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Abstract

Background Colorectal cancer survivors often experience decline in physical performance and poor quality of life
after surgery and during adjuvant therapies. In these patients, preserving skeletal muscle mass and high-quality
nourishment are essential to reduce postoperative complications and improve quality of life and cancer-specific
survival. Digital therapeutics have emerged as an encouraging tool for cancer survivors. However, to the best of our
knowledge, randomized clinical trials applying personalized mobile application and smart bands as a supportive tool
to several colorectal patients remain to be conducted, intervening immediately after the surgical treatment.

Methods This study is a prospective, multi-center, single-blinded, two-armed, randomized controlled trial. The study
aims to recruit 324 patients from three hospitals. Patients will be randomly allocated to two groups for one year of
rehabilitation, starting immediately after the operation: a digital healthcare system rehabilitation (intervention) group
and a conventional education-based rehabilitation (control) group. The primary objective of this protocol is to clarify
the effect of digital healthcare system rehabilitation on skeletal muscle mass increment in patients with colorectal
cancer. The secondary outcomes would be the improvement in quality of life measured by EORTC QLQ C30 and CR29,
enhanced physical fitness level measured by grip strength test, 30-sec chair stand test and 2-min walk test, increased
physical activity measured by IPAQ-SF, alleviated pain intensity, decreased severity of the LARS, weight, and fat mass.
These measurements will be held on enrollment and at 1, 3, 6 and 12 months thereafter.

Discussion This study will compare the effect of personalized treatment stage-adjusted digital health interventions
on immediate postoperative rehabilitation with that of conventional education-based rehabilitation in patients with
colorectal cancer. This will be the first randomized clinical trial performing immediate postoperative rehabilitation in a
large number of patients with colorectal cancer with a tailored digital health intervention, modified according to the
treatment phase and patient condition. The study will add foundations for the application of comprehensive digital
healthcare programs focusing on individuality in postoperative rehabilitation of patients with cancer.
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Background

Colorectal cancer is the third and second most common
cancer worldwide in men and women, respectively [1].
Colorectal cancer survivors often suffer from decline in
physical performance and mental health, psychological
distress, and difficulty in returning to society after sur-
gery and during adjuvant therapies. For example, 80-90%
of individuals who undergo sphincter-preserving sur-
gery experience lower anterior resection syndrome [1,
2]. Patients experience difficulties not only in the active
treatment phase but also in expanded phases even after
the completion of cancer treatment. Thus, physical fit-
ness, quality of life, and social issues of colorectal patients
should be addressed from both immediate and long-term
perspectives. To be more specific, clinicians should be
aware of the hardships the patients confront according to
the characteristics of therapeutic phases and individual-
ity of each patient for comprehensive management of the
disease.

Health behaviors, such as physical activity and nutri-
tion, can have positive effects on physical functioning,
quality of life, and symptoms related to cancer treat-
ment, such as fatigue among cancer survivors [3]. In fact,
low muscle mass is frequently observed in patients with
colorectal cancer, ranging between 12 and 60% [4]. It
serves as a predictor of postoperative complications, che-
motherapy toxicity, reduced quality of life, and decreased
overall survival [4]. Previous studies have reported that
exercise has the potential to reverse severe muscle loss
in patients with cancer [5]. Furthermore, nutritional sup-
port such as adequate dietary intake and high protein is
reported to contribute to muscle mass preservation [4].
Hence, a multimodal approach including nutritional
intervention and fitness programs is essential in patients
with colorectal cancer.

At present, many cancer survivors rarely use tools to
report subjective data such as pain, fatigue, and distress
[6]. Moreover, many patients face difficulties to receive
sufficient and appropriate information applicable to
their daily lives [7]. Thus, development of a comprehen-
sive, easy-to-access platform for managing oncological
outcomes, body composition, and functional status is
becoming indispensable since their alterations may influ-
ence the prognosis of the disease [4].

Mobile health care application has emerged as an
encouraging device in managing the clinical course of
cancer and improving quality of life and physical perfor-
mance in cancer survivors. Mobile health is defined as
the provision of health services and information through
mobile and wireless technologies [8]. A previous study
showed that physical capacity including muscle strength

of lower extremities and cardiorespiratory endurance
and treatment-related symptoms, such as fatigue, nausea,
and vomiting, were significantly improved in colorectal
cancer patients through a tailored rehabilitation exer-
cise program supported by mobile health applications
[1]. However, generalization to overall colorectal cancer
patients could not be done owing to a limited number
of patients and confinement to a specific phase of the
treatment.

