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Abstract

Background: Cancer cachexia (CC) is a multifactorial process characterized by progressive weight loss, muscle
mass, and fat tissue wasting, which adversely affects the quality of life and survival of patients with advanced stages
of cancer. CC has a complex and multifactorial pathophysiology, and there is no established standard treatment.
Therefore, it is often irreversible and a single treatment modality is unlikely to suppress its progression. We are
conducting a randomized trial to investigate the efficacy and safety of a multimodal intervention compared to the
best supportive care for patients who received palliative chemotherapy.

Methods: Patients with lung or gastrointestinal cancers undergoing palliative chemotherapy are eligible. Patients
are randomized into a multimodal intervention care (MIC) arm versus a conventional palliative care (CPC) arm. MIC
includes ibuprofen, omega-3-fatty acid, oral nutritional supplement, weekly physical, psychiatric assessment,
nutritional counseling, and complementary and alternative medicine. CPC includes basic nutritional counseling and
megestrol acetate as needed (i.e., anorexia ≥ grade 2). All interventions are performed for 12 weeks per subject. The
co-primary outcomes are change (kg) in total lean body mass and handgrip strength (kg) from the baseline. A total
of 112 patients will be assigned to the two arms (56 in each group).

Discussion: The purpose of this study is to evaluate the effect of MIC in preventing or alleviating CC in patients
who underwent palliative chemotherapy. As there is no established single treatment for CC, it is expected that the
results of this clinical trial will provide new insights to significantly improve the quality of life of patients with
cancer. Considering the complex mechanisms of cachexia, the effect of MIC rather than a single specific drug is
more promising. In this study, we did not overly restrict the type of cancer or chemotherapy. Therefore, we
attempted to measure the effects of complex interventions while preserving clinical situations. Thus, it is expected
that the results of this study can be applied effectively to real-world practice.

© The Author(s). 2022 Open Access This article is licensed under a Creative Commons Attribution 4.0 International License,
which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article are included in the article's Creative Commons
licence, unless indicated otherwise in a credit line to the material. If material is not included in the article's Creative Commons
licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.
The Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the
data made available in this article, unless otherwise stated in a credit line to the data.

* Correspondence: oncology.khu@gmail.com
†Chi Hoon Maeng and Bo-Hyung Kim contributed equally to this work.
8Department of Surgery, Kyung Hee University Hospital, Seoul, South Korea
Full list of author information is available at the end of the article

Maeng et al. Trials          (2022) 23:281 
https://doi.org/10.1186/s13063-022-06221-z

http://crossmark.crossref.org/dialog/?doi=10.1186/s13063-022-06221-z&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:oncology.khu@gmail.com


Trial registration: This clinical trial was registered in the Clinical Research Information Service (KCT0004967), Korean
Clinical Trial Registry on April 27, 2020, and ClinicalTrial.gov (NCT 04907864) on June 1, 2021.
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Introduction
Background and rationale {6a}
Cancer cachexia (CC) is a multi-factorial process charac-
terized by progressive weight loss, muscle mass, and fat
tissue wasting, and adversely affects the quality of life
and survival of patients with advanced stages of cancer
[1]. It is known that 30–50% of patients already experi-
ence cachexia at the time of initial diagnosis, depending
on the type of tumor [2]. Furthermore, CC affects 50–
80% of patients with advanced cancer, most commonly
with lung and gastrointestinal cancer, and is the main
cause of death in 20–30% of patients with cancer [3–5].
The pathophysiology of CC can be explained by various
complex mechanisms, including metabolic alterations in
protein and fat, changes in hormonal activity, and
tumor-driven inflammation [6]. In addition, cancer treat-
ment itself can cause or worsen cachexia due to
chemotherapy-induced anorexia, poor oral intake, and
decreased physical activity [7, 8]. Therefore, it is often ir-
reversible, and it is difficult to suppress its progression
with any single treatment modality.
Megestrol acetate (MA), which can help maintain

