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Abstract
Background None of the early M-Health applications are designed for case management care services. This study 
aims to describe the process of developing a M-health component for the case management model in breast 
cancer transitional care and to highlight methods for solving the common obstacles faced during the application of 
M-health nursing service.

Methods We followed a four-step process: (a) Forming a cross-functional interdisciplinary development team 
containing two sub-teams, one for content development and the other for software development. (b) Applying 
self-management theory as the theoretical framework to develop the M-health application, using contextual 
analysis to gain a comprehensive understanding of the case management needs of oncology nursing specialists 
and the supportive care needs of out-of-hospital breast cancer patients. We validated the preliminary concepts of 
the framework and functionality of the M-health application through multiple interdisciplinary team discussions. 
(c) Adopting a multi-stage optimization strategy consisting of three progressive stages: screening, refining, and 
confirmation to develop and continually improve the WeChat mini-programs. (d) Following the user-centered 
principle throughout the development process and involving oncology nursing specialists and breast cancer patients 
at every stage.

Results Through a continuous, iterative development process and rigorous testing, we have developed patient-
end and nurse-end program for breast cancer case management. The patient-end program contains four functional 
modules: “Information”, “Interaction”, “Management”, and “My”, while the nurse-end program includes three functional 
modules: “Consultation”, “Management”, and “My”. The patient-end program scored 78.75 on the System Usability Scale 
and showed a 100% task passing rate, indicating that the programs were easy to use.
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Background
Female breast cancer is the second leading cause of global 
cancer incidence in 2022, with an estimated 2.3  million 
new cases, representing 11.6% of all cancer cases [1]. Due 
to surgical trauma, side effects of drugs, fear of the recur-
rence or metastasis of breast cancer, changes in female 
characteristics, and lack of knowledge, patients with 
breast cancer frequently experience a series of physical 
and psychological health problems [2–6]. These health 
problems seriously affected patients’ life and work [7, 
8]. At present, community nursing in China is still in the 
developing stage, and the oncology specialty nursing ser-
vice capacity of community nurses is not enough to deal 
with the health problems of breast cancer patients. It 
made continuous care for out-of-hospital breast cancer 
patients a weak link in the Chinese oncology nursing ser-
vice system.

Nowadays, case management is employed to man-
age health problems for out-of-hospital breast cancer 
patients worldwide [9–15]. Case management involves 
regular telephone follow-ups and home visits by case 
management nurses to provide educational support to 
patients, thereby ensuring uninterrupted continuity of 
care [16, 17]. The home visits and organization of patient 
information required for case management tasks con-
sume a significant amount of time, manpower, and mate-
rial resources [17]. In China, case management services 
are primarily undertaken by oncology nursing specialists 
from tertiary hospitals in their spare time [18]. However, 
the shortage of nurses has consistently been one of the 
major challenges facing the nursing industry in China, 
especially in tertiary hospitals [19]. Consequently, the 
implementation and promotion of case management in 
China also face great difficulties in reality [20].

The Global Observatory for eHealth (GOe) of the 
World Health Organization (WHO) defines mobile 
health (M-Health) as “medical and public health prac-
tice supported by mobile devices, such as mobile phones, 
patient monitoring devices, personal digital assistants 
(PDAs), and other wireless devices” [21, 22]. With the 
development of digital technology and the COVID-19 
pandemic in 2019, M-Health applications were further 
integrated into healthcare services, which increased 
the demand for M-Health applications in turn [23, 24]. 
Compared with the traditional health service model, 
M-Health service model has the advantages of high-level 

informatization, fast response speed, freedom from time 
and location constraints, and resource-saving, etc. In the 
context of limited nursing human resources, M-Health 
service provides a new solution for the case management 
of out-of-hospital breast cancer patients [23, 25, 26].

Researchers have developed a range of M-Health appli-
cations targeting breast cancer patients. To our knowl-
edge, none of these developed M-Health applications are 
designed for case management nursing services.