To the best of our knowledge, randomized clinical trials
that applied a personalized, phase-specific digital health
program using mobile application and smart bands to a
large number of patients with colorectal cancer have not
yet been conducted, especially starting immediately post
cancer operation. The primary objective of this protocol
is to clarify the effect of mobile application and wear-
able smart band on skeletal muscle mass increment in
patients with colorectal cancer. The secondary outcomes
will be improvement in quality of life, enhanced physical
fitness level, increased physical activity, diminished pain
intensity, decreased severity of the low anterior resection
syndrome, weight, and fat mass.

Methods

Study design

This protocol will be a prospective multi-centered two-
armed randomized controlled trial. The study design
meets SPIRIT guidelines [9]. The SPIRIT Checklist are
attached as Additional file 1. Colorectal cancer patients
will be recruited from three university hospitals in South
Korea (Samsung Medical Center, Korea University Anam
Hospital, and Seoul St. Mary’s Hospital). The enrolled
participants will be randomly allocated to either the digi-
tal therapeutic or control group. Regardless of group allo-
cation, all patients will receive conventional education
and usual care in hospital. Patients who undergo colos-
tomy will receive colostomy care by hospital staffs. Fur-
thermore, patients who underwent low anterior resection
surgery will receive education of the pelvic floor muscle
rehabilitation by a physical therapist, 2-4 weeks after
surgery. The flow diagram of the study protocol is shown
in Fig. 1.

Participants

In this study, we will enroll 324 participants who were
diagnosed with colorectal cancer and have undergone
surgery. The inclusion criteria will be as follows: (a)
aged 19-85 years, (b) diagnosed with colorectal can-
cer and undergone colorectal cancer resection surgery,
(c) uses an Android- or iOS-based smartphone, (d) able
to use mobile application and have regular follow-up
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Fig. 1 Flow chart of the randomized controlled trial

assessment as outpatient, (e) voluntary participation. The
exclusion criteria will be as follows: (a) unable to perform
exercise and diet management because of severe underly-
ing disease, neuromusculoskeletal disease, or cognitive or
visual impairment, (b) communication difficulties.

All eligible patients will be informed about this study,
and after consultation with the department of surgery
and the department of rehabilitation medicine they will
be invited to participate. All patients will submit a writ-
ten informed consent if they agree to participate in the
study.

I

6-month assessment

v

12-month assessment

Randomization, allocation, and blinding

We used blocked randomization with randomly selected
block sizes (block size: 3 and 6). This study is an open
study; therefore, the name of the group is not blinded.
Owing to the nature of the intervention, the participant
and evaluator can recognize which intervention has
been assigned to the participant. After randomly allocat-
ing patients into two groups with a 1 (control group): 2
(intervention group) ratio, baseline assessment will be
performed.
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Interventions

Personalized digital therapeutic (intervention) group

For the personalized digital therapeutic group, Colon
Cancer by Second Doctor program (Medi Plus Solution,
Seoul, Korea) for health management after colorectal
cancer surgery and DoFit as a smart band on the wrist
(NF-B20, Medi Plus Solution, Seoul, South Korea) will
be used. The application and fundamental contents are
developed by an expert team consisting of app develop-
ers, designers, service programmers, cancer rehabilita-
tion specialists, and researchers as the basis of evidence.
It can be used on both Android and iOS platforms. Data
collected from smart band can be transferred to applica-
tion via Bluetooth connection. This smart band is capa-
ble of measuring the physical activity (step counts and
energy expenditure), heart rate through a built-in 6-axis

Table 1 Functions of the mobile application 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.

Second doctor - It offers health information and education

Journal contents regarding exercise, nutrition, and disease
according to the surgery, treatment type, and
comorbidities.

Exercise - It offers an aerobic exercise program with target

management heart rate and exercise time according to the

user’s treatment type. In addition, using a weekly
step-by step approach, the exercise program with
video clips is provided by combination of stretch-
ing and muscle strengthening exercises and pelvic
floor muscle training.

