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Background: Over the past decade, there has been a significant increase in research on the use of mobile
health (mHealth) apps as disease management tools. However, very few apps are currently available for
prostate cancer (PCa) patient management, and the available apps do not combine the needs of physicians
with the requirements of patients. This study aimed to describe the development of a mHealth application
for PCa survivors called RyPros, which includes dynamic visualization, intelligent reminders, and instant
messaging to support decision-making regarding treatment and follow-up and test the initial accessibility and
acceptability application.

Methods: The application was developed through a three-step procedure: logical structure design,
application programming, and testing. Dynamic visualization, intelligent reminders, and instant messaging
were the core functions of RyPros. Twenty-eight participants who had PCa were enrolled in four weeks of
follow-up using the RyPros App. We initially evaluated participants’ acceptance of RyPros based on their use
of the app (login data, questionnaire completion) and a satisfaction survey.

Results: We successfully designed and tested the application. A total of 32 participants were enrolled, of
whom 28 completed the 4-week follow-up, yielding a participation rate of 87.5%. Each participant logged
on an average of 2.82 times and achieved an average of 0.89 questionnaires per week over the four weeks.
Most participants (64%) liked the app, and most participants (71%) were satisfied, giving the RyPros app a
rating of 4 or 5. More than half of the participants (61%) intended to use the RyPros app regularly, and the
majority of participants agreed that the three core functionalities of RyPros were helpful (20/28, 71% for
instant messaging; 16/28, 57% for visualization; and 18/28, 64% for reminders and assessments).
Conclusions: The mHealth application we developed for PCa survivor management provided dynamic
visualization, reminders, assessments, and instant messaging to support decision-making based on

multidisciplinary collaboration. PCa survivors showed high acceptance of the RyPros app.
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Introduction

Prostate cancer (PCa) remains a leading type of incident
cancer and a significant cause of mortality in men
worldwide, with 1.6 million new cases and 366,000 deaths
annually (1). In China, the incidence of PCa has increased
significantly. The 2015 National Cancer Statistics released
by the China Cancer Center show that PCa is the sixth
leading cause of cancer-related deaths among men in
China (2), and the incidence of PCa has the highest growth
rate among tumors in men. As advances in medical and
new therapeutic agents become available, the overall life
expectancy of PCa survivors is increasing. Therefore,
PCa shares similarities with chronic diseases. Due to the
numerous treatment options and monitoring indicators
for PCa, clinicians need to spend much time summarizing
and analyzing the data, leading to omissions and errors.
The only way to maximize patient survival and improve
patient quality of life is to standardize the individualization
of the diagnosis and treatment processes by adopting
multidisciplinary collaboration and the performance of
rigorous, comprehensive, and accurate follow-up. A tool
that can assist clinicians with PCa patient management in
clinical practice is urgently needed.

With the development of information and communication
technology, such as the Internet and smartphones, mobile
health (mHealth) applications that can provide medical
information and services to patients through mobile
smart devices (3) be effective methods of responding to
the growing patient population and need to rationally
allocation the limited medical resources. Smartphone apps
are the most popular and widespread type of mHealth (4).
Smartphone apps can collect data and information anytime
and in any location and provide immediate feedback,
enabling more systematic and objective data collection and
assessment. It can also enhance patient physical fitness,
promote patient self-monitoring of symptoms, improve the
medical knowledge of patients, and enable patients to better
communicate with their medical care team (5), thereby
reducing the number of unnecessary visits, optimizing the
management process, and improving the efficiency of the
allocation of health care resources. Currently, mHealth apps
help manage heart health (6) and diabetes (7). Many apps
focused on providing health consultations to patients (8)
and patient management services for doctors (9) have also
emerged in China.

In oncology patients, mHealth is mainly used to promote
preventive measures, improve early detection, manage
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cancer care, and support cancer survivors (10). The majority
of the apps available are intended for use by breast cancer
patients (11), and positive effects of these mobile apps on
cancer survivors have been observed (12). However, the
use of mHealth in urology (13) is rare, especially among
PCa patients (4), possibly due to the existence of numerous
treatment protocols and monitoring indicators, need for
multidisciplinary collaboration, heterogeneous nature of
PCa tumors, the number of stages of tumor development,
and the lack of involvement of urology specialists (13).