appetite and body weight in patients with advanced
cancer, has not been proven to be effective in improving
quality of life or lean body mass (LBM) [9]. It is known
that the weight gain caused by MA is mainly because of
edema or an increase in adipose tissue [10].
Furthermore, its use is often limited owing to various
adverse events (AEs), such as Cushing syndrome,
adrenal insufficiency, or thromboembolic risk [11].
Anamorelin, a selective ghrelin receptor agonist, was
studied for CC in patients with non-small cell lung can-
cer in pivotal phase 3 trials. In that study, 12 weeks of
anamorelin administration had a positive effect on LBM
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but not on handgrip strength compared to placebo [3].
However, the effect was modest, and the drug is not cur-
rently approved for CC by the United States Food and
Drug Administration (FDA) and European Medicines
Agency (EMA) [8]. Non-steroidal anti-inflammatory
drugs (NSAIDs) have been studied to reduce systemic
inflammation in patients with CC. A meta-analysis re-
vealed that NSAIDs may improve the weight of patients
with CC, preserving their quality of life, although the
level of evidence was weak [12]. Other pharmacological
interventions, such as glucocorticoids, cannabinoids, an-
drogens, and prokinetics have been examined to improve
CC, but there is no clear evidence to date.
Of note, CC does not indicate a single static state, but

develops as a continuous spectrum through several stages
[1]. If the patient is relatively early in the cancer trajectory,
the symptoms and signs of cachexia can be alleviated with
appropriate chemotherapy [8]. However, in late-stage pa-
tients with severe muscle wasting, cachexia is often refrac-
tory and unlikely to respond to any intervention [1, 13].
Therefore, it is necessary to develop a multimodal inter-
vention to prevent or alleviate CC at an early stage in pa-
tients with advanced cancer receiving chemotherapy, even
if weight loss of metabolic changes suggestive of CC has
not yet been revealed. We are conducting an open-label,
parallel, randomized phase 2 trial to investigate the effi-
cacy and safety of a multimodal intervention including
anti-inflammation, omega-3-fatty acids (O3FA), nutri-
tional supplement with counseling, physical exercise, psy-
chiatric intervention, as well as Bojungikki-tang, which
mediates immune-modulation and reverses chronic in-
flammation and wasting conditions as a complementary
and alternative medicine (CAM) compared to patients re-
ceiving the best supportive care.

Objectives {7}
We hypothesized that a multimodal intervention comprising
anti-inflammation, O3FA, oral nutritional supplement (ONS)
with counseling by a nutritionist, physical exercise, psychi-
atric intervention, and Bojungikki-tang, which mediates im-
mune modulation and reverses both chronic inflammation
and wasting conditions as a CAM could prevent the develop-
ment of CC or improve CC in patients with advanced cancer
during chemotherapy compared to in those who received
the standard supportive care.

Trial design {8}
This study is an open-label, parallel, randomized phase 2
trial to determine the superiority of multi-modal inter-
vention care (MIC) to conventional palliative care (CPC)
in terms of prevention or alleviation of CC. Patients will
be randomly assigned in a 1:1 ratio to either the MIC or
CPC arm.

Methods: participants, interventions, and
outcomes
Study setting {9}
This clinical trial is being conducted at the multidisciplinary
departments of the Kyung Hee University Hospital, Korea.
The departments of medical oncology, surgery, clinical
pharmacology, psychiatry, nutrition, nuclear medicine,
physical medicine, and rehabilitation are involved in patient
recruitment and treatment intervention. A specialist from
the Department of Sasang Constitutional Medicine of Kyung
Hee University Korean Medicine Hospital is also involved in
treatment intervention for CAM.

Eligibility criteria {10}
The inclusion criteria are as follows: (1) patients who are
diagnosed with recurrent or metastatic solid cancer:
gastric, colorectal, pancreatic, biliary tract, and lung; (2)
patients receiving first- or second-line palliative chemo-
therapy; (3) Eastern Cooperative Oncology Group per-
formance status 0–2; (4) patients categorized into
normal, precachexia, or cachexia by pre-defined stages
of CC (precachexia is defined as weight loss ≤ 5% within
the last 6 months, anorexia, and metabolic changes, such
as glucose intolerance; cachexia is defined as weight loss
> 5% within the last 6 months or body mass index < 20
and weight loss > 2% within the last 6 months [1]); (5)
age ≥ 19 years; (6) patients who can comply with treat-
ment interventions in the clinical trial at the discretion
of the researcher, for example, those who have no re-
strictions on simple daily exercise, ONS intake, and use
of NSAIDs; and (7) patients with adequate organ func-
tion. Laboratory findings conducted within 1 week of
the study enrolment should be appropriate for the treat-
ment intervention as well as chemotherapy: total white
blood cell ≥ 3000mm3, absolute neutrophil count ≥
1200 mm3, platelet ≥ 100,000 mm3, hemoglobin ≥ 8.0 g/
dL, aspartate transaminase, and alanine transaminase 3
times or less of the upper limit of the reference range,
total bilirubin 2 times or less of the upper limit of the
reference range, serum creatinine 1.5 times or less of the
upper limit of the reference range or estimated glomeru-
lar filtration rate calculated by the Cockcroft-Gault
equation > 60mL/min.
Exclusion criteria are as follows: (1) patients who have