- The contents of exercise are personalized accord-
ing to the user information (surgery and treatment
type); difficulty 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.

« 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.

Physical activity - It recommends the target stepping intensity,

management burning of calories, and heart rate (e.g., 5,000
steps, 200 kcal, etc.). The number of steps accord-
ing to the step type is displayed.

Comorbid- - It indicates target blood pressure and blood glu-

ity and Weight cose level based on the clinical practice guidelines.

management - Itinforms the user whether their weight is within

the normal weight range.

Page 4 of 9

accelerometer, gyroscope, and photoplethysmography
sensor. In addition, information from smart devices such
as blood pressure monitors, blood glucose monitors, and
weight scales can be linked with the application.

The key app functions are indicated in Table 1 and
screenshots of representative functions are shown in
Fig. 2. User information for the algorithms of personal-
ized content includes treatment type (chemotherapy),
hypertension, initial weight, age, perceived rating of exer-
tion, and comorbid diseases. After the primary analysis
using these factors, the user life log data is repeatedly
analyzed to provide a tailored guide.

Health care professionals can monitor the individual
usage of participant using a web-based open architecture
management program including all life log data. To man-
age the adherence to the mHealth-based intervention, we
will monitor the application usage rate every 2 weeks for
12 months, and feedback will be provided during initial 3
months.

Control group
The control group will go through conventional educa-
tion and usual care in hospital for 12 months.

Outcome measures

Outcomes will be assessed at baseline and at 1-, 3-, 6-,
and 12-month follow-ups. Outcome measures will be
assessed by clinical research coordinator and summary
of baseline screening, assessment, and follow-up during
study visits is described in Table 2.

Primary outcome

The primary objective of this study is to determine the
effect of mobile application and wearable smart band in
the management of prognostic factors in colorectal can-
cer patients. Therefore, the primary outcome would be
the skeletal muscle mass increment in the intervention
group compared to the control group in 12 months from
the baseline, measured using the bio impedance analysis.

Secondary outcomes

The secondary objectives of our study are quality of life,
body function and composition, and pain intensity over
time.

The quality of life will be evaluated using the European
Organization for Research and Treatment of Cancer-
Quality of life Questionnaire (EORCT-QLQ-C30 and
CR29). EORTC QLQ-C30 is composed of functional,
symptom, and global quality of life domain. The qual-
ity-of-life scale uses a modified 7-point linear analog
scale. All other items are scored on a 4-point categorical
scale, ranging from 1 “not at all” to 4 “very much” [10].
The EORTC QLQ-CR29 is designed to complement the
C30 questionnaire as a tumor-specific questionnaire for
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Fig. 2 Screenshots of the representative function and smart-band: (A) home (today’s to do list), (B) second doctor journal, (C) exercise management,
(D) weight management, (E) diet management, (F) exercise video (pelvic floor muscle training), and (G) DoFit. Reproduced with permission of Medi Plus

Solution. Co,, Ltd

patients with colorectal cancer. It is composed of func-
tion and symptom domains [11, 12]. High overall quality-
of-life, high functional domain score, and low symptom
domain score correlates with high quality of life.

International physical activity questionnaire-short
form (IPAQ-SF) is divided into vigorous activity, mod-
erate activity, walking, and lying down to evaluate the
amount of activity in the last seven days. The participants
are also asked to define the number of min and days
spent performing a specific activity category [13].

Mini nutritional assessment (MNA) defines nutritional
status. It is divided into several domains for anthropo-
metric assessment (weight, height, and weight and appe-
tite loss) [14]. The total score is 30 points, < 17 points
indicates malnutrition, 17-23.5 points indicate risk of
malnutrition, and 24—30 points is considered normal.

Physical fitness is evaluated using the grip strength
test, 30-sec chair stand test (CST), and 2-min walk test
(2MWT). Grip strength is assessed using a hand-held
dynamometer (microFET* Digital HindGRIP Dynamom-
eter, Hoggan Scientific LLC, USA). The patients are asked
to use the maximal hand grip power (kg). The patients
repeat this three times for three seconds, and the average
of the results will be recorded [15]. The CST is used to
evaluate the strength of the lower extremities by assess-
ing the maximal total number of repetitions of standing
up to a chair that the person could achieve in 30 s. Par-
ticipant is instructed to stand up and sit down fully at
their maximal speed for 30 Sects. [16, 17]. The 2MWT is
used to examine the cardiorespiratory endurance of the
participants. It will be performed in a 15.2-m hallway.