Early M-Health applications were mostly designed for 
single interventional goals, such as health education, 
medication compliance, self-monitoring, etc. Larsen 
et al. applied a M-Health application to monitor and 
adjust the dosage of oral chemotherapy drugs in breast 
cancer patients, and the results suggested that the treat-
ment adherence was effectively improved [27]. Heo and 
his team successfully promoted self-breast-examination 
behavior in women under 30 years old using a M-Health 
application [28]. Mccarrol carried out a M-Health diet 
and exercise intervention in overweight breast cancer 
patients and found that the weight, BMI, and waist cir-
cumference of the intervention group decreased after 
one month [29]. Smith’s team found that their applica-
tion promoted the adoption of healthy diet and exercise 
behaviors among breast cancer patients [30]. The appli-
cation designed by Eden et al. enhanced the ability of 
breast cancer patients receiving chemotherapy to recog-
nize adverse drug reactions [31]. Keohane and colleagues 
designed a health educational application based on the 
best practices and it proved effective in improving breast 
cancer-related knowledge [32]. The guideline-based 
M-Health application developed by Eden et al. optimized 
breast cancer patients’ individualized health decision-
making regarding mammography [33].

With the progress of computer technology and the 
emphasis on physical and mental rehabilitation of breast 
cancer patients, some universities [34, 35] in China have 
separately developed M-Health applications for com-
prehensive health management, which provide access 
to online communication, health education, and expert 
consultation.

Analyzing these developed applications deeply, three 
factors could be found that hindered the promotion of 
applications in real life. Firstly, the developing proce-
dure usually lacks contextual analysis based on the actual 
usage context during the design phase. Secondly, there 

Conclusions Based on the contextual analysis, multi-stage optimization strategy, and interdisciplinary team work, 
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leverages the expertise of professionals from multiple disciplines to create effective and evidence-based solutions 
that can improve patient outcomes and quality of care.
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is a lack of consistent and long-term monitoring and 
operation staff in the subsequent program implementa-
tion. These factors may be the main reasons why many 
M-Health applications face difficulties in promotion and 
continuous operation after the research phase. Further-
more, as applications need to be installed on patients’ 
smartphones, certain hardware requirements, such as 
memory, may also pose restrict the adoption of M-Health 
applications to some extent.

In order to meet the needs of supportive care for out-
of-hospital breast cancer patients and the needs of case 
management for oncology nurse specialists, we formed 
a multidisciplinary research team and collaboratively 
developed a WeChat mini-program for breast cancer 
case management in the CMBM (M-health for case 
management model in breast cancer transitional care) 
project. WeChat is chosen as the program development 
platform based on the following considerations. Firstly, 
WeChat is the most popular and widely used social soft-
ware in China. As of December 31, 2020, the monthly 
active users of WeChat have exceeded 1.2 billion, and the 
daily active users of WeChat mini-programs exceeded 
450 million [36]. Secondly, users can access and use the 
services of the mini-program directly within the WeChat 
platform, without the need to download or install addi-
tional mobile applications. This reduces the hardware 
requirements for software applications. The above two 
factors allow for a positive user experience and a realistic 
foundation for software promotion.

The purpose of this study is to describe the process of 
developing a tailored M-health component for the case 
management model in breast cancer transitional care and 
to highlight methods for solving the common obstacles 
faced during the application of M-health nursing service.

Methods and results
The development process was conducted in four steps: 
(a) An interdisciplinary development team was formed, 
consisting of two sub-teams dedicated to content and 
software development. (b) Using the self-management 
theory as the theoretical framework, contextual analy-
sis was used to understand the case management needs 
of oncology nursing specialists and the supportive care 
needs of out-of-hospital breast cancer patients. Through 
iterative discussion within the interdisciplinary team, the 
preliminary conception of the application framework 
and function was formed. (c) A multi-stage optimization 
strategy was adopted to develop and regularly update the 
WeChat mini-programs, including three stages (screen-
ing, refining, and confirming). (d) During the entire 
development process, a user-centered principle was fol-
lowed with the involvement of oncology nursing special-
ists and breast cancer patients, including development, 
testing, and iterative development phases.

The interdisciplinary team
An important prerequisite for developing M-health appli-
cations is the formation of an interdisciplinary develop-
ment team. We built a multidisciplinary team consisting 
of researchers, oncology nursing specialists, and software 
developers. Each team member brought their expertise 
from their respective fields, and all individuals were con-
sidered members of the same team rather than separate 
participants with a common goal.

