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Abstract

Background: Patients with gastric cancer often encounter impaired quality of life and reduced tolerability to adjuvant treat-
ments after surgery. Weight preservation is crucial for the overall prognosis of these patients, and exercise and supplemental
nutrition play the main role. This study is the first randomized clinical trial to apply personalized, treatment stage-adjusted
digital intervention with wearable devices in gastric cancer rehabilitation intervention for 12 months, commencing immedi-
ately after surgery.

Methods: This is a prospective, multicenter, two-armed, randomized controlled trial and aims to recruit 324 patients
from two hospitals. Patients will be randomly allocated to two groups for 1 year of rehabilitation, starting immediately
after the operation: a personalized digital therapeutic (intervention) group and a conventional education-based
rehabilitation (control) group. The primary objective is to clarify the effect of mobile applications and wearable
smart bands in reducing weight loss in patients with gastric cancer. The secondary outcomes are quality of life mea-
sured by the EORTC-QLQ-C30 and STO22; nutritional status by mini nutrition assessment; physical fitness level measured
by grip strength test, 30-s chair stand test and 2-min walk test; physical activity measured by IPAQ-SF; pain intensity;
skeletal muscle mass; and fat mass. These measurements will be performed on enrollment and at 1, 3, 6, and 12
months thereafter.

Conclusions: Digital therapeutic programs include exercise and nutritional interventions modified by age, body mass index,
surgery type and postoperative days. Thus, expert intervention is pivotal for precise and safe calibration of this program.

Trial registration: Clinicaltrials.gov identifier: NCT04907591 (registration date: June 11, 2020; https://clinicaltrials.gov/ct2/
show/NCT04907591).
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Introduction
Patients with gastric cancer often become malnourished or
sarcopenic during the cancer care continuum after surgery.
Most patients have deteriorated quality of life and progno-
sis, including long-term oncological outcomes and reduced
tolerability of adjuvant treatment.1,2 Preserving weight is
known to be one of the most fundamental factors preventing
postoperative complications and improving quality of life
and cancer-specific survival.3

Previous studies have shown that exercise and nutri-
tional interventions are essential for maintaining weight
and reducing postoperative impairments in patients with
gastric cancer undergoing elective surgery. Sarcopenia is
diagnosed in ∼21.2% of patients over 65 years of age
with gastric cancer who undergo gastrectomy.4 Previous
studies have shown that exercise and nutritional support
programs have the potential to reduce sarcopenia and
improve postoperative outcomes in elderly patients with
gastric cancer.5 In contrast, two randomized controlled
studies showed that elemental diet intervention significantly
suppressed body weight loss, especially in patients with
gastric cancer who underwent total gastrectomy,6 and a
positive effect was observed not only at 6–8 weeks post-
operatively but also at 1 year postoperatively.7 Thus, a com-
prehensive approach, including exercise and dietary
intervention, is crucial for patients with gastric cancer
who undergo gastrectomy.

Cancer survivors rarely use tools to report postoperative
issues, such as pain, fatigue, and distress.8 Many patients do
not have adequate access routes to receive sufficient and
precise information applicable to their exercise and
dietary plan.9 Hence, a comprehensive, easy-to-access plat-
form for managing functional status and nutrition has been
highlighted recently, as their alterations may influence the
prognosis of the disease.10

Digital therapeutics with wearable devices have emerged as
a useful tool for managing the clinical course of cancer and
improving the quality of life and physical performance of
cancer survivors. However, most previous studies on mobile
health applications focused on limited interventions, such as
health programs only applied during chemotherapy or
dealing mainly with only psychological or nutrition-related
issues.11,12 To the best of our knowledge, no randomized clin-
ical trial has applied personalized, treatment stage-adjusted
digital health program to many patients with gastric cancer,

especially starting immediately after the operation for a long
period of time. This will be the first randomized clinical trial
to perform personalized rehabilitation and dietary intervention
with a mobile health program, flexibly modified according to
the treatment phase and patient’s condition, in a large number
of patients with gastric cancer, starting within 1 week post-
operatively. Digital therapeutic programs include exercise
and nutritional support adjusted for age, body mass index
(BMI), surgery type and postoperative days. Since aerobic
and muscle strengthening exercises are adjusted by patient
status as well as the onset of the operation, expert administra-
tion is pivotal for a fine-tuned personalized rehabilitation
program. The primary objective of this protocol is to clarify
the effect of mobile apps and wearable smart bands in prevent-
ing weight loss in patients with gastric cancer. The secondary
outcomes were improvement in quality of life, enhanced phys-
ical fitness level, increased physical activity, and reduced pain
intensity, muscle mass, and fat mass.