There are four major categories of mHealth apps for
PCa: (I) PCa risk prediction tools (14); (II) apps that guide
postoperative recovery and exercise (15); (III) simple full
management apps with self-assessments, PSA monitoring,
self-care, and early warning functions, mainly represented
by Ned (16) and Interaktor (17); IV) MyHealthAvatar (18)
has an integrated platform for the self-management of
patients with chronic diseases and cancers (breast and
PCa). Currently, PCa apps are in their infancy and need
further development before being widely incorporated into
clinical practice. Although the currently available PCa apps
suffer from data protection issues, readability issues, and
inadequate information updates, they have the potential to
play an essential role in PCa management if appropriately
developed and responsibly managed (19). In general, PCa
apps have the following drawbacks: lack of dynamic analyses
and visual presentation of data; system operator interfaces
that are not user friendly; the lack of instant messaging
capabilities; and the lack of opportunities for physician-
patient communication and active participant cooperation.
Furthermore, these apps do not adequately integrate the
needs of physicians and patients.

We developed a novel app called Rhythm Prostate
(RyPros) for PCa survivors to address these gaps and
needs. The app’s functions include dynamic visualization,
intelligent reminders, and instant messaging, which support
decision-making regarding treatment and follow-up. We
further tested the initial accessibility and acceptability of the
application. We present the protocol in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/tau-21-459).

Methods
Application framework

The construction process had three stages: structure design,
application programming, and tool testing.
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Figure 2 Structure design for the visualization function of the RyPros app.

Structure design

System structure (Figure I)

The RyPros PCa management system consists of the participant
interface, doctor interface, management system. Both the
participant and physician apps were developed for iOS and
Android devices and can be operated on iPhones and iPads. The
participant mobile app and the physician mobile app should
be installed on mobile handheld devices (OS and Android) to
provide system access to participants and physicians.
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Design of core functional modules
Visualization (Figure 2)

% PSA and testosterone: the app has an early warning
system based on abnormal thresholds of PSA and
testosterone and can promptly send alerts to doctors
and participants.

e

Dynamic labeling of status: the application enables
visualization of the patient’s status, allowing doctors
to grasp the patient’s status at a glance, more clearly
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understand and analyze the patient’s condition, and
accurately formulate the treatment plan according
to the relevant guidelines. The different statuses are
represented by different colors and can be manually
modified by doctors.

Visualization interface: the application provides better
human-computer interaction through visualization.
All operations are performed by clicking, scrolling,
or sliding the screen, which are simple actions that
participants can readily understand and adopt.
Awareness & comprehension: all patient education
materials are presented visually as videos, animations,
figures, etc.

Chronobiology analysis: the patients’ blood pressure,
heart rate, blood glucose, body mass index (BMI), and
other essential health parameters are continuously
monitored and presented visually as trends over time
using chronobiological methods. The RyPros app
tracked patients’ essential health parameters by three
main methods: system integrated wearable devices such
as Chronocloud’s blood pressure monitor, smartwatch,
smart scale; manual input of data by physicians and
patient; data access Hospital Information System (HIS)
by authorized.

Reminders & assessments (Figure 3)

Follow-up reminder: the app can send push notifications
to the patient interface to remind the patient to attend
follow-up promptly. If the patient does not attend a
follow-up visit after a specified time, automatic alerts
can appear in the doctor interface, from which the
doctor can send another reminder to the patient with a
one-click reminder function.

Assessments: (I) Performance status and life expectancy

Figure 3 Structure design for the intelligent reminder function of the RyPros app.