a history of cardiovascular disease with or without active
treatment: congestive heart failure, poorly controlled
hypertension ≥ 160 mmHg of systolic blood pressure or
100 mmHg of diastolic blood pressure despite
antihypertensive medication, coronary heart disease; (2)
patients with bronchial asthma; (3) patients who are
unable to intake food or medication orally or have
considerable difficulty in adequate oral intake: bowel
obstruction, uncontrolled active inflammatory bowel
disease, and short bowel syndrome; (4) patients
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associated with bleeding risk or peptic ulcer disease or
contraindication to taking NSAIDs; (5) patients who
have taken MA or progestin analogs within 30 days prior
to the study participation; (6) patients who are taking
aspirin or NSAIDs continuously for more than 1 week at
the time of the study participation; and (7) patients who
are taking anticoagulants.
Prespecified medical oncologists will conduct

chemotherapy for each participant and prescribe
concomitant interventional drugs (NSAIDs, O3FA,
and ONS) during the study period. Psychiatric
interventions will be performed by a psychiatrist.
The exercise program will be established by a
physiatrist, and each individual participant’s exercise
therapy will be performed by trained, certified
physical therapists. Regular nutritional counseling for
participants will be provided by two nutritionists. A
certified Korean medical doctor will provide herbal
medication as CAM. A nuclear medicine specialist
will conduct and interpret dual-energy X-ray absorp-
tiometry (DEXA) for each participant’s study out-
comes, although he will not be directly involved in
specific treatment intervention. Finally, surveys of
patient reported outcomes, including quality of life,
will be provided and conducted by medical oncolo-
gists and Korean medical doctors who will be the
physicians in charge of actual medical management
for the participants.

Who will take informed consent? {26a}
Medical oncologists who participate as co-investigators
in this study will provide informed consent. Patients
treated with palliative chemotherapy are potential sub-
jects for this study. If a patient is judged to be potentially
eligible, written informed consent is obtained after giv-
ing the patient sufficient time to explain the purpose,
methods, significance of the study, and the potential
risks and benefits.
The consent form contains the following, but not

limited to, in accordance with the regulations of the IRB
and HRPP of Kyung Hee University Hospital as well as
AAHRPP: (1) contact information of the investigator, (2)
consent process as mentioned above, (3) the purpose of
this clinical study, (4) methods and study procedures in
detail (for example, the duration and the number of
visits to the hospital for this clinical study), (5) risks and
benefits with information about subject safety, (6)
information about the study funding including the
amount of research funds, (7) participation expenses, (8)
target number of cases enrolled, (9) compensation, (10)
information on initiation and cessation of study
participation, (11) privacy and confidentiality, and (12)
specimen collection.

Additional consent provisions for collection and use of
participant data and biological specimens {26b}
In this study, an additional study for biomarkers is
planned. For this analysis, 5 ml of whole blood from
each participant will be obtained at the baseline, week 6,
and week 13 during the study. These biological
specimens will be frozen and stored for 3 years. For
future analysis, separate consent from the participants
and IRB deliberation are required.

Interventions
Explanation for the choice of comparators {6b}
Participants are randomly assigned to either the
“Multimodal Interventional Care” (MIC) group or
“Conventional Palliative Care” (CPC) group in a 1:1 ratio.

Intervention description {11a}
1. Multimodal Interventional Care (MIC)

1) Intervention with investigational product (IP)

A participant allocated to the MIC group will receive
the following medication as IPs for 12 weeks while the
palliative chemotherapy continues as planned: NSAID,
O3FA, Bojungikki-tang, and ONS. NSAID is provided
orally as ibuprofen 200 mg three times a day. O3FA is
provided orally at 1000mg twice a day. Bojungikki-tang
is provided orally as 3.75 g twice a day. ONS is in the
form of one sachet containing a 200-mL beverage de-
signed for drinking. Each 200 mL ONS contains 9.8 g of
protein, 27 g of carbohydrate, 6 g of fat, and 2 g of fiber.
The participants will take it twice a day. All prescribed
IPs should be taken daily for 12 weeks, unless a partici-
pant is intolerable to them. All IPs should be adminis-
tered to the participants according to the study protocol.
To check compliance with the administration of IP, the
remaining IPs that the participant could not take will be
retrieved at the next visit and the number of remaining
medications will be checked.

