each treatment. Each patient is trained to fill the decision
aid after 15 days from the discharge to the hospital, at 1 month
from surgery, and at 3 months before the clinical follow-ups.
The final aim of the decision aid is to support the construction
and expression of patients’preferences about current treatments
for CP by comparing pharmacological versus
nonpharmacological treatments.

Overall, the information collected by the PainRELife app
through the self-reported measures and e-diary will be stored
in the Nu platform and managed by the health care providers
(oncologists, nurses, and psychologists) in order to monitor the
health and psychological status of the patients and permitting
the early identification of at-risk situations. Patients may see
the results obtained in each self-reported measure and other
tasks of the PainRELife app and are trained to contact the health
care professionals for any questions about these issues. The
results obtained in the assessment performed through
PainRELife app will be discussed in the following clinical
consultation.

The PainRELife app will be installed on the patient’s mobile
phone, and if the patient does not have a personal mobile phone,
it will be provided by the researcher (Multimedia Appendix 2).
The PainRELife app can run on IOS and Android operating
systems. To ensure timely communication with the hospitals
and the physicians, relevant contact information will also be
explicitly provided to the participants within the PainRELife
app.
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Figure 2. English version of the application PainRELife.

Participants
In this study, 20 participants consecutively admitted at Istituto
Europeo di Oncologia (IEO) at the Division of Medical
Senology and the Division of Pain Therapy and Palliative Care
with a diagnosis of breast cancer and CP will be enrolled. Such
a sample size is recommended for 1 group [48,49]. Other studies
suggested that in order to record a higher percentage of usability
errors, it is advisable to enroll a sample of more than 12
participants [50]. Furthermore, within the PainRELife project,
a mobile app was also configured for patients experiencing
chronic pain post stroke and tested in a referral center for
neurological rehabilitation. Thus, a parallel data collection will
be conducted on a sample of 20 participants consecutively
admitted at Casa di Cura Policlinico. The present protocol refers
solely on IEO patients.

Selection Criteria
Inclusion criteria include (1) patients >18 years; (2) having an
early breast cancer diagnosis; (3) having undergone surgical
intervention for breast carcinoma (quadrantectomy, mastectomy
± lymph node dissection); (4) the presence of postsurgical pain
with a score ≥3 in the Numerical Rating Scale (NRS) or VAS;
(5) patients with internet access and a personal smartphone; and
(6) patients who have read and signed the informed consent.

Exclusion criteria include (1) the presence of primary psychiatric
or neurological conditions preventing the ability to use the
mobile app and the capacity to express free consent to join the
study; (2) the presence of other medical conditions which imply
an active antalgic treatment; and (3) patients who refused to
sign the informed consent.

Measures

Patient Demographic and Medical Variables
Age, gender, education, marital status, cancer diagnosis, type
of surgery, oncological treatments, and comorbid medical
disorders were collected through electronic medical records and
self-reports.

Pain Self-Efficacy Questionnaire
The PSE is a self-administered questionnaire composed of 10
items rated on a 7-point Likert scale from “not at all confident”
to “completely confident.” The Pain Self-Efficacy Questionnaire
(PSEQ) [51,52] measures self-efficacy while performing
activities of daily living, despite experiencing pain. The total
score of the PSEQ ranges from 0 to 60. The PSEQ has been
validated for Italian culture by Chiarotto et al [52] and showed
high internal consistency (Cronbach α=.94).

Nine-Item Shared Decision-Making Questionnaire
The 9-item Shared Decision-Making Questionnaire (SDM-Q-9)
[53] is a self-administered questionnaire composed of 9 items
on a 6-point Likert scale from “completely disagree” to
“completely agree.” The SDM-Q-9 evaluates patients’
perception of SDM and their level of involvement during the
consultation, as well as the information received on possible
treatments and potential risks and benefits of being involved in
the decision-making process. The SDM-Q-9 showed high
internal consistency in the original validation (Cronbach α=.94).

Mobile Application Rating Scale
The Mobile Application Rating Scale (MARS) [54] is a
self-administered questionnaire specifically created to rate the
quality of eHealth apps [55], and it is composed of 6 different
sections (A, B, C, D, E, and F) for a total of 29 items with 5
possible answers. It assesses the quality of the app according
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to 4 specific dimensions: engagement experienced while using
the app (A); functionality (B), aesthetics (C), quality of the
information received (D), as well as the subjective perception
of app quality (E) and the perceived impact on the app toward
knowledge, attitudes, and probability to change user behaviors
(F). The MARS showed a high internal consistency
(Cronbach α=.90) and good psychometric properties [56].