were the first assessments to be included, as they are
essential to making decisions about the diagnosis and
treatment of PCa. Performance status was assessed
using the Eastern Cooperative Oncology Group
(ECOQG) performance status scale; the life expectancy
was based on the average life expectancy of the Chinese
population and then adjusted for the patient’s overall
health status (20). (II) The 26-item Expanded Prostate
Index Composite (EPIC-26) questionnaire (21) is a
reliable and valid scale with 26 items assessing five health
dimensions: urinary continence, urinary irritation, sexual
function, bowel function, and hormonal expression. It
is scored on a summary scale from 0 to 100, with higher
scores indicating better health status. The scale has
been validated in China (22) and several other countries
(23,24) and has been confirmed to be an effective tool
for evaluating health-related quality of life (HRQOL)
in PCa patients (24). (III) In PCa patients, pain can be
caused by surgery or metastases, and chronic pain can
lead to anxiety and depression. We applied the widely
used numerical rating scale (NRS) (25), which is suitable
for elderly individuals and less well-educated individuals,
to evaluate and dynamically monitor patients’ pain
levels. (IV) The Memorial Anxiety Scale for Prostate
Cancer (MAX-CP), which was developed by Roth (26)
in 2003, is a scale specifically designed to assess anxiety
in PCa patients and is effective at assessing anxiety in
outpatients with PCa in several countries (27,28). We
chose the Burns Depression Checklist (BDC) (29), which
was invented by David Burns, a famous US psychologist
and expert in cognitive-behavioral therapy, for the
preliminary assessment of depression, and patients who
were identified as having anxiety or depression were
referred to a psychiatrist for early interventions.
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Figure 4 Structure design for the instant messaging function of the RyPros app.

% Medication: the app we have developed can provide

intelligent reminders once the timing and doses of
drugs are entered into the system.

Instant messaging (Figure 4)

Using the instant messaging module of the RyPros app,
participants can communicate and consult directly with
clinicians; the group instant messaging feature facilitates
communication across departments and allows the easy
extraction of participant-related data for analysis.

Application programming
The RyPros app was developed in Python on a cloud-based

Linux system. All data were transferred using an encrypted
Application Programming Interface (API) and Software
Development Kit (SDK). Data are stored in two remote
MySQL databases, with the most sensitive data encrypted
with Message-Digest Algorithm 5 (MDS5) and personal
information deleted and stored separately in another
database.

Running test

The RyPros App and web platform were tested internally
by professional human software testers. The functionality,
interface, stability, and ease of use of the RyPros app were
tested to determine whether the structure was reasonable,
the functionality was complete, the layout was clear, the
system was stable, the data were accurate. Throughout the
testing process, our tester also tested the efficiency of the
user experience (UX) and user interface (Ul) to ensure both
patient and physician users will be comfortable using the
tool and are willing to continue to use it.

© Translational Andrology and Urology. All rights reserved.

Privacy and data security

Patient medical information and data are private. The
guarantee of privacy is an essential factor that affects
patients’ willingness to use the app. Our app protects
patients’ privacy and data under the China Data Security
Law, collects only the information necessary for medical
purposes, controls access to the data, and stores all patient
information in a distributed manner on cloud servers to
protect the information gathered and avoid information
leakage.

Study enrollment criteria

The enrollment criteria were as follows: (I) male patient
over 18 years old; (II) currently receiving treatment and
follow-up at Haikou Hospital; (III) pathology report
confirming PCa; (IV) life expectancy longer than one year;
(V) no concomitant cancers; (VI) had a device that was
compatible with the RyPros app with Internet access via
a mobile data network or Wi-Fi (or both); and (VII) the
ability to speak, read, and write on their own and operate
the phone on their own or with the help of a relative.

Patient recruitment

When a patient with PCa visited the outpatient clinic, a
clinician (WG/ZM) invited that patient to participate in
the study. If the patient expressed interest in enrolling and
met the study enrollment criteria, the clinician informed
the patient in detail about the content of the study (e.g.,
the study purpose and procedures and the associated risks
and benefits). After the patient agreed to enroll in the study
and signed the informed consent form, the registered nurse
(DN) helped the participant install the free app, informed
the participant in detail how to use the app, registered the
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Table 1 Scenario-based tasks to evaluate the acceptability of the RyPros app

Task Method Contents
Log data Extracted from the database Logged data on the frequency of patient engagement with the app
Questionnaire Push questionnaire via app ~ Completion of the questionnaire (weekly)

Satisfaction and acceptance survey  Interview

Score on the survey (after 4 weeks)

participant for a RyPros account, and completed a baseline
assessment of the participant. The clinicians then logged
in to their RyPros accounts and invited their patients
to use RyPros. Patients were then authorized to use the
features of RyPros and could invite their caregivers to use
the application. Using randomization and consecutive
enrollment, all participants were enrolled for a limited
four-week time period, and the enrolled participants then
completed a four-week follow-up visit. All participants
received a gift card valued at RMB ¥100 at the end of the
study, and clinicians and nurses participating in the study
were not compensated.