Methods and design

Study design

This is a prospective, multicenter, open, two-armed,
randomized controlled trial. The trial protocol followed
the Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT) statement. Supplemental
Appendix 1 illustrates the checklist. Participants will be
recruited from two university hospitals in South Korea
(Samsung Medical Center and Korea University Anam
Hospital). The enrolled participants will be randomly
allocated to either the digital therapeutic or control
group. Both groups will receive the standard care and
conventional education on diet management, as well as
training on preventing dumping syndrome while empha-
sizing the importance of muscle mass and weight main-
tenance. A flowchart of the study protocol is shown in
Figure 1. The findings of this study are presented in con-
cordance with the Consolidated Standards of Reporting
Trials (CONSORT) checklist.

Participants

In this study, we will enroll 324 participants diagnosed with
gastric cancer who underwent surgery. The inclusion criteria
will be as follows: (a) aged 19–75 years, (b) underwent
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curative resection for gastric cancer as American Joint
Committee on Cancer (AJCC) gastric cancer staging I–III,
(c) use of an Android- or iOS-based smartphone, (d) able to
use a mobile application and have regular follow-up assess-
ment as outpatients, and (e) voluntary participation. The
exclusion criteria will be as follows: (a) inability to perform
exercise and diet management because of a severe underlying
disease, neuromusculoskeletal disease, or cognitive or visual
impairment, and (b) communication difficulties.

After consultation with the Department of Surgery and
the Department of Rehabilitation Medicine to invite them
to participate in the study, all eligible patients will be
informed about the study procedures following surgery,
and written informed consent will be obtained from all par-
ticipants if they agree to participate voluntarily in the study.

Randomization, allocation, and blinding

Enrolled participants will be randomly assigned to either
the digital therapeutic or control group in a 2:1 ratio using

blocked randomization with randomly selected block
sizes of three and six. There will be no blinding in the
open study because the participant and evaluator will
know which type of intervention has been applied to the
participant. After randomly allocating patients to one of
the two groups, a baseline assessment will be performed.

Interventions

Personalized digital therapeutic (intervention) group. For the
personalized digital therapeutic group, gastric cancer by a
second doctor program (Medi Plus Solution, Seoul,
Korea) for health management after gastric cancer surgery
and DoFit as a smart band on the wrist (NF-B20, Medi
Plus Solution, Seoul, South Korea) will be offered. The
expert team developed the app used on both Android and
iOS platforms and fundamental content based on the evi-
dence of app developers, designers, service programmers,
cancer rehabilitation specialists, and researchers involved.
The smart band measures the physical activity (step

Figure 1. Flowchart of the study protocol.
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counts and energy expenditure) and heart rate through a
built-in six-axis accelerometer, gyroscope, and photo-
plethysmography sensor, and via Bluetooth communica-
tion, collected data is transferred to the app. Additionally,
diverse smart devices, such as blood pressure gauges,
glucose monitors, and scales, can be connected to the
app. In the trial, the participants in the intervention group
will be encouraged to use smart bands as much as possible.
Other smart devices can be used at any time depending on
the participants’ needs and preferences.

The main app functions are listed in Table 1, and screen-
shots of the representative functions are shown in Figure 2.
User information for the algorithms of personalized content
includes surgery type (total/subtotal gastrectomy), treat-
ment type (chemotherapy), initial weight, age, perceived
rating of exertion and comorbid diseases (hypertension, dia-
betes mellitus and hyperlipidemia). For a more personalized
approach, the contents and goals of exercise management
will be provided at each time point after surgery and modi-
fied by the type of treatment (chemotherapy). For example,

if a patient starts chemotherapy, an exercise program is pro-
vided to manage the physical condition and maintain more
than minimal physical activity. The target of performance
time and heart rate in aerobic exercise and the intensity of
muscle strengthening exercise program are lower for
patients on chemotherapy than for those who did not
receive chemotherapy. When patients are on chemotherapy,
the prescribed exercises will be of a low-level intensity. In
patients with completed chemotherapy or without chemo-
therapy, targets will be adjusted based on comorbidity
(hypertension) and the user’s subjective rating of perceived
exertion. Starting from a low level, the intensity of exercise
will gradually progress to moderate and high levels. The
target exercise duration and heart rate for aerobic exercises
will be gradually increased.

