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Abstract

Background Though numerous mobile apps have been developed to support patients with cancer, there is

no comprehensive app that integrates evidence-based medical information, schedule management, lifestyle
modification tools, psychological support, and access to appropriate community resources, to address the needs
of patients with cancer. This paper presents a protocol for a randomized controlled trial to evaluate the efficacy of a
newly developed app designed specifically for patients with cancer.

Methods This prospective, multicenter, matched-pairs, randomized control trial is designed to evaluate the efficacy
of a digital app called Cancer Manager Plus (CAMA+)® (HuDIT, Seoul, Korea). Two hundred patients will be stratified
based on cancer type (colorectal, lung, breast, and thyroid) and treatment stage (diagnosis, chemotherapy, surgery,
radiation, and after treatment). Patients will be randomized to an intervention group that uses the developed app or
a control group that will undergo standard treatment for eight weeks. We hypothesize that self-efficacy, measured by
the Korean version of the Cancer Survivor Self-Efficacy Scale, will significantly improve in the intervention group, as
will cancer survivors' mental adjustment, measured by the Korean Mini-Mental Adjustment to Cancer Scale. We will
also assess other outcomes, such as physical health, mental health, cancer treatment adherence, and the experience
of using the app. All measurements will be evaluated at baseline and eight weeks follow-up.

Discussion The app being evaluated is designed to be tailored to each user and provide information and services on
four types of cancer, including evidence-based treatment information and appropriate mental and physical support
according to the user's treatment stage. This app is the first to offer comprehensive features such as personalized
information based on cancer type and treatment stage, mental and physical coaching, medication management

and appointment scheduling, and links to appropriate resources related to wellness. This study will help understand
how the app affects the self-efficacy of patients with cancer and type of adaptation to cancer, and assess the app’s
feasibility.
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Trial registration The clinical trial was registered with the Clinical Research Information Service, a part of the WHO
International Clinical Trials Registry Platform, on March 5, 2024 (approval number: KCT0009219).
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Background
Cancer is one of the most prevalent diseases worldwide,
with a substantial burden of unmet needs among patients
[1]. Advances in treatments, diagnostic methods, and
screening schedules have significantly improved sur-
vival rates, with the five-year survival rate for all cancers
increasing from 49% to 68% over the past 40 years [2, 3].
Cancer mortality rates have also steadily declined since
the 1990s [3]. As of 2022, cancer survivors accounted for
5.4% of the U.S. population, a figure that is expected to
rise by 24% by 2032 [4]. This growing population under-
scores the importance of addressing the complex chal-
lenges associated with cancer care and survivorship [5].
Mobile health (mHealth) apps have emerged as a
promising solution for cancer care, offering a range of
functionalities to support patients throughout treatment
and survivorship [5]. These apps cater to diverse patient
needs, including survivorship care, symptom manage-
ment, sleep disturbances, nutrition, general health educa-
tion, emotional support, physical activity, and motivation
[6]. By enabling continuous monitoring, real-time feed-
back, and access to resources, the apps help manage the
complexities of cancer care [7]. Studies indicate that
mHealth interventions improve symptom management,
enhance patient engagement, and foster self-efficacy, all
of which are critical for achieving positive long-term out-
comes [8—10]. Additionally, these tools have been shown
to improve quality of life (QOL), reduce stress, and sup-
port treatment adherence by empowering patients to
report symptoms and treatment-related side effects,
thereby promoting effective self-management [11, 12].
Despite these advancements, significant gaps remain
in the development and implementation of mHealth
apps for patients with cancer. Many apps are limited in
scope, addressing only one or two functions—such as
information delivery, adherence support, or psychologi-
cal assistance—without integrating these features into
a comprehensive platform [13-15]. Furthermore, most
apps lack personalized recommendations tailored to
individual patient data, and users often encounter usabil-
ity challenges, especially among diverse populations [16,
17]. The psychological support features of these apps are
frequently inadequate, and the unique needs of patients
with different cancer subtypes are underexplored [18, 19].
Research on mHealth apps has predominantly focused
on improving QOL, with limited attention given to other
critical clinical outcomes or the cost-effectiveness of
these technologies in healthcare settings [20].