Data collection and analysis

We designed scenario-based tasks to assess the acceptability
of the RyPros application, as detailed in 7able 1. Participant
acceptance of the application was assessed by combining
of how often participants logged in to the application,
whether they completed the assessment questionnaire and
the satisfaction survey results. The satisfaction survey was
administered in a face-to-face interview between clinicians
and the enrolled participants at the outpatient follow-
up visit after four weeks. The satisfaction survey assessed
patient satisfaction and acceptance of the three core
functionalities of the RyPros app.

Statistical analysis

Data were analyzed using the IBM SPSS statistical
software package (version 23.0. The statistics reported in
this manuscript are mainly descriptive. We report counts
and percentages for categorical variables, and means and
interquartile ranges (IQRs) for continuous variables.

Ethics

The study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). Ethics approval was
granted by Haikou Hospital Institutional Research Ethics

© Translational Andrology and Urology. All rights reserved.

Committee (Ethics code 2020-130). All participants
signed informed consent forms before taking part.
Their anonymity was guaranteed, and the integrity and
confidentiality of their data were ensured. Participants were
free to contact our research staff via the app, phone, or
email with any questions during the study, and participants
could withdraw from the study without unfair treatment.

Results
Application test

The app ran as expected on both the doctor and the patient
interfaces. The app interface was simple and ran smoothly,
and data storage and reading were stable and accurate.
The app provided visualizations of analyses of patients’
physiological parameters, PSA levels, serum testosterone
levels, and other monitoring data; dynamically labeled
patients’ disease stages; reminded patients of their follow-up
appointments; assessed patients’ HRQOL; and facilitated
communication between doctors and between doctors and
patients via instant messaging (Figures 5,6).

Enrollment and sample characteristics

A total of 32 PCa patients were enrolled, 28 (87.5%)
completed the four-week survey, and four withdrew from
the study (participants requested to quit for personal
reasons). The characteristics of the participants are outlined
in Table 2. The mean age of the enrolled participants was
72.5 (67.5-79.5) years, and the mean PSA level at diagnosis
was 40.7 (16.9-103.8) ng/mL. Most of the participants were
married (71%, 20/28); 36% (10/28) of the respondents
had a bachelor’s degree or higher, and most patients had
intermediate- or advanced-stage tumors. A total of 7%
(2/28) had stage I, 39% (11/28) had stage 11, 25% (7/28)
had stage III, and 29% (8/28) had stage IV cancer; the
treatments were mainly radical surgery in 39% (11/28) and
androgen deprivation therapy (ADT) in 36% (10/28). Most
participants had multiple comorbidities; only 14% (4/28) of
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Table 3 Satisfaction and acceptance survey for the RyPros app

Characteristics Value

Survey N (%)

Age, median (IQR) 72.5 (67.5-79.5)

Marital Status, n [%]

Married 20 [71]
Single 11[4]

Divorced 3 [11]
Widowed 4114]

Education, n [%]

Middle school or below 9 [32]
High school 9 [32]
College or above 10 [36]

AJCC Stage, n [%]

[ 21[7]
Il 11 [39]
I 7 [29]
v 8 [29]

Grade Group, n [%]

GG1 5[18]
GG2 4114]
GG3 6 [21]
GG4 8 [29]
GG5 5[18]

PSA level (ng/mL) at diagnosis, median (IQR) 40.7 (16.9-103.8)

Current treatment, n [%]

Prostatectomy 11 [39]
Radiation 5[18]
Androgen deprivation therapy 10 [36]
Active surveillance 21[7]

Comorbidity, n [%]
Yes 24 [86]
No 4[14]

Satisfaction*
| really like using the RyPros app
Disagree or strongly disagree 6 [21]
Agree or strongly agree 18 [64]
I will try to use the RyPros app in my daily life
Disagree or strongly disagree 7 [25]
Agree or strongly agree 17 [61]
| am satisfied with the RyPros app
Disagree or strongly disagree 5[18]
Agree or strongly agree 20 [71]
Acceptance of core functionalities of RyPros app

| think the instant messaging function is helpful for
communicating with clinicians

Disagree or strongly disagree 4 [14]
Agree or strongly agree 20 [71]

| think the visualization function is helpful for
understanding my illness

Disagree or strongly disagree 7 [25]
Agree or strongly agree 16 [67]

| think the reminders and assessments function is
helpful for improving my condition

Disagree or strongly disagree 7 [25]

Agree or strongly agree 18 [64]

*, satisfaction survey evaluated after 4 weeks.

the men reported that they had no comorbidities.