2) Intervention with a psychiatrist

Type Intervention

Psychotherapy General psychotherapy

Cognitive behavioral
therapy for stress

Week 1: stress screening
Week 3: talking about cancer, coping with
physical symptoms
Week 5: finding and changing thoughts
causing stress
Week 7: learning coping skills or anger
management
Week 9: coping with physical changes and
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Intervention description {11a} (Continued)

potential fears

Cognitive behavioral
therapy for sleep

Cognitive behavioral therapy for insomnia

Pharmacotherapy Performed when necessary according to
the researcher’s clinical decision

3) Intervention through exercise by a physiatrist

Type Intervention

Warm-up exercise 5–10 min: low intensity (< 40% of VO2Max) or
moderate intensity

Stretching (ROM
exercise)

10 mins

Conditioning (Training)
exercise

20–30 min: aerobic exercise (ergometer or
treadmill)
Resistance exercise (60–80% of 1RM, 1 set 10–
15 repetition)
Flexibility exercise (upper and lower extremity)

Cool-down exercise 5–10 min: low or moderate intensity:
cardiovascular and muscle endurance exercise

*VO2Max, maximal oxygen consumption; ROM, range of motion; RM, repetition
maximum

4) Others

Participants will receive nutritional counseling four
times (baseline, weeks 4, 7, and 13) during the study
period by hospital nutrition specialists. Through detailed
interviews and counseling, participants can be helped to
have their daily meals at home.

2. Conventional palliative care (CPC)
Participants assigned to the CPC group will receive
their planned chemotherapy with the best supportive
care. No additional IP, psychiatric intervention, or ex-
ercise will be provided. However, routine nutritional
counseling for all patients who are treated with
chemotherapy will be provided twice (baseline and
week 13) during the study period. In Korea, every pa-
tient receiving chemotherapy can be provided with
two nutritional counseling sessions under the reim-
bursement schedule of the Korean National Health
Insurance. In addition, at the clinical discretion of the
researcher, MA 625 mg once a day can be adminis-
tered if the participant shows more than grade 2 an-
orexia or weight loss based on the Common
Terminology Criteria for Adverse Events (CTCAE)
version 5.0. MA can also be provided to the

participant if the subject is categorized as pre-defined
precachexia or cachexia.

Criteria for discontinuing or modifying allocated
interventions {11b}
Subjects may voluntarily discontinue participation in
the study at any time. In addition, the investigator
may discontinue the intervention or suspend the sub-
ject’s participation in this study at any time according
to the following criteria: (1) when a subject requests
to discontinue part of the clinical trial treatment dur-
ing the study period or withdraws consent to partici-
pate in this trial, (2) when the investigator decides to
drop out of the study because the subject’s continued
participation in the study poses a risk that outweighs
the potential benefit to the subject, (3) when the sub-
ject has taken a drug that is expected to affect the
evaluation of the safety and efficacy of the interven-
tions, and (4) violation of inclusion or exclusion
criteria.

Strategies to improve adherence to interventions {11c}
In this study, especially when assigned to the MIC
group, there is a concern that the compliance of the
participants might be lowered owing to three kinds of
IPs to be taken with multiple and frequent visits to
the hospital for exercise intervention. To increase
compliance of the participants, trained study coordi-
nators will call the patients before each visit to re-
mind them of the study schedule, and even when
they move within the hospital (for example, to the
treatment room, laboratory, or exercise therapy
room), study coordinators will accompany them dir-
ectly. To assess drug compliance, the remaining IPs
that could not be taken as scheduled will be returned
and counted at the next visit.

Relevant concomitant care permitted or prohibited during
the trial {11d}
MA is not allowed to the participants allocated to the MIC
group. There will be no restrictions on chemotherapy or ra-
diation therapy required for patients during clinical trials.