As the paradigm shifts from perceiving cancer as
an acute disease to recognizing it as a chronic condi-
tion, frameworks like Bandura’s self-efficacy theory are
becoming increasingly relevant in cancer management
[21, 22]. The theory suggests that individuals with higher
self-efficacy are more likely to engage in self-management
behaviors, contributing to improved health outcomes
[22]. Active patient participation in treatment and self-
care is essential for achieving long-term success. Enhanc-
ing self-efficacy enables patients to manage the physical
and psychological challenges of cancer more effectively,
ultimately improving overall QOL. Low self-efficacy,
however, is often correlated with poorer outcomes and
higher symptom severity [23]. In contrast, higher self-
efficacy is associated with better pain management [23,
24], higher cancer screening rates [25], improved self-
examinations [26], healthier behaviors, lower depression
levels, reduced support needs, and better psychosocial
and functional outcomes [27]. Many patients with cancer
struggle with the initial responsibility of managing their
health [16], which emphasizes the need for interventions
that enhance self-efficacy.

Numerous efforts have been conducted to improve
self-efficacy in patients with cancer. Online interven-
tions, such as Springboard Beyond Cancer, have shown
significant improvements in self-efficacy in randomized
controlled trials [16]. A meta-analysis of online self-
management programs revealed lower symptom distress
in intervention groups compared to controls, although
most evaluated programs were outdated, and only one
was adapted for smartphone use [28]. Limitations in
these programs include difficulty in delivering interven-
tions at the optimal time [29] and the need for tailored
approaches [16]. Despite these challenges, mHealth solu-
tions hold promise for addressing self-efficacy and other
survivorship needs, particularly when combined with
scientifically validated interventions, like psychological
therapy, exercise, and nutritional guidance, as exercise
has been shown to alleviate treatment-related symptoms
[30], and certain nutritional factors may impact mortality
and recurrence risk [31].

In many countries, access to professional medical staff
is limited, prompting cancer survivors to seek informa-
tion from communities or online platforms. Unfortu-
nately, much of the online information is unverified
and potentially harmful. For example, 70% of bladder
cancer-related content on social media is of moder-
ate to poor quality [32], and 32.5% of popular articles
on breast, prostate, colorectal, and lung cancers contain



Hwang et al. BMC Public Health (2026) 26:23

false information, with 30.5% deemed harmful [33]. This
underscores the importance of providing accurate, evi-
dence-based resources to patients with cancer.

To address these challenges, we created a digital app to
provide personalized, evidence-based information appro-
priate to the type of cancer (colorectal, lung, breast, thy-
roid) and stage of cancer treatment (diagnosis, surgery,
chemotherapy, radiation, end of treatment, etc.). The app
also provides coaching and training for lifestyle modifica-
tions and psychological coping, and assists in matching
patients’ needs with appropriate community resources.
The current clinical trial has been designed to validate
the clinical efficacy of this app.

Patients diagnosed with either
colorectal, lung, breast or thyroid cancers
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Hypotheses
To address the research objective, the following hypoth-
eses will be tested:

(1) Cancer survivors’ self-efficacy (primary endpoint)
significantly improves in the group using the app
for eight weeks in combination with conventional
treatment (intervention), compared with the group
receiving only conventional treatment (control).

(2) Mental adjustment to cancer (secondary endpoint)
significantly improves in the intervention group,
compared with the control group.

(3) The newly developed app will show efficacy in
improving cancer survivors’ health outcomes, and its
feasibility and usability will be confirmed.

Methods

Study design

This study is a prospective, multicenter, matched-pairs,
randomized controlled trial designed to evaluate the
efficacy of the developed app (Fig.1). Two hundred sur-
vivors of prevalent cancers—colorectal, lung, breast,
and thyroid—will be selected, with 50 individuals repre-
senting each type of cancer. To assess the effectiveness
of the app throughout the cancer treatment cycle, par-
ticipants will be evenly distributed across the treatment
stages—diagnosis, before and after chemotherapy, before
and after surgery, before and after radiation, and after
all treatments have been completed. From the pairs of
patients matched based on cancer type, sex, age group,
and treatment stage, one will be randomly assigned to the
intervention group and the other to the control group.
Randomization will be done by a separate researcher,
independent of the study researchers. The intervention
group will use the app in combination with their standard
treatment for eight weeks, whereas the control group will
receive only the standard treatment for the same dura-
tion. Outcomes will be evaluated at the beginning of the
trial (baseline) and eight weeks after using the program
(endpoint).

Study setting

The participants will be recruited from three hospi-
tals located in three different regions in the Republic of
Korea: Chung-Ang University Hospital in Seoul, Chung-
Ang University Gwangmyeong Hospital in Gyeonggi-Do,
and Chungbuk National University Hospital in Chun-
gcheongbuk-Do. Although participants will be recruited
from three hospitals, the app-based intervention will
be managed by researchers at the principal investiga-
tor’s institution, Chung-Ang University Hospital. Addi-
tionally, researchers from all three hospitals will receive
training at Chung-Ang University Hospital on the app,
administrator program, and standardization of outcome
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measurement to ensure homogeneity of the interven-
tions and assessments. The participants will be recruited
through posters and information booklets on the trial.
Written consent will be gathered before participants
begin the study, and they will have the option to opt out
of the study for any reason whatsoever, whenever they
wish.