Acceptability of the RyPros App

The 28 participants logged into the RyPros app 316
times (2.82 times per patient per week, pppw) over the
4 weeks and completed the weekly participant HRQOL

questionnaire 112 times (0.89 times pppw). After the
4-week follow-up, participants were also asked about their

IQR, interquartile range; AJCC Stage, American Joint Committee
on Cancer (AJCC) TNM Staging System For Prostate Cancer
(8th ed., 2017); Grade Group, The 2014 International Society of
Urological Pathology Modified Gleason Grading System; PSA,
prostate-specific antigen.

intention with regard to continuing to use the app and
their satisfaction with the app (see Table 3 for details). The
respondents were asked whether they agreed with the
following statements: “I really like to use the RyPros app”,
“I will try to use the RyPros app in my daily life”, and “I am
satisfied with the RyPros app”. The three core functions
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were also assessed. The responses were scored on a 5-point
Likert scale from “Strongly disagree-1”, “Disagree-2”,
“Neutral-3”, and “Agree-4” to “Strongly agree-5”. Most
participants (18/28, 64%) liked the app at least somewhat,
and most participants (20/28, 71%) were relatively satisfied,
giving the RyPros app a score of 4 or 5 out of 5. More
than half of the participants (17/28, 61%) intended to
use the RyPros app in their daily lives, and the majority
of participants agreed that the three core functionalities
of RyPros, namely, instant messaging, visualization, and
reminders & assessments, were helpful to them (20/28,
71%; 16/28, 57%; and 18/28, 64%, respectively).

Discussion

Fatigue, pain, anxiety, and depression are common among
cancer survivors (30), most of whom also have chronic
diseases, thus increasing the demands on the health care
system. PCa patients need to be aware of the long-term
outcomes of their treatment and be given information to
encourage them to take a proactive approach to maintain
their overall health. It is crucial for them to continue to care
for their health after achieving survivor status. As there are
many PCa treatments and monitoring indicators, doctors
expend a great deal of effort classifying and analyzing
patient data, and the time and methods available for doctor-
patient communication are somewhat limited. Only by
more meaningful patient-doctor communication can
patients and doctors make decisions together and optimize
patient self-management (31). The management of patients
throughout the entire process, from diagnoses to follow-
up, is crucial. The management of PCa has not been clearly
defined; however, we suggest that it differs from managing
chronic diseases. PCa patients need to be provided with a
continuum of services throughout the entire process from
diagnosis, through treatment, and finally during follow-
up. These services include monitoring, evaluating, and
intervening when needed, emphasizing standardized,
individualized, and multidisciplinary care involving effective
communication between doctors and patients. Patients
need to be given more professional support and guidance
to increase their compliance, taking into account their
physical and mental statuses to achieve the most significant
clinical benefit and prolong survival. The development
of a management app for PCa needs to consider that the
app has to dynamically respond to changes in disease stage
and patient status, particularly during hormonal therapy,
which is the critical aspect of PCa management. The most
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incredible difficulty is encountered when management and
follow-up occur outside the hospital (in the community).

Based on our understanding of the management of PCa
patients, we developed RyPros. We provide preliminary
data to evaluate better the accessibility and acceptability of
the RyPros application, which is designed to personalize
the assessment and follow-up of PCa survivors and inspire
patients to focus on self-care and proactively cooperate with
the treatment.