Provisions for post-trial care {30}
When an adverse reaction occurs during the conduct
of this clinical trial, the investigators will apply ut-
most effort to recover the side effect by administering
appropriate treatment and to minimize the financial
and social burden on the patient when hospitalization
is required because of an adverse reaction directly
due to trial participation. Costs for appropriate treat-
ment will be provided even after the clinical trial is
completed. The team has joined the insurance com-
pensation scheme for this purpose.
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Outcomes {12}

Primary outcomes The co-primary outcomes of this
study are change in total LBM (kg) and handgrip
strength over 12 weeks of intervention. The change from
baseline over 12 weeks is defined as the average of the
change (kg) from baseline at week 7 and change from
baseline at week 13. We adopted this strategy based on
previous literature because we agree with the author’s
opinion that averaging changes from baseline over two
time points during the study period could be a more con-
servative approach compared to using only data of base-
line and week 13 [3]. Total LBM and handgrip strength
are measured by DEXA and a dynamometer, respectively.
The five elements of specification in reporting primary

outcome measures

Domain Total LBM and Handgrip strength

Specific
measurement

DEXA for total LBM, Dynamometer for handgrip
strength

Specific metric Change (kg) from baseline

Method of
aggregation

Mean or median values

Time-point Total LBM: Average of the change from baseline at
week 7 and change from baseline at week 13
Average of the change from baseline at week 7 and
change from baseline at week 13
Hand grip strength: Average of the change from
baseline at week 5, change from baseline at week 9
and change from baseline at week 13

The assessment of cachexia should include both
physical muscle mass and strength of muscle representing
functional aspects [14]. Therefore, we adopted study
objectives based on the previous literature [3]. The total
lean body mass represents a physical indicator, and the
handgrip power represents a qualitative marker as
function of the muscle.

Secondary outcomes The secondary outcomes are as
follows:
1) Changes (kg) in total body mass, LBM of trunk,

LBM of both upper and lower extremities, fat mass

Domain LBM of trunk, both upper and lower extremities, fat
mass, total body mass

Specific
measurement

DEXA

Specific metric Change (kg) from baseline

Method of
aggregation

Mean or median values

Intervention description {11a} (Continued)

Time-point Changes from baseline at weeks 7 and 13

2) Changes (kg) in handgrip strength measured at
time-point different from the primary outcomes

Domain Handgrip strength

Specific measurement Dynamometer for handgrip strength

Specific metric Change (kg) from baseline

Method of aggregation Mean or median values

Time-point Changes from baseline at weeks 5, 9, and 13

3) Changes (kg) in body weight

Domain Body weight

Specific measurement Scale

Specific metric Change (kg) from baseline

Method of aggregation Mean or median values

Time-point Changes from baseline at weeks 5, 9, and 13

4) Changes on the anorexia-cachexia scale
The anorexia-cachexia scale will be assessed using the

Functional Assessment of Anorexia/Cachexia Treatment
(FAACT) version 4, where higher the score, the better is
the outcome with a range of 0–156 [15].

Domain Anorexia-cachexia scale

Specific
measurement

Functional Assessment of Anorexia/Cachexia
Treatment (FAACT) version 4

Specific metric Change (score) from baseline

Method of
aggregation

Mean or median values

Time-point Changes from baseline at weeks 7 and 13

5) Changes in quality of life
The quality of life will be assessed using the European

Organisation for Research and Treatment of Cancer
Quality of Life Questionnaire (EORTC QLQ)-C30
version 3 [16]. Questions 1 to 28 use a 4-point scale.
The scale scores from 1 to 4: 1 (“Not at all”), 2 (“A lit-
tle”), 3 (“Quite a bit”), and 4 (“Very much”). Half points
are not allowed. The range is 3. For the raw score, fewer
points were considered to have a better outcome. The
subsequent questions 29 and 30 use a 7-point scale. The
scale scores from 1 to 7: 1 (“Very poor”) to 7 (“Excel-
lent”). Half points are not allowed. The range is 6. The
raw score needs to be calculated using mean values.
Subsequently, a linear transformation is performed to be
comparable. More points were considered to have better
outcomes. Finally, the rate of toxicity with clinical
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significance and possible relationship to either study
intervention will be obtained based on CTCAE v5.0.

Domain Quality of life

Specific measurement EORTC QLQ-C30 version 3

Specific metric Change (score) from baseline

Method of aggregation Mean or median values

Time-point Changes from baseline at weeks 7 and 13

6) Changes in spleen Qi deficiency questionnaire
The spleen Qi deficiency questionnaire is a validated

questionnaire that includes 11 questionnaires [17, 18]. Each
item is measured on a 5-point Likert scale, which is as fol-
lows: 0 indicates not at all or not applicable; 1 indicates a
little applicable; 2 indicates moderately applicable; 3 indi-
cates quite applicable; and 4 indicates extremely applicable.
The cut-off value is 43.18 (spleen qi deficiency > 43.18 and
nonspleen qi deficiency (≤ 43.18).