The patients will be asked to walk at their maximal speed
for 2 min and the total distance they walked will be mea-
sured [18].

The abdomen and pelvis will be analyzed using com-
puted tomography (CT). To measure muscle mass and
visceral fat, we will analyze the cross-sectional area in a
single CT slice at the height of the third lumbar vertebra
[19].

Rectal cancer patients without ileostomy or colostomy
would be evaluated for defecation function by Low Ante-
rior Resection Syndrome Score (LARS) questionnaire.
Patients are categorized into three groups: no LARS
(0-20), minor LARS (21-29), and major LARS (30-42)
[20, 21].

The pain intensity for the past week will be evaluated
by a 11-point Numeric Rating Scale (NRS) [22] with O
and 10 representing “no pain” and “the worst possible
pain’; respectively. Participants will answer about an aver-
age and the worst perceived pain intensity score.

Additionally, the intervention group will undergo a
general assessment with e-health literacy at baseline and
the self-developed satisfaction questionnaire for mobile
application and Internet of Things device after 6 months.
The eHealth Literacy Scale (eHEALS) is designed to
assess consumer’s perceived skills at using informa-
tion technology for health and to aid in determining the
applicability of eHealth programs for individual consum-
ers. The eHEALS has 10 items, where items 1 and 2 are
supplementary. Eight questions assess eHealth literacy on
a 5-point Likert scale, in which a higher score indicates
higher literacy [23].
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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-month 3-month 6-month 12-
(x1w) (£2w) (x1m) (£2m) month
(x2m)
ENROLLMENT:
1 Eligibility screening X
2 Informed consent X
Allocation X
3 Demographic X
characteristic
4 Medical history X
5 Health lifestyle X
6 beHealth Literacy Scale X
INTERVENTIONS:
Personalized digital < >
therapeutic (intervention)
group
Control group < >
ASSESSMENTS:
7 Complication X X X X
8 Hb, albumin X" X X
9 CT (visceral fat, muscle X" X X
mass)
10 Body composition X X X X X
11 EORCT-QLQ-C30 X X X X X
12 EORCT-QLQ-CR29 X X X X X
13 MNA X X X X X
14 IPAQ-SF X X X X
15 Grip strength X X X X X
16 30 s chair stands test X X X X
17 2 min walk test X X X X
18 9LARS X X X X
19 bsatisfaction X
questionnaire

CT:computed tomography, EORCT-QLQ: European Organization for Research and Treatment of Cancer-Quality of life Questionnaire, MNA: Mini Nutritional Assessment,
IPAQ-SF: International Physical Activity Questionnaire-Short Form, LARS: Low Anterior Resection Syndrome Score Questionnaire

2 Rectal cancer without ileostomy and colostomy.
b Digital therapeutic group only.
" Tests analyzed within previous 6 months from the baseline can be collected.

Sample size calculation

Based on a previous study [24], the sample size was cal-
culated with effect size of 0.35 (moderate level), 80% of
power, and allocation ratio 1 (control group): 2 (inter-
vention group) using the G-power 3.1.9.2. The results
showed that the number of intervention and control
group participants were at least 195 and 97, respectively.
Considering the drop-out rate (10%), total number of
participants was 324 (216 of intervention group and 108
of control group). We will enroll competitively partici-
pants to reach target sample size.