VAS and NRS
The VAS and NRS [57] are unidimensional assessment scales
for evaluating pain intensity. The first one graphically represents
the amplitude of perceived pain through a 10-cm predesigned
line. The left extremity corresponds to the “absence of pain,”
whereas the right represents the ”worst pain possible.“ Next,
the patient will be asked to draw a sign on the line representing
the level of experienced pain. In the NRS scale, similarly,
patients will be asked to verbally specify the number
corresponding to their experienced pain, according to the
following numerical graduation: (0: “no pain,” 1-3: “mild pain,”
4-6: “moderate pain,” 7-10: “severe pain”). The use of the VAS
or NRS is determined by the patient’s degree of cognitive
functioning.

Recruitment and Follow-ups
Patients admitted to the Division of Medical Senology of the
IEO will be enrolled by the palliative care physician and a
trained psychologist from the Applied Division of Cognitive
and Psychological Science. The patients enrolled will have an
interview with the psychologist responsible for the data
collection. The psychologist will install the PainRELife app
and create a personal account. Each patient will use the app for
3 months, during which data extracted from the questionnaires
will be sent to the Nu platform. Furthermore, at baseline (T0),
each patient will fill a set of questionnaires (PSEQ, SDM-Q-9,
and VAS or NRS), while at 3 months (T1), each patient will
fill the same questionnaires and MARS.

The palliative care physician and the psychologists in charge
of data collection will monitor the information transmitted from
the PainRELife app to the Nu platform for the whole period of
testing.

Patients will be informed that neither the platform nor the app
will replace the clinical consultation. Furthermore, for any
necessity, patients have to get in contact with the pertaining
division.

A monthly telephonic interview will be provided to maintain
motivation and monitor and detect any psychological, physical,
and technical problems. In addition, this program includes 3
calls: 1 at the end of week 4, week 8, and week 12. Each call
will last about 10 minutes and address concerns related to the
use of the app or their involvement in the pilot study. Data
collected through the PainRELife app will be sent to the Nu
platform and consequently managed by the physician responsible
for data collection.

Statistical Considerations
All statistical analyses will be performed through SPSS (version
26; IBM Corp). Data analyzed will be referred to the primary
end point, such as usability experience and app quality, which

is assessed by the MARS questionnaire. The questionnaire
delivers a mean quantitative score for each subscale (A, B, C,
D, E, and F), with a mean score from 1 to 5 for the given
answers and a total mean score of app quality and the subjective
quality perceived by the patients. High mean scores (range 3-5)
indicate a good qualitative level of app usability, both
considering the global quality and the specific subdimensions
[58]. Descriptive statistics of all the questionnaires included in
the app will also be processed. Considering the secondary end
points, the mean and SD of the PSEQ questionnaire scores will
be calculated at T0 (baseline) and T1 (at 3 months) and
compared using an appropriate statistic test. PSEQ mean scores
will be interpreted according to the established normative
reference values [52]. Furthermore, the number of accesses and
usage time for each app section will be collected and analyzed.
This additional analysis will provide insights into compliance
(considering the total number of accesses required by the care
pathway) and the perceived usefulness of the educational and
decision aid sections.

According to the SDM-Q-9, the questionnaire's total raw score
will be obtained by summing all the scale items, ranging from
0 to 45. Since it is more comprehensible, the raw score will be
transformed into an interval scale from 0 to 100 (where 0
indicates the lowest possible level of SDM and 200 pinpoints
the highest level of SDM) by multiplying the raw score by 20/9.
Lastly, bivariate correlations among the questionnaires
administered at T1 will be computed. Specifically, a positive
correlation between the quality of the app scores (measured by
MARS), the perceived self-efficacy despite the presence of pain
(measured by PSEQ), and SDM scores (measured by SDM-Q-9)
is expected.

Ethics Approval
This pilot study follows the principles stated in the Declaration
of Helsinki and subsequent amendments and the Good Clinical
Practice Guideline. This protocol was assessed and certified by
the ethical board of the European Institute of Oncology
(approval number R1597/21-IEO 1701). Informed consent will
be obtained from all participants. The informed consent will
contain detailed information on the aims and the procedures of
the study, as well as on the analysis plan, risks, and benefits for
the participants. Participation in the study will be voluntary,
and participants will not receive any compensation.

Furthermore, the study data are deidentified. Data will be stored
in the IEO databases for 10 years. The study will comply with
national and local data protection legislation. Further, all data
will be anonymized. Data will be stored in the IEO databases
for 10 years.

Results

The recruitment process started in May 2022 and ended in
October 2022.
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Discussion

Principal Expected Findings
Considering the complexity of CP experience in the cancer
domain, the international scientific community has advocated
identifying cutting-edge approaches for CP management. A
growing body of studies [8,10,20,31,58] has underlined that
health technology solutions might be considered an encouraging
and challenging opportunity to enhance patient-centered care
and increase patient participation in the care pathway, SDM,
and health-related quality of life. This pilot study protocol
described here and testing patients' usability experience at 3
months of a digital and integrated ecosystem (PainRELife
mobile app and Nu platform) for CP in a sample of patients with
early breast cancer will permit to achieve of a series of key
expected outcomes enriching results obtained from the previous
studies.