Eligibility criteria
The inclusion criteria will be as follows:

(1) Primary diagnosis of colorectal, lung, breast, or
thyroid cancer.

(2) Aged 20 years or older.

(3)Has access to an Android or IOS-based smartphone
or similar device.

The exclusion criteria will be as follows:

(1) Does not voluntarily consent to the study.

(2)Has difficulty in communication.

(3) Diagnosed with a psychiatric disorder or has
significant cognitive impairment.

(4)Has limited digital literacy skills.

Pilot analysis on feasibility and usability

To assess if CAMA+° could show acceptable feasibility
and usability, we conducted a two-week pilot test with
ten participants from September to November 2024 [34].
The mean age of the participants was 50.2 years (SD =
10.82), with one male and nine female participants. After
using the app for two weeks, participants completed
surveys and interviews to evaluate how the applica-
tion affected their mental state, as well as their satisfac-
tion and user experience. Feasibility was assessed using
a questionnaire that measured how much the applica-
tion supported users’ mental health, with each of the four
modules evaluated separately. Satisfaction was also mea-
sured through a dedicated survey. Usability was assessed
using another ten-question user experience survey, which
evaluated participants’ experience with the app’s func-
tionality, structure, and design. All items evaluating fea-
sibility and usability were rated on a 6-point Likert scale,
ranging from 1 (strongly disagree) to 6 (strongly agree).
Additionally, qualitative research was conducted through
interviews, primarily using open-ended questions to
explore users’ experiences in depth. More details on the
pilot study are provided in the supplementary materials
(Additional File 1).

The results showed that participants were highly sat-
isfied with CAMA+°, with most ratings averaging 5 or
higher on a 6-point Likert scale. User feasibility analysis
of the app’s modules indicated that participants found it
helpful for cancer treatment and lifestyle management,
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with average ratings of 5.45 for schedule management,
5.40 for tailored medical information, 5.57 for coaching
programs, and 4.95 for connection to well-being—related
resources. Participants also reported positive experi-
ences with the app’s functionality, structure, and design,
with an overall satisfaction rating of 5.33 and an average
usability score of 5.39. The lowest-rated aspect was diffi-
culty in correcting errors during input, which received an
average score of 4.89. The following key themes emerged
from the qualitative data: a sense of connection to health-
care services, recognition of shared experiences, ease of
information acquisition, and self-management. These
findings suggest that CAMA+° demonstrates acceptable
feasibility and usability in the healthcare management
and treatment process for cancer survivors, warranting a
more rigorous and detailed study.

Interventions

Participants of the intervention group will be pro-
vided with an app developed by the authors of the study
called “Cancer Manager Plus (CAMA+)° (HuDIT, Seoul,
Korea)” This digital app is designed to be customizable
to each user, providing relevant information and services
regarding colorectal, lung, breast, and thyroid cancer. It
also provides evidence-based information based on when
the participant was diagnosed with cancer, assists with
mental and physical training for a healthier lifestyle, man-
ages a scheduled program for better health, and matches
the user with other resources related to well-being.

The CAMA+°can be accessed from the patient-side
app and the administrator-side homepage. The patient
app comprises four modules: schedule management,
individually tailored evidence-based medical informa-
tion, a coaching program for the self-promotion of
healthy activities, and matching to well-being—related
resources. The administrator website can control the
digital information database, add and update information
to the patient app, and assist in patient management. The
homepage and app are interlinked, and the patient infor-
mation can only be accessed through the administrator’s
homepage to protect patient privacy (Fig. 2).

The CAMA+°® app is designed based on the Chronic
Care Model (CCM) and the Health Belief Model (HBM)
to enhance self-efficacy, mental adjustment to cancer, and
QOL. By integrating key elements from these models,
CAMA+® aims to support sustained self-management
and health-promoting behaviors among cancer survivors.