Data management

For systematic data management, electronic data capture
of Medicallogic Company (www.medicallogic.com) will
be used for this study. During the study, the electronic
case report form for each enrolled participant will be
filled in with all data, which includes the baseline visit,
and clinical data, such as comorbidities. All relevant
data will be uploaded from the source documents into
an electronic case report form by study-site personnel.
This web-based platform will be accessible for permitted
research team members only.
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Statistical analysis

All data will be analyzed using IBM SPSS Statistics ver-
sion 28.0.1 (Armonk, New York, USA) and a significance
level of 5% will be set with a 95% confidence interval.
Patient demographics will be calculated using descrip-
tive statistics. Kolmogorov—Smirnov test will be per-
formed to assess the distribution of data. To compare
baselines between the two groups, a student’s t-test and
chi-squared test will be conducted. In case the random-
ization is not balanced, the baseline difference will be
corrected through multivariate logistic regression and
analyzed. To compare the mean difference, if the primary
outcome (skeletal muscle mass) data in both groups are
found to be normally distributed, we will perform an
independent t-test. Missing data will be handled depend-
ing on the distribution of data after study completion. To
investigate the effects of the interventions and differences
between groups for secondary outcomes, a mixed effects
model or generalized estimating equations will be con-
ducted, with one between-subject factor (group) and one
within-subject factor (evaluation time).

Discussion

Owing to COVID-19 pandemic, home-based exercise is
emerging as a promising tool for physical therapy. How-
ever, the biggest shortcoming of home-based program is
still the poor management of compliance. Contrarily, pre-
vious studies on health management service applications
had segmental interventions, such as only applying the
health program during chemotherapy or dealing mainly
with only psychological or nutrition-related issues [25,
26]. Most of them enrolled a small number of patients;
insufficient to apply to general population. Although,
studies regarding digital health issues are increasing in
number, cancer related issues have not been addressed
yet. Until now, adequate home-based exercise program
with digital health platform that patients with colorec-
tal cancer can use has been lacking, especially for the
patients not eligible for regular visit to outpatient clinic.
Therefore, for the sake of such patients, a comprehen-
sive multimodal personalized digital intervention with
easy-to-access mobile app is necessary, which manages
hardships in every postoperative phase and enhances the
patients’ physical activity and nutrition right after the
operation. Consequently, a good quality of life, enhanced
physical activity, and an easy return-to-society can be
achieved, by managing the health behavior and nutrition
status of the patients.

To the best of our knowledge, this will be the first ran-
domized clinical trial performing digital therapeutics for
personalized postoperative rehabilitation in patients with
colorectal cancer. The study has several differentiated
strong points. First, it starts immediately after the opera-
tion for one year. Second, a large number of colorectal
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cancer patients will be enrolled. Third, the program will
be composed of a tailored digital health intervention,
modified according to the treatment phase and patient
condition. Another short-term positive consequence of
our program includes reduction of financial and time
burden on patients as well as on clinicians. In the long
term, an integrated medical management of disease and
psychological intervention would enable more compre-
hensive disease controlling systems.

In conclusion, this study will clarify the effect of
patient-centered mobile and wearable digital health
interventions on immediate postoperative rehabilitation
of the patients with colorectal cancer. The study will add
foundations for the application of comprehensive digital
healthcare programs in postoperative rehabilitation for
cancer patients in remote areas.

Trial status
The first participant recruitment began on 11 May 2020.

Participant safety and withdrawal

The researcher’s name and phone number for an emer-
gency contact will be provided to ensure the patient’s
safety. All participants are informed that they can volun-
tarily discontinue the study at any time and they could
be withdrawn when the significant disease non-related
to study is detected, cancer metastasis and recurrence
occurs, or if they did not follow the instruction of doctor
in charge.

Ethics and dissemination

All study procedures were approved by the Institute
Review Board of three hospitals (approval numbers:
SMC-2021-01-090, 2021AN0104 and KC21FNSI0177).
The trial is registered on clinicaltrials.gov (approval ID:
NCT05046756). The study protocol was reviewed by the
institutional review board of Samsung Medical Center on
1 Feb 2021 and was approved on 23 Feb 2021 as original
protocol. In the case of important protocol modifica-
tions, principal investigator will share them with coordi-
nating investigators and trial participants, and report to
the institutional review board.

Personal information about enrolled participants
will be collected, shared with clinic (i.e., Korea Univer-
sity Anam Hospital and Seoul St. Mary’s Hospital), and
retained only by the research team during study. After
the end of the study, all personal information will be
retained for 3 years and subsequently destroyed.

The trial results will be published in the journal and
report of results will be posted on the funding insti-
tute’s site for the public, participants, and healthcare
professionals.
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Any publications containing the results of this study
have not been already published or submitted to any
journal.
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