RyPros App accessibility

Visualization

A great deal of data is generated during the diagnosis,
treatment, and follow-up of PCa. How can we eliminate
the redundancy and make the data available and easy
for patients and clinicians to comprehend? Solving this
problem requires data visualization tools. The human vision
system is a high-bandwidth signal input parallel processor
with a maximum bandwidth of 100 MB per second that
perceives visual symbols orders of magnitude faster than
numbers or texts (32). Data visualization is the integrated
use of computer graphics, image processing, human-
computer interaction, and other technologies to convert
data into recognizable graphics, symbols, images, videos,
or animations and present information valuable to users.
Through this visualization, users can analyze data and
acquire knowledge, improving their comprehension (33).
Data visualization is not limited to data presentation but
involves presenting data in ways that are more conducive to
human understanding and acceptance through data mining
and the creation of charts and other graphic representations.
The interactions among data, humans, and machines are
at the core of data visualization. The data visualization
feature in the RyPros app can show multidimensional
changes concisely and clearly, allowing doctors to make
decisions quickly and save time. RyPros enables rapid
visualization of the patient’s status, allowing doctors to
determine the patient’s status at a glance, understand and
analyze the patient’s condition, and accurately determine
the treatment plan following the relevant guidelines. The
majority of PCa patients are elderly, have impaired memory
and comprehension, and may have low levels of eHealth
literacy (34). Especially in the less developed areas and
villages in China, older individuals and those with lower
incomes are more likely to have lower levels of eHealth
literacy. RyPros was designed to have a visual human-
computer interaction interface that makes the app simple,
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fast, and easy to understand. Studies have shown that
educational materials in many cancer-related mobile
apps require high literacy levels, which hinders patients’
comprehension of the content. Given the easy and
convenient access to health information on smartphones,
patients could benefit from educational materials provided
in the app (35). In our app, all educational materials for
patients are presented as videos, animations, and graphics to
facilitate the patients’ understanding.

The rotation and revolution of the earth result in cyclic
changes in environmental factors. Organisms adapt to
periodic changes in environmental signals by adjusting
their physiological and biochemical processes and behavior.
These adjustments are called biological rhythms, and
the discipline that studies biological rhythms and the
regulatory mechanisms is called “chronobiology” (36).
Many physiological functions (respiratory, cardiovascular,
digestive, and immune systems) and biological activities
(hormone secretion, sleep-wake cycle, cell division,
apoptosis, DNA repair) have biological cycles that last
close to 24 hours (37). The RyPros application allows
us to monitor participants’ blood pressure, heart rate,
glucose, body mass index (BMI), and other parameters
that reflect the participants’ health status and visualize and
evaluate these parameters by chronobiological methods.
That enabled us to observe whether there is a correlation
between testosterone levels during hormone therapy and
these parameters, which provides the opportunity to guide
individualized medication subsequently, diet and exercise.

Reminders & assessments

Most PCa patients are elderly who experience lapses
in memory lapses and tend to miss medication doses
and follow-up appointments, negatively affecting their
treatment. Patients often miss the optimal time for
treatment because they do not attend regular follow-up,
resulting in disease progression and significant negative
impacts on their prognosis and quality of life. The
RyPros app can remind participants to make a follow-up
appointment on time and remind them to complete various
assessment scales when they are at home, thereby avoiding
unnecessary visits to the hospital, saving time and money,
and reducing the risk of cross-infection in the hospital.

PCa patients may experience urinary incontinence,
sexual dysfunction, ADT-related symptoms, pain, anxiety,
and depression due to radical surgery, radiation therapy, and
hormonal therapy, which may decrease their HRQOL (38).
In contrast, individualized patient-centered interventions
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can improve the quality of life of PCa patients (39).
Therefore, we selected the EPIC-26, NRS, MAX-CP,
and BDC as suitable assessments for PCa patients, widely
applicable, and easy to understand. These scales were used
to assess the participants dynamically. Patients’ HRQOL can
be promptly evaluated, and multidisciplinary collaboration
with psychologists can enable the development of effective
individualized interventions.

Instant messaging

With the development of mobile internet and communication
technology, instant messaging has emerged. Instant messaging
allows people to communicate with each other through
real-time text, share documents, send voice messages, and
communicate by video over the Internet from any location,
eliminating the restrictions imposed by time and space and
improving the efficiency f communication. Due to many
patients and the uneven distribution of medical resources,
there is a lack of time and opportunity for doctor-patient
communication. Instant messaging can improve doctor-
patient communication, promote joint decision-making, and
ultimately benefit patients. Cancer treatment has become
multidisciplinary and comprehensive, and the treatment
plans may differ in each department involved due to
differences in treatment experience and background medical
knowledge. That necessitates multidisciplinary cooperation
to provide the most suitable individualized treatment plan.
The instant messaging feature in the RyPros app facilitates
multidisciplinary discussions among departments and allows
the easy extraction of patient-related data for analysis.