Domain Spleen Qi deficiency

Specific measurement Spleen Qi deficiency questionnaire

Specific metric Change (score) from baseline

Method of aggregation Mean or median values

Time-point Changes from baseline at weeks 5, 9, and 13

Primary and secondary outcomes will be measured
according to a predefined timeline (Table 1).

Participant timeline {13}

Sample size {14}
A sample size of 100 subjects was calculated using statis-
tical program R with the following conditions: two-
sample t test with a two-sided type I error at 0.5, power
of 80%, and 1:1 allocation of MIC versus CPC arm. This
sample size was calculated based on handgrip strength
which was adopted from the previous study [3], because
the standard deviation (SD) of handgrip strength (4.9 kg)
was larger than that of LBM. The SD of changes in
handgrip strength was assumed to be 4.9 kg in both the
treatment arms. Also, the difference of changes in hand-
grip strength between MIC and CPC arms was assumed

to be 2.75 kg. A total sample size of 112 subjects was cal-
culated after considering a 10% dropout rate.

Recruitment {15}
Physicians from the Department of Surgery or Medical
Oncology are designated as co-investigators to screen all
potentially eligible patients, even if they visit our insti-
tute for the first time.

Assignment of interventions: allocation
Sequence generation {16a}
A randomization list of all the subjects were obtained
from a simple randomization procedure without blocks
or stratifications by an independent statistician. This list
was generated in a pre-determined computer, which
cannot be accessed by other study staffs, to minimize
bias when study staffs are aware of random information
prior to assignment.

Concealment mechanism {16b}
The independent statistician will not be allowed to con-
tact the subjects, and this statistician will generate a
randomization list using SAS, version 9.4 (Cary, NC).
The randomization list will be prepared in a pre-
determined computer with restricted access using a se-
cure password. Eligible subjects will be randomly
assigned by this independent statistician.

Implementation {16c}
If a patient is determined to enroll by a medical oncolo-
gist according to the protocol, the information (screen-
ing number, alphabetical initials) for this subject will be
provided to the independent statistician. This statistician
will assign the enrolled patient to one of the two arms
(MIC or CPC) based on the predetermined
randomization list. The results of the assignment will be
provided to investigators and clinical staff using e-mail,
just before the start of week 1.

Assignment of interventions: blinding
Who will be blinded {17a}
This is an open-label study. Blinding is not possible be-
cause of the nature of each intervention. However, the
person in charge of computed sequencing randomization
is independent of the study team and will not know who
the participants assigned to each group are. In addition,
the data analysts are blinded to treatment allocation.

Procedure for unblinding if needed {17b}
This study is not blinded to either the participants or
investigators.
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Data collection and management
Plans for assessment and collection of outcomes {18a}
Primary and secondary outcomes will be collected ac-
cording to a predefined timeline (Table 1). The data for
outcome variables (total LBM from DEXA, handgrip
strength, survey questionnaires for the anorexia-cachexia
scale, EORTC quality of life), and the other data for clin-
ical laboratory data or AEs will be primarily collected on
the electronic medical reporting system of Kyung Hee
University Hospital, which will be reviewed to enter into
the electronic data capture tools of REDCap, hosted at
Kyung Hee University. Data entry operators should be
trained before data collection [19, 20].

Plans to promote participant retention and complete
follow-up {18b}
All the research teams, including the principal investiga-
tor, medical oncologist, and other staff, will have regular
meetings to inspect subjects’ compliance and IP ac-
countability at each visit and withdrawal reasons for the
subject. In particular, the staff who will contact subjects
will communicate their discomfort related to the sub-
ject’s compliance, and medical oncologists and dietitians
will try to alleviate expected problems for subjects, such
as abdominal discomfort and dyspepsia, which can be a
hurdle to participate and complete the current study.

Data management {19}
Data collection will be performed according to the
protocol. These data are stored and managed in the
REDCap system [19, 20]. All data will be entered by two
pre-determined staff. The quality of data will be regu-
larly assessed by the staff and managers of the REDCap
system. The developed electronic CRF in the REDCap
system will automatically announce missing values and
errors for values outside the predefined range. In
addition, the manager will regularly export clinical data
from the system to maintain data quality.