In dietary management, initially recommended calories
will be calculated by the standard weight, and then will
undergo personalized modification according to the
surgery type, BMI change, age, and comorbidities. After
the primary analysis using this user information, an initial

Table 1. Functions of the mobile app and key characteristics.

Functions Key characteristics

Expert consultation • It provides expert consultations regarding exercise and nutrition using text messages, voice
recordings and images. It does not apply to consultations on symptoms. User can receive the result
of consultation within 24 h.

• Experts consisted of dieticians and exercise physiologists.

Second doctor journal • It offers health information and education contents regarding exercise, nutrition, and disease
according to the surgery, treatment type, and comorbidities.

Exercise management • It offers an aerobic exercise program with target heart rate and exercise time according to the user’s
treatment type (chemotherapy).

• In addition, using a weekly step-by-step approach, the exercise program with video clips is
provided by combination of stretching and muscle strengthening exercises. Also, the level of
exercise program is adjusted by rating the perceived exertion after the exercise.

Diet management • If a user inputs their daily diet using speech recognition and text input functions, it provides
feedback of the intake, food balance, and protein and fat, with the marking as insufficient,
adequate, or excessive.

• The weight information entered at the time of membership registration becomes the standard for
the initial recommended calorie intake. Recommended calorie is adjusted by surgery type (total/
subtotal gastrectomy), age, and BMI.

• It simply recommends foods and its amount for breakfast, lunch, dinner and snacks. Moreover, it
recommends nutritional intake according to comorbid diseases from the 13th week.

Self-symptom tracking • User can input the symptoms after eating to check the presence of dumping syndrome for every
week. It is converted into a score, and changes over time can be tracked.

Physical activity management • It recommends the target stepping intensity (e.g. at least 5000 steps). Heart rate is monitored, and
calories burned in a day are calculated. The number of steps taken based on the step type through
physical activities, heart rate, and calories burned is displayed.

Comorbidity and weight
management

• It indicates target blood pressure and blood glucose level based on the clinical practice guidelines.
• It informs the user whether their weight is within the normal weight range.
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tailored guide will be provided, and the subsequent guide
will be updated by analyzing the lifelog data collected
from the individual. The individual usage and all lifelog
data of participants can be monitored by clinical research
coordinators, including nurses, physiotherapists, and occu-
pational therapists, using a web-based open architecture
management program. To manage adherence to the tailored
digital therapeutic intervention, researchers will monitor the
app usage rate every 2 weeks for 12 months and provide
feedback to the participants during the initial 3 months.
This monitoring period will focuse on postoperative recov-
ery and the initial period of treatment. Based on previous
research experience, adherence to self-management using
a mobile application is expected to decrease after the start
of adjuvant treatment in patients with postoperative breast
cancer,13 considering the limited resources of human
support.

Education (usual care). This group will receive regular diet
management and dumping syndrome prevention training
from the hospital.

Outcomes

Outcome measures will be evaluated by a clinical research
coordinator face to face when patients visit the hospital, and
a summary of baseline screening, assessment and follow-up
during study visits is indicated in Table 2.

Primary outcomes. The primary objective is to investigate
the effect of personalized digital therapy in the management

of factors affecting the prognosis of patients with gastric
cancer. Therefore, the primary outcome is weight change
in the intervention group compared with the control group
at 12 months from baseline, as measured by the bioimpe-
dance analysis machine.

Secondary outcomes. The secondary outcomes of the study
protocol are quality of life, cancer-specific symptoms and
function, physical activity, nutritional status, physical
fitness, and pain intensity over time. Health-related
quality of life will be assessed using the European
Organization for Research and Treatment of Cancer
Quality of Life Questionnaire (EORTC-QLQ-C30 and
STO22). The EORTC-QLQ-C30 consists of 30 items,
including functional, symptomatic and global quality of
life domains. A high EORTC-QLQ-C30 score indicates
good quality of life. The EORTC-QLQ-STO22 is a
gastric cancer-specific questionnaire. It consists of 22
items and symptom domains related to gastric cancer.14,15

The nutritional status will be measured using the long
form of the Korean Mini Nutritional Assessment (MNA),
which is internationally used among patients with
cancer16 and found as a potential prognostic factor for not
only treatment and health-related quality of life but also
mortality, survival, and cancer progression.17 A total
score of <17 points indicates malnutrition, 17–23.5 points
indicates a risk of malnutrition, and 24–30 points is
within the normal range.18 The International Physical
Activity Questionnaire-Short Form (IPAQ-SF) will be
used to evaluate self-reported physical activity in the last
7 days.19 Pain intensity will be evaluated using an

Figure 2. Screenshots of the representative function and smart band: (A) home (today’s to-do list and self-symptom tracking), (B) second
doctor journal, (C) diet management, (D) weight management, (E) exercise management, (F) exercise video, and (G) DoFit.
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Table 2. Summary of baseline screening, assessment and follow-up during study visits.