Two sub-teams were established, one responsible for 
content development, and the other for software devel-
opment. The content development team consisted of 
researchers and six senior breast oncology nursing spe-
cialists with bachelor’s degrees and over 10 years of clini-
cal experience. Their work included contextual analysis, 
functional framework design, and content review of the 
“Information” module. The software development team 
included researchers and experienced software develop-
ers. Their tasks involved developing the mini-program 
based on the functional framework and requirements 
designed by the content development team.

The development team used contextual analysis to 
identify the actual usage needs of two target groups for 
the mini-program: oncologist nurse specialists and out-
of-hospital breast cancer patients.

Involvement of oncology nursing specialists and breast 
cancer patients following user-centered design principle
Since the oncology nursing specialists and breast cancer 
patients are targeted users of the mini-program, the two 
groups fully participated in the development according 
to the user-centered principle. Nursing specialists who in 
charge of case management were interviewed about the 
preliminary functional framework of the mini-program. 
The interview results are presented in the section “Driv-
ing the Development Process via the Contextual Analysis 
Findings.” Semi-structured in-depth interviews were con-
ducted in the testing and iteration stage to gain user feed-
back from nursing specialists to improve the applicability 
and usability of the mini-program. The interview guide 
can be found in the supplementary material.

Breast cancer patients fully engaged in the three devel-
oping phases (Screening, Refining, and Confirming). In 
the Screening Phase, since the self-management theory 
was selected as the theoretical framework, the supportive 
care needs of out-of-hospital breast cancer patients were 
explored, and the functional framework of the mini-pro-
gram was constructed accordingly. In the Refining Phase, 
patients were invited to evaluate the usability and prac-
ticality of the mini-program through system tests and 
semi-structured in-depth interviews. The results of the 
system test are presented in the Results of System Test 
section. The feedback from interviews and corresponding 
iterative updates are listed in Table 1. In the Confirming 
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Phase, our research team is conducting clinical trials in 
out-of-hospital breast cancer patients to find out the 
actual effect of the mini-program on recovery.

The theory framework of the mini-program
This study applied the self-management theory [37] as 
the theoretical framework. The self-management the-
ory explains how individual factors and environmen-
tal factors influence an individual’s self-efficacy, which 
ultimately affects the generation and development of 
individual behaviors. Self-efficacy is influenced by direct 
experience, indirect learning, verbal persuasion, and psy-
chological arousal. By providing individuals with suffi-
cient knowledge, healthy beliefs, skills, and support, their 
self-efficacy is increased, and they are likely to engage 
in beneficial health behaviors and self-management. 
Individuals who are confident in their abilities to apply 
self-management behaviors and overcome obstacles by 
improving their self-management skills and persevere in 
their efforts to manage their health [37]. Self-efficacy is 
directly and linearly positively related to the active adop-
tion of health management behaviors [38]. The functions 
of the various parts of the mini-program designed using 
self-management theory can broaden the pathways and 

levels of efficacy information generation in four ways: 
direct experience, indirect learning, verbal persuasion, 
and mental arousal. Patients with high self-efficacy will 
take positive steps to achieve desired goals and possess 
disease-adapted behaviors. The form of the mini-applica-
tion function block diagram is shown in Fig. 1.

Driving the development process via the 
contextual analysis findings
Contextual analysis [39] is a method of discerning the 
profound significance and influence of language, behav-
ior, events, and so forth, by examining them within a 
particular environment or background. Rather than 
being an afterthought, contextual analysis sheds light 
on the meaning and inner dynamics of our primary sub-
ject of interest. Through contextual analysis, we can gain 
a deeper understanding of the user’s usage scenarios, 
including their motivations, goals, environment, and 
behavior. This helps us better understand user needs, as 
well as the problems and challenges they may encounter 
when using the software.

In this paper, we adopted contextual analysis to gain a 
detailed understanding of the needs of oncology nurse 
specialists and out-of-hospital breast cancer patients. 
The research team adopted a mixed research strategy to 
achieve contextual analysis of the target users. A cross-
sectional study was conducted among 286 patients and 
qualitative semi-structured in-depth interviews were 
applied in 12 patients to find out the supportive care 
needs of out-of-hospital breast cancer patients. Accord-
ing to the contextual analysis results from patients, the 
functional framework of the mini-program was con-
structed. See Fig. 2 for details.