CCM is a widely used framework for improving
chronic disease management by strengthening patients’
self-management capabilities and establishing a net-
work of medical, psychological, and social resources [35].
CAMA+° incorporates CCM principles through features,
such as schedule management (clinical information sys-
tem & self-management support), personalized medical
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Fig. 2 Brief overview of “Cancer Manager Plus (CAMA+)®" (A) Patients can see how far they have progressed in the individual care tracks (B) Information
such as the type of cancer, phase of treatment, specific type of cancer, other variables to be considered, and areas of interest were collected (C) Overview
of the daily tasks provided by the application: The patients can check what they are required to do each day and how far they have progressed (D) Vari-
ous educational materials are provided based on the patient’s status and areas of interest (E) The patient’s important medical schedules, such as doctor
visits or medication and test schedules, can be viewed here (F) Coaching for lifestyle modifications and psychological coping is provided based on the

patient’s preferences and lifelog data

information (self-management support & decision-mak-
ing), coaching programs (self-management support),
and connections to well-being resources (community
resources) [36]. These functions enable a comprehensive
support system, empowering patients to take an active
role in managing their health.

HBM explains health-related behaviors by focus-
ing on individuals’ perceptions of health threats, ben-
efits and barriers to action, and self-efficacy [37]. In line
with HBM, CAMA+° reduces perceived health threats
by providing reliable medical information and psycho-
logical coaching [38]. It also motivates behavior change
through schedule management and personalized coach-
ing, helping patients assess symptom severity and engage
in health-promoting behaviors. By addressing barriers
with tailored interventions and resource connections,
CAMA+® encourages sustained behavior change and
enhances self-efficacy.

By integrating CCM’s focus on long-term health system
sustainability and HBM’s emphasis on individual motiva-
tion, CAMA+° provides core modules that enable cancer
survivors to actively manage their health. These features
help reduce uncertainty related to cancer treatment,
foster psychological adaptation, and support lifestyle
modifications. Furthermore, reminders and notifications
serve as continuous cues to action, reinforcing long-term
engagement in health behaviors.

In summary, CAMA+° is a digital health solution that
bridges CCM and HBM principles to empower can-
cer survivors. We propose that utilizing CAMA+° will
enhance self-management capabilities and improve self-
efficacy (Hypothesis 1), facilitate the sustained practice of

health behaviors and psychological adaptation (Hypoth-
esis 2), and provide a valuable health management tool
with a positive user experience (Hypothesis 3). Ulti-
mately, CAMA+° is expected to improve both the mental
and physical well-being of cancer survivors while con-
tributing to a sustainable health management system.

A study evaluating the efficacy of CAMA?®, the prede-
cessor to CAMA+°, in breast cancer survivors revealed
that the experimental group utilizing the app exhibited
improvements in self-efficacy, psychological well-being,
and positive attitudes toward cancer, as well as reductions
in depressed mood and anxiety, compared to the control
group [39]. Additionally, self-efficacy plays a crucial role
in changing and maintaining health-related behaviors,
and enhancing self-management through the improve-
ment of self-efficacy may yield long-term benefits for
patients with chronic diseases [40, 41]. These findings
emphasize the importance of strategies to improve self-
efficacy in mobile interventions for patients with cancer.

The app modules are described as follows:

(1)Module 1: Schedule management.

Module 1 provides cancer survivors with appropri-
ate daily schedules based on when they were diagnosed
with cancer and pop-up alarms for important activities.
Pop-up alarms remind users of their medication regi-
mens, hospital schedules, and daily missions, and provide
important information, educational advice on developing
healthy habits, and motivational support.

Schedule management is a crucial component in pro-
moting self-management and aligns with the clinical
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information system and self-management support ele-
ments of the CCM. The alarm function, an important
part of schedule management, maintains and reinforces
the patient’s behavior by reminding patients of important
activities such as medication adherence and appoint-
ments. Previous studies have demonstrated that the
alarm function improves patient adherence to medica-
tion and enhances exercise performance. Furthermore,
these interventions are effective at increasing self-efficacy
[13, 42].

(2)Module 2: Individually tailored evidence-based
medical information based on an algorithmic
approach.

The digital information database will comprise guidelines
from reputable organizations and evidence-based content
developed by doctors specializing in the relevant boards,
psychologists specializing in psycho-oncology, exercise
experts, and nutritionists. The content will be tailored to
each cancer survivor’s current general health status and
treatment phase (e.g., after diagnosis, before surgery, or
during chemotherapy). This information will also include
a range of topics, including cancer symptoms, treatment,

Table 1 Example coaching programs for self-promotion of
healthy lifestyles

Program Coaching methods
Coaching based QO Session 1: Coping with cancer (Cancer adaptation
on coping test)
strategies for O Session 2: Balancing your thoughts
cancer O Session 3: Relaxing your body (breathing exercises)
O Session 4: Calming the mind (meditation)
O Session 5: Expressing your thoughts
O Session 6: Summary
O Session 7 (Supplementary): Managing distress by
cancer type
The order of each session may differ depending on
the type of cancer adaptation.
Self-manage- O All patients: Coaching based on motivation en-
ment coaching  hancement for lifestyle modification.
based on O Patients with a low level of physical activity:
lifestyles Coaching based on behavioral activation.