The first expected outcome concerns the possibility of collecting
a set of patient-based evidence about the usability experience
of the PainRELife mobile app, which will permit to tune of the
future version of this type of health technological solutions for
patients with chronic pain. More specifically, the results about
usability will permit to identify which features (in terms of
functionality, aesthetics, and quality of the information provided)
a mobile app for CP management should have to be used by
patients to manage their care pathway and which are the
patient’s beliefs about the perceived impact on health behaviors
(eg, “The mobile App will help me to improve health literacy
about my pain permitting me to adopt behaviors able to reduce
CP”). A second expected outcome concerns the possibility of
overcoming limitations highlighted by earlier studies about
health technologies for the patient’s clinical management (eg,
inadequate sample size or follow-ups) [20]. Indeed, using a pilot
study design to evaluate usability experience will inform future
studies evaluating effectiveness, thereby increasing the
probability of achieving a better implementation of such
integrated ecosystem into routine clinical practice and increasing
user retention.

A third expected outcome concerns the patient’s home
monitoring, contributing to reducing barriers to pain
management related to poor medical resources, inadequate
health system, and low health literacy [9]. In particular, we
argue that the direct communication between the Nu platform
(health care professionals’ perspective) and the PainRELife
mobile app (patients’ perspective) will permit the ongoing
tracking of outpatients' physical and psychological health status,
allowing physicians to recognize alarm signals promptly.
Furthermore, such an integrated ecosystem will permit
monitoring clinical follow-ups, reducing the risk of patients'
dropout.

Finally, a fourth expected outcome is implementing the decision
aid to improve patients' ability to participate in their clinical
decision, providing a better portrayal of patient SDM processes
in pain management. In addition, we argue that the integration

of a decision aid in the PainRELife mobile app will allow
patients with breast cancer to deal with preference-sensitive
decisions by clarifying their needs, values, and expected
outcomes associated with the treatment for CP. Also, data
collected through the decision aid and shared with the physician
will permit us to understand the patient's perspective before the
clinical consultation better. This better knowledge about patient
perspective will facilitate patient and doctor interaction and
consequently will support the achievement of a shared decision
about CP care.

Limitations
Despite the innovative clinical and methodological aspects of
the current usability study protocol, some limitations should be
considered. First, the patient’s usability experience of the
PainRELife app is evaluated by MARS administration without
measuring outcomes related to the care process and the clinical
workflow. However, physicians’ perspectives and related
clinical workflow have been considered in the design phase of
the PainRELife ecosystem, both for developing the Nu platform
(the interface used by the physician) and for the PainRELife
app (the interface used by the patient). As reported, the digitized
care pathways (managed through the Nu platform and
PainRELife app) were developed following a consensus
procedure that included both the available guidelines and
recommendations on CP management and the local experience
at the referral centers involved in the project (IEO and Casa di
Cura Policlinico). This could have contained the risk of
implementation bias. Second, a monthly telephonic interview
is performed by a trained researcher for the monitoring of usage
and concerns to maintain patient involvement in the study,
reducing the risk of dropout and increasing the quality of the
data collected. Notwithstanding, we have to consider the risk
that monthly telephonic interviews are the outcome measures.
Indeed, patients might have increased the usage of the
PainRELife app to satisfy research expectations (social
desirability effect) and because the researcher has dedicated
attention to the participant (Hawthorne effect).

Finally, the last limitation concerns the decision to use a
single-group instead a 2-group design for evaluating usability
experience according to Julious [49] guidelines for a pilot study.
A study design with 2 groups (intervention vs control group)
could have also permitted an evaluation of differences in pain
management associated with using the PainRELife app. This
type of information could have informed a future effectiveness
study.

Conclusions
We expect to provide a set of suggestions for the development
and implementation of this health technology into routine
clinical practice. Data from this pilot study will inform the
conduction of full-powered studies testing the efficacy and
impact of digital support systems for CP management. Further,
the future implementation of this integrated ecosystem will
improve CP management in patients with cancer and SDM
models through decision aid.
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Abbreviations
CP: chronic pain
FHIR: Fast Healthcare Interoperability Resources
IEO: Istituto Europeo di Oncologia
MARS: Mobile Application Rating Scale
NRS: Numerical Rating Scale
PSEQ: Pain Self-Efficacy Questionnaire
SDM-Q-9: Shared Decision-Making Questionnaire 9-Item
SDM: shared decision-making
VAS: Visual Analogue Scale
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