Contextual analysis of breast cancer case manage-
ment nurses was conducted through focus group inter-
view. The interview results were listed as three themes: 
health information, personal self-management, and case 

Table 1 The feedback and iterative updates
Shortcomings of version 1.0 mini-program Iterative updates
“Information”: (1) The order of symptom labels in 
the “Physiological field” of “Breast Cancer Rehabilita-
tion” is not appropriate. (2) The search box pattern 
is too small to use.

(1) Labels such as 
“Surgical incision” 
and “Arm function 
exercise” have 
been moved to 
the front.
(2) Resolved.

“Interaction”: When the nurse and patient receive 
messages, no message reminder pops up on the 
WeChat interface timely.

Resolved.

“Management”: No clock-in reminder function. Resolved.

Fig. 1 The theory framework of the mini-program
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management needs. Health information included breast 
cancer-related knowledge, the side effects of chemother-
apy drugs, and symptom management measures. The key 
task of personal self-management contained temperature 
monitoring, weight management, functional exercise, 
and symptom management. Case management needs 
involved storage and management of patients’ medical 
records and development of a nurse-end program.

Based on the contextual analysis results of out-of-hos-
pital breast cancer patients and the oncology case man-
agement nurses, the framework and functional block 
of the mini-program were formed. An overview of the 
CMBM Software development process is listed in Fig. 3.

Patient-end program functional modules
Using the results of the contextual analysis, we design 
the functional modules of the patient-end program based 
on the patient’s supportive care needs. For example, the 
“Information” section is designed to meet the “Informa-
tion need” of breast cancer patients; the “social needs” 
and “spiritual needs” of patients suggest that breast 
cancer patients lack peer support, and for this reason, 

the"Interaction” section for patients has been added 
to the app to provide a communication platform for 
patients.

The patient-end program include four functional 
modules: “Information”, “Interaction”, “Management” 
and “My”. In the “Information” module, information 
about breast cancer treatment and health management 
are compiled based on clinical guildlines. The “Inter-
action” module allows patients to interact with fellow 
patients and consult an case management nurse. In the 
“Management” module, patients can record and review 
their self-management-related health status, including 
three medical parameters (temperature, blood pressure, 
weight) and three behavioral parameters (daily steps, 
medication, mindfulness excersice). The “My” module 
enables patients to input and edit their basic personal 
information and medical history. The main structure and 
information support module contents are listed in Fig. 4.

Fig. 2 Supportive care needs of out-of-hospital breast cancer patients
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Nurse-end program functional modules
The design of the functional modules of the nurse-end 
program was also derived from the results of contextual 
analyses. The nurse-end program includes three func-
tional modules: “Consultation”, “Management”, and “My”. 
The “Consultation” module is mainly used for online 
communication between case management nurses and 
patients. Nurses can enter the patient’s name in the 
search box to open a dialog box, and communicate with 
each other by sending text, voice and pictures. In the 
“Management” module, nurses can effortlessly search 
for patients by entering their name, WeChat nickname, 
or mobile phone number in the search box. This initi-
ates a seamless dialogue, and with a simple click of the 
“+” button, patients can be promptly added to the “My 
Concerns” list. They can view the medical record infor-
mation on its homepage, and add the postoperative treat-
ment plan for the patient. The “self-management report” 
feature empowers nurses to stay up-to-date with patients’ 
recent well-being. By monitoring vital indicators like 
temperature, weight, and incidents of nausea or vomiting 
following chemotherapy, nurses can proactively ensure 
patients’ safety. The “clock in record” feature meticulously 
logs various patient activities including weight variations, 
exercise regimens, and medication adherence, provid-
ing a holistic view of their health journey. “Treatment 
monitoring Schedule” enables nurses to create custom-
ized chemotherapy schedules. With the first postopera-
tive chemotherapy session scheduled in the calendar, the 
system seamlessly computes subsequent chemotherapy 
sessions and associated assessments. This transition to 
an online system marks a significant advancement from 
the traditional paper-based chemotherapy planning. Its 

automated scheduling and data tracking functions serve 
to alleviate the clinical nursing workload, enhancing effi-
ciency and freeing up valuable time for focused patient 
care. The “My” module offers nurses the convenience of 
adding patients of interest or relevant content to their 
“My Favorites” section, enabling streamlined one-click 
access for viewing and management. The core structure 
and informational components of this module are out-
lined in Fig. 5.