O Patients with insomnia: Coaching based on cogni-
tive behavioral methods such as sleep hygiene and
sleep restriction.
O Dietary habits: Suitable dietary guidelines based
on cancer type, general health status or side effects
of treatment.
Rehabilitation
exercise

O Rehabilitation exercise will be assigned at an ap-
propriate level based on cancer type and assessment
of daily physical activity performance.

O Beginner: Range of Motion (ROM)

O Intermediate: Active Assistive ROM (AAROM)

O Advanced: Strengthening and stretching exercises
QO Aerobic exercise

O Rehabilitation training by cancer type (e.g.,
breathing exercises, lymphedema massage, vocal
rehabilitation)
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treatment side effects, management of symptoms, exer-
cise, nutrition, and psychological support. Since the con-
tent will be tailored to the individual’s needs, this will
enhance user immersion in the program, increase app
usage, and reduce the need to separately search for rel-
evant information.

This module encompasses the key components of the
CCM’s decision-making and self-management support,
by giving people access to accurate information. Pro-
viding reliable information to patients enhances their
decision-making capabilities by increasing their health-
related knowledge [43]. Furthermore, it addresses the
perceived benefits and barriers to engaging in health-
promoting behaviors of the HBM by providing content
that meets patients’ needs. For example, in the case of a
patient who has undergone chemotherapy, information
regarding potential side effects and management strate-
gies may be provided. These interventions reduce distress
and improve QOL by alleviating uncertainty regarding
treatment and management [44]. Tailored educational
interventions can also facilitate continuous changes in
patients’ health behaviors and improve self-efficacy in
healthcare management [45, 46].

(3)Module 3: Coaching program for self-promotion of
healthy lifestyles.

A coaching program for lifestyle modifications and men-
tal coping strategies will be provided based on the ques-
tionnaire responses. The lifestyle modification programs
will be based on motivational enhancement and positive
psychological principles (Table 1). They will focus on
forming healthy habits through 16-day programs for each
of the three themes: physical activity/exercise, diet, and
sleep. Programs focused on psychological well-being will
target distress management and comprise six sessions
and one supplementary session. The five types of cancer
adaptation—combative, compliant, repressed, resigned,
and worried—determine the order in which each session
is presented. The sessions will be based on mindfulness
and cognitive behavioral therapy methods and focus on
skill-building to help manage distress and increase adap-
tive coping strategies for cancer. If needed, data on the
cancer survivors’ activity level (number of steps per day),
sleep patterns (bedtime, wake-up time), diet, etc. that
have been collected by the app can be used to provide
more individualized coaching content.

This module is designed to integrate the CCM’s self-
management support by facilitating patient’s improve-
ment in their physical and psychological health through
a systematic coaching program. Patients can address
perceived barriers to and enhance the perceived benefits
of engaging in health-promoting treatment through par-
ticipation in coaching programs. The assessment in this
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module identifies the patient’s cancer adaptation type and
provides information on the appropriate level of exercise,
thereby enabling the patient to recognize health-related
threats. Suitable exercises are provided for each indi-
vidual according to their cancer type and daily physical
activity performance level. All exercises were designed by
experts with a medical degree in rehabilitation medicine
or doctorate in healthcare-related exercise fields, and
were overseen by psychiatrists and oncologists. Psycho-
logical training for distress management encompasses
techniques such as diaphragmatic breathing, meditation,
and cognitive restructuring, based on cognitive behav-
ioral therapy and mindfulness principles. These programs
were designed based on previous studies that have shown
that cognitive behavioral therapy and mindfulness-based
interventions are effective in alleviating depression and
anxiety and enhancing the QOL of cancer survivors [47,
48]. All interventions in this module are built on prior
research that demonstrated that healthy lifestyle habits
influence the physical and psychological health and QOL
of cancer survivors [49-51].

(4) Module 4: Connection to well-being—related
resources.

This module provides information on various service
organizations that can help cancer survivors with lifestyle
changes and overall well-being. The resources consist of
organizations that provide services related to diet, exer-
cise, physical activity, and psychological support. Exam-
ples of resources include exercise centers that can provide
evidence-based exercises for cancer survivors, research
teams or organizations that can provide appropriate diets
based on the type and stage of cancer treatment, coun-
seling centers that have experience working with cancer
survivors, and knowledge of various symptoms.