Study Period

Post-allocation

Timepoint
Post op
(+1 w)

1 month
(±2 w)

3 months
(±1 m)

6 months
(±2 m)

12 months
(±2 m)

Enrollment:

1 Eligibility screen X

2 Informed consent X

3 Allocation X

4 Demographic characteristics X

5 Medical history X

6 Health lifestyle X

7 eHealth Literacy Scalea X

Interventions:

Personalized digital therapeutic
(intervention) group

Control group

Assessments:

8 Complication X X X X

9 Hb, albumin Xb X X

10 Height and weight X X X X X

11 Body composition X X X X X

12 Mini Nutritional Assessment X X X X X

13 IPAQ-SF X X X X X

14 EORTC-QLQ-C30 X X X X X

15 EORTC-QLQ-STO22 X X X X

16 Numeric rating scale X X X X X

17 Grip strength X X X X X

18 30-s chair stand test X X X X

(continued)
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11-point numeric rating scale for the past week, with 0 “no
pain” and 10 “the worst possible pain.” Participants are
asked about their average and worst perceived pain inten-
sity.20 The grip strength test,21 30-s chair stand test
(30CST)22,23 and 2-min walk test (2MWT)24 will be used
to measure strength generated by the forearm muscle,
strength and endurance of the lower extremity and cardio-
respiratory endurance, respectively. Grip strength of the
dominant hand is assessed using a handheld dynamometer
(microFET® digital HandGRIP dynamometer, Hoggan
Scientific LLC, USA). All assessments of physical fitness
will be performed according to standardized measurement
methods.

The eHealth literacy of the intervention group will only
be measured at baseline using the eHealth Literacy Scale
(eHEALS), which consists of 10 items, and eight questions
assess eHealth literacy on a 5-point Likert scale, with a
higher score indicating higher literacy.25 Additionally, the
intervention group will complete a self-developed question-
naire on satisfaction with the mobile app and smart band
after 6 months.

Sample size calculation

Using G-Power 3.1.9.2., the sample size was estimated at
195 for intervention group and 97 for control group with
effect size of 0.35 (moderate level), an alpha level of 5%,
and 80% of power based on a previous study.26 The attrition
rate of mobile-based intervention varied with the study
design. With an expected dropout rate of 10%, there were
a total of 324 participants (216 in the intervention group
and 108 in the control group). (Note: approximately
6.39% of the participants dropped out for reasons other
than changes in physical condition from our 12-week valid-
ation study involving 203 patients with advanced gastro-
intestinal cancer.)27 Competitive participant enrollment
will be conducted to achieve the target sample size.

Data management

Electronic data capture by Medicallogic Company (www.
medicallogic.com) will be utilized for systematic and safe
data management, and only permitted researchers can
access the web-based platform. All data for individual par-
ticipants will be completed in an electronic case report form
(eCRF) and will be uploaded from the source documents
into an eCRF by the involved researchers.

Statistical analysis

All statistical analyses will be conducted using IBM SPSS
Statistics version 28.0.1 (Armonk, New York, USA) and a
P-value <0.05, with a 95% confidence interval. The
Kolmogorov–Smirnov test will be performed to assess the
normality of the data. Student’s t-test and chi-square test
will be performed to examine the homogeneity of the base-
lines between the two groups. If randomization is not
balanced, the baseline difference will be corrected using a
multivariate logistic regression. To compare the mean dif-
ference, the primary outcome (weight) data in both
groups will be analyzed using the independent t-test or
Mann−Whitney test, depending on the normality of the
data. To investigate the effects of the interventions and dif-
ferences between groups on secondary outcomes, a mixed
effects model or generalized estimating equations will be
conducted, with one between-subject factor (group) and
one within-subject factor (time). Missing data will be
handled depending on the distribution of data after the
study is completed.

Participant safety and withdrawal

The potential risk level that could be caused by this study
was determined as the minimal level, based on a review
of the institutional review board and principal investigator.

Table 2. Continued.