RyPros App acceptability

Designing an application that interests users and makes
them want to start and continue to use it has always been
a challenge. In the mHealth field, technology acceptability
is even more critical, as it may influence participants’
willingness to use the technology. However, the definition
of acceptability is controversial, and the acceptance of the
technology is rarely investigated during its design and
initial use (40). In healthcare technology, acceptability
and satisfaction have been used as synonyms to explain
people’s perceptions of technological devices. Others
identify satisfaction as a concept that is subordinate to
acceptability or even an aspect of usability (41). Therefore,
we initially assessed participants’ perception of the
acceptability of RyPros through their actual use of the
RyPros app (frequency with which they logged in, whether
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they completed the assessment scales) and administered
a satisfaction questionnaire of our design. The various
characteristics of the participants are shown in Table 2,
including PCa grades, stages, and treatments.

There is a lack of data on patient usage and satisfaction
with mHealth apps related to PCa. Ned (16) published
an article on the research protocol but did not publish
the results of a follow-up study regarding adoption,
acceptability, and effectiveness. Interaktor (17) had 66
(61.7%) patients that participated in the study, and the login
data showed a daily symptom reporting rate for participants
(87%). MyHealthAvatar (18) only reported a recruitment
rate of 45% and did not show any login data on patient
usage and satisfaction. In a single-arm pilot trial using a
digital health tool to collect patient-reported outcomes from
patients with PCa (42), a total of 29 participants took part
in the study, of whom 86% (25/29) completed a satisfactory
questionnaire (defined as completing 60% of the weekly
questions over 12 weeks), and 72% (21/29) completed
guided interviews. Currently, none of the other studies’
PCa -related mHealth apps provide data on the number
of logins per patient per week. Participants logged on an
average of 2.82 times per week, close to the average number
of logins per week for an asthma app (43) (3.08 times
pppw). Due to the lack of available data from other studies
of PCa patients using the app, the asthma app was used for
comparison. Our results demonstrated that the participants
were delighted with the app, similar to the data obtained
from other disease applications (43). The most significant
proportion of participants (71.4%) reported that they
approved of the instant messaging feature, indicating that
the participants cared about communicating with clinicians
with this new approach. Participants were also satisfied with
the reminders and assessments (64.3 %), indicating that that
feature increased the participants’ understanding of their
condition. The visualization feature received a relatively low
approval rating (57.1%), possibly because the visualization
feature helped the participants understand their condition,
which the participants were not eager to do. However, the
need for data integration and visualization of the analyses is
more critical from the clinician’s perspective, suggesting a
subsequent questionnaire to assess the clinicians’ satisfaction
with the RyPros app. In summary, our analysis of how
often participants logged in to the RyPros app, whether
they completed the assessment scale, and the satisfaction
questionnaire results showed that participants with PCa
had a high level of acceptance of the RyPros app after its
initial use.
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Limitations

The knowledge and technical skills of our team were
limited; the funds and personnel available were unable
to meet the research and development needs fully; the
biorhythm analysis model has yet to be verified and
optimized; the app processes and interfaces need to be
continuously tested and improved; the number of patient
users needs to be expanded. The study sample size was
small, the study duration was short, and there was no
control. The acceptability and effectiveness of the long-
term utilization of the RyPros app by PCa patients can be
studied in the future by conducting randomized controlled
studies, increasing the sample size, and extending the study
duration. We will also use the theory of the acceptance
and use of technology [Unified Theory of Acceptance
and Use of Technology, UTAUT (44)] to study the
factors influencing the acceptance of users to improve the
acceptance and usage of the RyPros app constantly.

Conclusions

We have developed a mHealth PCa patient management
app with dynamic visualization, intelligent reminders, and
instant messaging to enable individualized diagnosis and
follow-up based on multidisciplinary collaboration. We
initially demonstrated good acceptability of the RyPros
app by PCa patients. We expect this app can meet both
doctors’ and patients’ needs and combine large amounts of
biological data using the mobile internet, cloud computing,
wearable devices, and big data analytical methods to provide
PCa patients with comprehensive health services. The
coronavirus disease 2019 (COVID-19) epidemic has caused
many patients to miss their hospital appointments and
evaluations, highlighting the vital role of mHealth apps in
follow-up and care.
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