The connection to well-being-related resources pro-
vides cancer survivors with the opportunity to utilize reli-
able external information and services in the community.
This module extends the continuity of healthcare beyond
the mobile app, creating a more holistic approach to can-
cer management. Moreover, it emphasizes the integrated
aspects of cancer treatment and management, enhances
patient experiences, and motivates individuals to main-
tain health-promoting behaviors [52].

Primary outcome

To assess self-efficacy in patients with cancer, we will
employ the Korean version of the Cancer Survivor Self-
Efficacy Scale [53, 54]. This self-report instrument con-
sists of two subscales covering ten items: the managing
health problems subscale (5 items) and the seeking help
and support subscale (5 items). The respondents will
rate these items on a scale ranging from 1 (not at all
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confident) to 10 (completely confident). The total scores
will be obtained by aggregating the scores for each item,
with higher scores indicating higher self-efficacy. In a
previous study, Cronbach’s « for the original tool and the
Korean version was 0.92 [54].

Secondary outcome

The Korean Mini-Mental Adjustment to Cancer Scale
(K-Mini-MAC) will be used to evaluate psychological
responses to cancer [55]. The reliability of this tool for
assessing coping methods related to cancer is well docu-
mented [56].

Tertiary outcomes

Tertiary outcomes will include various patient-reported
outcomes (PRO), medical service utilization, physi-
cal state, and laboratory findings. PRO will be evalu-
ated using various self-reported scales to assess physical
health, psychological state, and QOL, among other out-
comes. QOL will be measured using the EuroQol-5D
(EQ-5D), which evaluates quality of life using five ques-
tions [57]. Although it is a short form questionnaire, it is
an effective way to predict QOL in the Korean population
[58]. The Memorial Symptom Assessment Scale-Short
Form (MSAS-SF) will also be used; it is a self-report
scale used to evaluate pain during the past week based
on 28 physical and 4 psychological symptoms [59]. The
Korean MSAS-SF comprises three subscales: the physical
symptom distress score, psychological symptom distress
score, and global distress index. The psychological state
will be assessed using various scales. Depression will be
measured using the Patient Health Questionnaire-9 [60],
while anxiety will be measured using the Generalized
Anxiety Disorder-7 (GAD-7) [61]. Both tools are widely
used and have been validated in the Korean population
[62, 63]. The Distress Thermometer (DT) was chosen to
evaluate distress because of its wide utility [64]. Treat-
ment satisfaction will also be evaluated on a five-point
scale, with 5 denoting “most satisfied”

Medical service utilization will be evaluated based on
factors such as medical costs, the number of unplanned
outpatient ward visits, and emergency room visits. Treat-
ment adherence will be assessed using both medication
and outpatient visit adherence. Medication adherence
will be checked by counting pills, whereas outpatient
visit adherence will be based on whether the patient vis-
ited their scheduled outpatient ward within a one-week
window. Test adherence will also be evaluated by check-
ing whether the patient correctly participated in cancer-
related and other scheduled tests.

Patients’ physical state will be assessed using the body
mass index, skeletal muscle mass, blood pressure, and
pulse rate. Laboratory findings will include tumor mark-
ers/genes, serum glucose, lipid panel, liver function test,



Hwang et al. BMC Public Health (2026) 26:23

serum creatinine, estimated glomerular filtration rate,
blood urea nitrogen, and complete blood count.

Lifelog data, which can be collected via smartphone or
input directly via the CAMA+° program, will also be eval-
uated. These data will include activity level (steps), sleep
patterns (bedtime, wake-up time), diet, content usage
time and frequency, related content, and search terms.
The severity of side effects will be evaluated using the
Common Terminology Criteria for Adverse Events ver-
sion 5.0 [65] and the performance of everyday activities
will be measured using the Eastern Cooperative Oncol-
ogy Group Performance Status Scale [66]. Changes in
lifestyle after the intervention will be assessed using the
Global Physical Activity Questionnaire, which contains
questions on daily activities such as time spent walking
or sitting and the intensity of workouts [67]. Diet will be
evaluated using the food diary maintained by patients,
where they will be asked to write about what, when,
and how much they ate during the past week. They will
be asked to record food-related data for three days (two
weekdays and one day on a weekend). Finally, service
satisfaction will be evaluated using a survey developed
by the Korean Cancer Survivor Healthcare Research and
Development Project of the Korean National Cancer
Center (KOCAS). The survey consists of five questions:
one required and four optional, selected by the research-
ers. The optional questions covered convenience, per-
ceived usefulness, willingness to use, and willingness to
recommend. Table 2 presents the detailed summary table
of all outcomes that will be evaluated and when the data
will be acquired.