Driving the development process via the multi-
stage optimization strategy
We adopted a multi-phase optimization strategy to drive 
the software development process. This strategy was pro-
posed by Collins in 2005 and has become an important 
guiding theory for the development and evaluation of 
M-health interventions in recent years [40]. The strat-
egy consists of three phases: Screening Phase, Refining 
Phase, and Confirming Phase. The Screening Phase need 
theories to identify and incorporate intervention ele-
ments. In this study, the initial version (1.0) development 
was based on self-management theory. Focusing on self-
management, the results of contextual analysis, literature 
review and expert consultation were combined to design 
the mini-program version (1.0). The Refining Phase 
involves iterative adjustments to the previously version. 
In this study, the development team iteratively adjusted 
the mini-program version (1.0) according to users’ sug-
gestions and test results. The Confirming Phase includes 
planning for clinical trials to test effect of the mini-pro-
gram version (2.0) on self-management and recovery out-
comes in out-of-hospital breast cancer patients.

Fig. 3 Overview of the CMBM software development process
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Results of system test
Eight out-of-hospital breast cancer patients were 
recruited for system tests. The patient’s general informa-
tion is listed in Table 2.

The 10-item System Availability Scale (SUS)devel-
oped by Brooke was used [41]. The scale is a widely used 
method for quantitatively assessing user satisfaction 
with software systems. SUS is a Likert-5 and 10-item 
questionnaire (4 = strongly agree, 0 = strongly disagree), 
with Cronbach Alpha of 0.91. Generally, a system score 
above 60 on the SUS scale could be considered to be easy 
and simple to use, and the average score of SUS in our 
research is 78.75. The SUS scores of the mini-program 
system are presented in Fig. 6.

The research team designed the core task tests based on 
the typical and necessary self-management tasks of out-
of-hospital patients. The core task of the “Information” 

module was listed as an example (Table  3). Functional 
tests include the passing rate for each task, and perfor-
mance tests include the completion time of each task. 
More details can be found in Table 4.

Discussion
In this article, we demonstrated how to create a custom-
ized software solution for breast cancer case management 
practices based on a multi-stage optimization strategy, 
applied the contextual analysis method, and followed the 
user-centered principle. Preliminary test results showed 
satisfaction and acceptance of the WeChat mini-program 
among both out-of-hospital breast cancer patients and 
oncology nursing specialists.

Fig. 4 The main menu of patient-end program
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Team effort
There were two typical patterns for developing M-health 
applications in the past. One was led by software devel-
opers, while the other was led by medical profession-
als. Each of these patterns has its own advantages and 
disadvantages. To overcome these shortcomings, some 
projects [42] developing M-health applications are now 
utilizing interdisciplinary team collaborations. This 
approach not only ensures the quality of the software but 
also makes sure that applications meet the actual needs.

In order to develop a customized software solution, 
our research team consisted of researchers, oncology 
nursing specialists, and software developers. The inter-
disciplinary team work dedicated to customizing soft-
ware solutions together. Our team members each played 
to their strengths and held regular meetings to discuss 

Table 2 General information of patients
Number Age Education Career Chemother-

apy cycles 
received

P1 41 Middle school individual 
entrepreneur

2

P2 54 Primary school unemployment 1
P3 43 Middle school other occupations 2
P4 40 High school other occupations 3
P5 32 Middle school company 

employee
1

P6 43 bachelor other occupations 6
P7 48 diploma other occupations 1
P8 53 Primary school other occupations 1

Fig. 5 The main menu of nurse-end program
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and enhance our understanding and resolution of issues 
encountered during the software development process. 
Our team also included informal members: breast cancer 
patients, whose suggestions contributed to the practical-
ity of the program.