Study Period

Post-allocation

Timepoint
Post op
(+1 w)

1 month
(±2 w)

3 months
(±1 m)

6 months
(±2 m)

12 months
(±2 m)

19 2-min walk test X X X X

20 Satisfaction questionnairea Xc

IPAQ-SF: International Physical Activity Questionnaire-Short Form; EORTC-QLQ: European Organization for Research and Treatment of Cancer Quality of Life
Questionnaire.
aPersonalized digital therapeutic (intervention) group only.
bTests analyzed within 6 months from the baseline can be collected.
cUsed it more than 3 times a week at least once.
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During the study, all participants could call researchers and
ask for help with study-related problems at any time. If they
have unbearable pain or injury, they can be examined by the
principal investigator. Depending on the cases, such as sig-
nificant disease or not following the instruction of the
doctor in charge, participants can be withdrawn and they
can discontinue the study voluntarily.

Ethics and dissemination

All study procedures were approved by the institutional
review boards of the two hospitals (approval numbers:
SMC-2021-01-090 and 2021AN0104). The trial was regis-
tered at clinical trials.gov (approval ID: NCT04907591).
The study protocol was reviewed by the institutional
review board of Samsung Medical Center on 1 February
2021 and was approved on 23 February 2021, as the ori-
ginal protocol. If major protocol modifications are required,
the principal investigator will deliver them to the coordinat-
ing investigators and study participants and report them to
the institutional review board. The collected data will be
stored for 3 years after the end of the study and then
destroyed.

Discussion
Home-based exercises are expected to play a critical role in
cancer rehabilitation. The program should have clear goals
and include monitoring, follow-up visits, calls from health
professionals, or self-monitoring diaries.28 Digital rehabili-
tation can increase exercise adherence for musculoskeletal
rehabilitation compared to non-digital rehabilitation.29

Therefore, the role of digital therapeutics has become
more fundamental in overcoming the limitations of trad-
itional outpatient rehabilitation and non-guided home-based
exercise. However, in most previous studies, digital health
interventions were only applied during adjuvant therapy or
focused on psychological or nutrition-related issues.11,12

Offering one-of-a-kind content to patients is inefficient
because patient status varies according to diverse factors
such as age, BMI, operation method, onset from the oper-
ation, and adjuvant therapeutic phases. Moreover, most of
the previous studies enrolled a small number of patients
and were not sufficient to apply to the general popula-
tion.5,7,30 To the best of our knowledge, no study has
applied a personalized exercise program according to the
treatment stage or different dietary interventions according
to the type of gastrectomy, especially starting immediately
after the operation for 12 months.

To date, there has been no custom-made home-based
exercise program for the participation of patients with
gastric cancer after surgery or during adjuvant chemother-
apy using a mobile app. Thus, the development of
comprehensive personalized digital therapeutics with
easy-to-access mobile apps that manage hardships in

every postoperative phase, triggering dietary intake with
enhanced physical activity starting immediately after the
operation, is in demand.

This proposed study will have several strengths. This is a
randomized controlled study with many patients with
gastric cancer intervening for 12 months immediately
after the operation. Furthermore, primary tailored digital
health intervention will be modified according to the treat-
ment phase and patient’s medical information. In particular,
exercise and nutritional support will be readjusted accord-
ing to the patient’s health status (comorbidity), lifelog
data, and adjuvant therapy. Moreover, the target dietary
intake would differ according to the type of surgery, consid-
ering that subtotal gastrectomy has an advantage over com-
pletion gastrectomy in terms of postoperative nutritional
status.31 For these reasons, expert intervention is fundamen-
tal to our tailored rehabilitation program. Finally, similar to
other mobile health programs, reduction in financial and
time burdens to patients and clinicians may cautiously be
anticipated considering the conditions in Korea.32

However, this study may have several limitations. First,
this digital therapy may be daunting for patients who are
unfamiliar with digital devices. Nevertheless, as the
mobile industry expands and more user-friendly technolo-
gies are developed, this will gradually improve. Second,
participants will be recruited from a single monoracial
country. Therefore, global generalization may not be accur-
ate. In future research, we hope to recruit samples that can
incorporate the characteristics of each race. Third, both the
intervention and control groups will have knowledge of
which group they have been assigned to, potentially
leading to bias. Despite these limitations, this study has
potential to provide compelling evidence to develop
similar digital health approaches for patients with cancer.

Conclusion
This study will clarify the effects of patient-centered digital
therapeutics on gastric cancer rehabilitation. It will serve as
a cornerstone for future digital therapeutics and telerehabil-
itation using hardware (Internet of Things) and software
(monitoring platform), concentrating on personalized
medicine.
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