Sample size and recruitment methods

The minimum required sample size was calculated
using G*Power 3.1.9.7 (Faul, Universitdt Kiel). Using the
mixed model analysis of variance method (ANOVA), a
sample size of 38 participants was determined based on
the effect size from a prior study evaluating the impact
of digital interventions on self-efficacy of patients with
cancer [68, 69], with a significance level of 0.05, power
of 0.85, and an effect size of 0.25 (moderate). Assuming a
20-25% dropout rate, we aim to recruit 200 participants,
50 for each of the four types of cancer (colorectal cancer,
lung cancer, breast cancer, and thyroid cancer).

Adherence assessment methods and criteria for the app

Adherence to the app intervention will be monitored and
evaluated using specific usage metrics during the 8-week
study period. Participants in the intervention group will
be required to use the CAMA +° digital healthcare service
in addition to receiving standard cancer care. Adherence
will be assessed every two weeks through the adminis-
trator system by monitoring module utilization, with a
particular focus on progress in viewing evidence-based

Page 8 of 13

medical information tailored to the patient (Module 2)
and completing the coaching programs related to healthy
lifestyle behaviors—such as exercise, dietary habits, and
sleep hygiene, as well as psychological coping (Module 3).
All participants will be required to complete at least one
coaching session in Module 3. Phone reminders will be
provided by researchers if the average content progress in
Module 2 is <50% or if none of the coaching programs
in Module 3 have been initiated during the biweekly
monitoring period. Participants will be classified as non-
adherent and dropped out if the average content progress
in Module 2 remains <30% over the 8-week study period
or if none of the coaching programs in Module 3 are
completed. These measures are designed to ensure con-
sistent monitoring of adherence, provide proactive sup-
port to encourage participation and minimize dropout
rates.

Data collection and management methods

Qualified members of the research team will perform
data collection. Researchers who collect data will have
training in psychology, social welfare, nursing, or psy-
chiatry, and have experience with patients with cancer.
Data will be managed using the KOCAS ecosystem, an
electronic system developed using government funds,
designed to support multicenter clinical trials and data
management. It is designed to support the entire research
process, from electronic consent acquisition to clinical
data collection, management, and analysis. Moreover, it
has been developed in a public cloud environment that
offers robust security services.

Statistical methods

A mixed model ANOVA will be performed using IBM
SPSS Statistics to compare changes in the outcome mea-
sures between baseline and post-assessment. The sta-
tistical analysis will assess the effectiveness of the app
by checking whether the difference between pre- and
post-utilization values is statistically significant. For con-
tinuous data, values that deviate abnormally from the
distribution will be defined as outliers and excluded from
the analysis. A per-protocol analysis, which excludes
dropouts and analyzes only patients who completed the
study according to the protocol, will be conducted. When
comparing the mean change of each outcome from base-
line to eight weeks after intervention, a p-value of 0.05
will be considered statistically significant.

Discussion

With advancements in technology, digital health inter-
ventions utilizing software and mobile apps have
emerged as pivotal tools in modern patient care. The offi-
cial approval by government bodies of select digital ther-
apeutics as medical treatments has significantly elevated
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Table 2. Study schedule and methods to evaluate outcomes
STUDY PERIOD

Post-
Enrolment | Allocation | allocation
(Screening) | (Baseline) (Close

out)
t
TIMEPOINT** -t 0 (8 weeks
+ 1 week)
ENROLMENT
Eligibility screen X
Informed consent X
Allocation X
INTERVENTIONS
[Intervention group] —p
[Control group] —
ASSESSMENTS
Basic | Demographic information X

Self-Efficacy (CS-SES-K)
Adjustment to cancer (K-Mini-
MAC)
Physical and psychological
symptoms (MSAS-SF)
Health-related quality of life (EQ-
5D)
Distress (Distress Thermometer)
Depression (PHQ-9)
Anxiety (GAD-7)
Survey on lifestyle habits
Patient- | (smoking, drinking)

Reported | Physical activity (GPAQ)
Outcome | Dietary survey
Overall treatment satisfaction
Treatment adherence
(Medication/medical visit)
Test adherence

Medical | (Cancer-related/scheduled)

Service | Medical costs
Utilization | Unplanned medical visits
Physical measurements
(weight, BMI, SMM, etc.)
Blood pressure/Pulse
Physical | Laboratory findings
State | (tumor markers/genes)

Clinical data

. X
(cancer type, staging, etc.)
Comorbidities/medical history X
Medication history X
Adverse drug
events/postoperative

complications (CTCAEs)
Performance level (ECOG PSS)
Lifelog data”