Contextual analysis and user-centered design
Contextual analysis is a valuable tool that enables devel-
opers to design systems that are more relevant and 
user-friendly. And it allows us to understand any context-
specific characteristics, practice patterns, and the open-
ness of the target setting’s nurses and patients towards 
technology [42]. User-centered design can significantly 
reduce the cost of program iteration. More importantly, it 
has a profound influence on various aspects of a program 

including its design, functionality, information architec-
ture, and interactive elements [43]. By analyzing differ-
ent contexts, not only did we design features that better 
meet user needs, but we also predicted and addressed 
potential issues that users may encounter when using the 
mini-program in advance, thereby enhancing the user 
experience. In the iterative development stage, we dis-
covered and improved some deficiencies in the design 
through core task testing and usability testing. Notably, 
the completion rate of the core task test reached 100%, 
indicating that our application is user-friendly and easy 
to operate.

Multi-stage optimization strategy
In several priority areas of public health, researchers 
have successfully applied multi-stage optimization strate-
gies to enhance their work, including software develop-
ment and intervention programs [44–46]. In this study, 
we also apply this strategy to software development. 
While the multi-stage optimization strategy provides an 
optimization framework, it is important to note that our 
optimization objectives (such as software functionality 
and content requirements) are determined by key users 
involved in the research (out-of-hospital breast cancer 
patients and oncology nurse spescialists). This project 
adopts a multi-stage optimization strategy, iteratively 
improving the development of the mini-program through 
screening, refinement, and confirmation stages. Each 
stage aims to optimize our program.

The research team plans to explore the feasibility of 
mini program development program through prelimi-
nary experiment, and verify the intervention effect of 

Table 3 The main details of the core task test
Test module Expected result Test procedures
Information Find out “Myelo-

suppression” in 
the “Information” 
module

(1) Click the “Information” in 
the home page.
(2) Choose “Breast Cancer Re-
habilitation” in “Information”.
(3) Select “Myelosuppression” 
in “Physiological field”.
(4) Click any tweet in the 
“Myelosuppression”.

Table 4 Task passing rate and completion time statistics
Completion time (s) Information Interaction Management
Passing rate 100% 100% 100%
Minimum completion time 12 12 7
Maximum completion time 23 28 18
Mean completion time 17.1 20.3 12.8

Fig. 6 System availability scale (SUS) score of patients
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mini program on self-management behavior, self-efficacy 
and quality of life and other indicators through formal 
experiment. A randomized controlled trial (IRB-2020-
408) was initiated in August 2022 at a Class III hospital 
in Zhejiang, China, and is currently in the data collection 
phase.

Conclusions
There is no doubt that M-health will play a core role in 
the future of health care. However, to successfully imple-
ment and promote M-health applications in clinical 
setting, it is essential to analyze the needs of the target 
population. Additionally, it is crucial to determine who 
will be the driving force behind the implementation of 
the entire M-health project. This study demonstrates 
how to integrate M-health components into existing 
breast cancer case management care practices. In addi-
tion to providing a reference for other teams interested 
in developing and integrating M-health components into 
case management care models, this study also provides a 
reference for building M-health-featured care work mod-
els in practices.

In this study, the collaborative work of an interdisci-
plinary team with backgrounds in nursing and computer 
science, along with the active involvement of patients, 
not only facilitated the planning, developing, updating, 
and testing of M-health components based on the actual 
needs of the target population, but also increased the 
chances of acceptance and long-term implementation of 
the M-health program in practice.

This study demonstrates how to integrate M-health 
components into existing breast cancer case manage-
ment practices. It provides insights for other reserch 
teams interested in developing and integrating M-health 
components into daily nursingt practice.

Outlook
In the context of the digital age, M-health applications 
are rapidly becoming information sources and decision 
support tools for healthcare professionals and patients. 
However, it is crucial not to overlook the issues of infor-
mation security and digital barriers for older adults.

Through interviews with outpatients with breast cancer 
and oncology nurses, we have gained insights into their 
concerns regarding information security. Some inter-
viewees expressed concerns about information security 
and were worried about the risk of their personal infor-
mation being leaked during app usage. Such concerns, to 
some extent, hinder the widespread adoption of M-health 
applications. Additionally, some interviewees mentioned 
that older patients, in general, find it challenging to learn 
and use the various functions of WeChat mini-programs, 
making it difficult to promote and apply M-health appli-
cations among the elderly population.

Solving these issues effectively is not only vital for the 
patients’ rights and interests but also crucial for the com-
prehensive implementation of M-health in practice. It 
is a matter that requires careful consideration in future 
development of M-health applications.
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