Satisfaction with CAMA+® app
Others | services

T ot B T e oo BT B ol I Fo ol B B B o] P e B e P o B I I P e
b ot B T el ool B e ol B T oot B B B o] P oo B o P o B I e P

o

CS-SES-K Korean version of the Cancer Survivor Self-Efficacy Scale, K-Mini-MAC Korea Mini-Mental Adjustment to Cancer Scale, MSAS-SF Memorial Symptom
Assessment Scale - Short Form, EQ-5D EuroQol-5D, PHQ-9 Patient Health Questionnaire-9, GAD-7 Generalized Anxiety Disorder-7, GPAQ Global Physical Activity
Questionnaire, BMI Body mass index, SMM Skeletal muscle mass, CTCAE Common Terminology Criteria for Adverse Events, ECOG PSS Eastern Cooperative Oncology
Group Performance Status Scale. *Lifelog data: Data such as activity level (steps), sleep patterns (bedtime, wake-up time), diet, content usage time and frequency,
related content, and search terms that can be inputted directly through the CAMA+° app or by other smart devices
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the potential of digital health [70]. This progress extends
to the field of oncology, in which various digital solutions
have been developed to support patients with cancer and
improve treatment outcomes [71]. For example, online
self-management programs have shown effectiveness in
reducing immediate distress among patients with early-
stage breast cancer [72]. Similarly, mobile game-based
approaches have improved self-management and QOL
in patients with breast cancer undergoing chemotherapy
[73]. Studies involving patients with head and neck can-
cers have demonstrated improved communication and
outcomes through PRO apps [74], while telehealth-based
interventions have yielded comparable results [75]. Addi-
tional programs have improved post-operative symptom
management [76], addressed treatment-related events
more effectively [47], and enhanced care for chemother-
apy-related symptoms [77, 78].

Despite these advances, most digital health services for
cancer treatment focus on specific cancer types or lim-
ited treatment phases, such as chemotherapy or post-
operative management. CAMA+° seeks to address these
limitations by providing continuous support for patients
with cancer across their survivorship journey—from
diagnosis to long-term care. The app personalizes the
delivery of evidence-based digital information to meet
the needs of patients with cancer for high-quality, timely
information [79]. Additionally, it stores patient-specific
digital data, which could be used to develop machine-
learning algorithms in the future, further advancing its
precision and utility.

The CAMA+® app is designed based on CCM and
HBM and is expected to enhance self-efficacy, men-
tal adjustment to cancer, and QOL [36, 38]. CAMA+°
expands upon the prior CAMA"® for patients with breast
cancer by incorporating additional modules that support
lifestyle modification and psychological adaptation, thus
extending its scope to include a broader range of patients
with cancer. These enhancements are designed to pro-
mote healthy lifestyles and coping strategies, improve
health-related QOL, boost physical and mental health,
and increase treatment adherence. Ultimately, these
benefits are expected to lead to better long-term disease
outcomes [23, 27, 80]. Furthermore, it is anticipated that
CAMA+® will reduce psychological distress, depression,
and anxiety among cancer survivors, providing substan-
tial emotional and psychological support throughout
their cancer journey.

This study, while adopting a randomized controlled
trial (RCT) design, also carries the characteristics of a
more rigorous feasibility study. Feasibility studies are
inherently exploratory, aiming to assess usability, accept-
ability, and preliminary effects [81]. Their primary pur-
pose is to provide foundational data and insights to
inform the design and implementation of larger, more
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definitive studies [82]. Consistent with this objective, this
study will focus on evaluating the practicality and initial
impact of the app, rather than drawing definitive conclu-
sions. As a feasibility study, this study includes multiple
outcome variables to explore meaningful ones for future
research. Specifically, based on previous findings [21-
23, 27], self-efficacy has been designated as the primary
endpoint, with additional outcome variables broadly
included. However, it may be challenging to achieve sta-
tistical significance across all variables or to predefine
all analytical methods due to the exploratory nature and
limited sample size. Nonetheless, the findings of this
study will provide valuable preliminary evidence in eval-
uating the app’s potential utility and impact.

The insights gained from this study are expected to
significantly contribute to refining the implementation
strategies of the app, particularly regarding its effects
on self-efficacy. Additionally, these findings will guide
the design of future large-scale RCTs, with a larger
sample size and pre-specified hypotheses to address the
exploratory limitations identified in this study. By iden-
tifying key outcome variables and potential barriers,
this research establishes a critical foundation for rigor-
ously evaluating the efficacy and broader applicability of
the CAMA+° app as a comprehensive, evidence-based,
patient-centric digital solution aimed at transforming
cancer care.
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