Confidentiality {27}
All records that could identify the participants will be
kept confidential. All documents related to this study,
such as the patient’s information or treatment in detail,
will be recorded and classified by the subject identifica-
tion code (subject study number and alphabetical ini-
tials) rather than the subject’s name to protect the
subject’s privacy and confidentiality. Even when the re-
sults of the clinical trial are published, the identity of the
participants will be kept confidential, and only the sub-
ject’s study number or initials will be recorded when in-
dividual data of the subject is to be published or
reported.
Clinical trial monitoring personnel and inspectors can

view a subject’s medical records to verify the collected
information. At this time, the exposed subject’s informa-
tion will be handled under strict confidentiality, and the
investigator will inform the subject of this fact.
Kyung Hee University Hospital will preserve and main-

tain the security of all data and records related to the con-
duct of this clinical study. The person responsible for the
management and storage of the trial-related documents is
the principal investigator, and access is limited to the per-
son in charge of the study. After reporting the study re-
sults to the Institutional Review Board (IRB) of Kyung
Hee University Hospital after completing the study, in-
formed consent forms and other documents related to the
study will be preserved for 3 years in accordance with the
Bioethics and Safety Act in Korea.

Plans for collection, laboratory evaluation, and storage of
biological specimens for genetic or molecular analysis in
this trial/future use {33}
All laboratory evaluations are to be performed as a blood or
urine test for routine medical purposes (i.e., scheduled
chemotherapy). The exceptions are plasma levels of
interleukin-2, interleukin-6, and pre-albumin, which are not
essential for routine clinical practice. In addition, storage of

Table 1 Timeline for outcome measurements

Time schedule W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 W13

Primary

Total LBMa √ √ √

Handgrip strength √ √ √ √

Secondary

Body weight √ √ √ √

Anorexia-cachexia scale √ √ √

EORTC QLQ C-30b √ √ √

SQDQc √ √ √ √
aTotal lean body mass (LBM) and other secondary variables (total body mass, LBM of the trunk, LBM of both upper and lower extremities, and fat mass) will be
measured using dual-energy X-ray absorptiometry
bEuropean Organisation for Research and Treatment of Cancer quality of life questionnaire C-30
cSpleen Qi deficiency pattern questionnaire
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blood samples for a future study is planned. These samples
will be obtained prospectively and frozen three times (screen-
ing, week 6, and week 13) with 5mL of whole blood. These
specimens will be abrogated after storage for 3 years.

Statistical methods
Statistical methods for primary and secondary outcomes
{20a}
All data will be analyzed using SAS (version 9.4; SAS In-
stitute Inc., Cary, NC) or statistical program R. Primary
and secondary outcomes will be described using descrip-
tive statistics (mean, standard deviation and median
etc.), and the assumptions of normality will be tested for
all the outcome variables to apply appropriate statistical
methods: parametric (two-sample t-test) or non-
parametric (Wilcoxon rank sum test) method. All the
outcome variables will be calculated as the change or %
change from the baseline measurement, [value at pre-
defined schedule (i.e., 5, 7, 9, and 13 weeks) − value at
baseline] or [value at pre-defined schedule (i.e., 5, 7, 9,
and 13 weeks) − value at baseline]/value at baseline. Two
primary outcomes, average of the change in handgrip
strength or change in lean body mass, will be analyzed
using multiple comparison procedures (Bonferroni,
Holm–Bonferroni) to control the family wise error rate.
Secondary outcomes will be analyzed as follows: (1) the
change or % change from the baseline measurement will
be assessed using two-sample t-test or Wilcoxon rank
sum test at each timepoint [i.e., difference between the
values of baseline and 5, 7, 9 or 13 weeks]; (2) all the
outcomes will also be analyzed using a statistical model:
generalized linear mixed-effects model with baseline out-
comes as a covariate, generalized estimating equation, or
appropriate nonparametric rank-based methods; all pri-
mary and secondary outcomes will be summarized using
mean (in the case of parametric tests) or median values
(nonparametric tests).

Interim analyses {21b}
Interim analysis is not planned for this study.

Methods for additional analyses (e.g., subgroup analyses)
{20b}
Primary and secondary outcome values will be analyzed
using an analysis of covariance (ANCOVA) model,
adjusting for each measurement baseline as a covariate.
In addition, subgroup analysis will be performed accord-
ing to categorical variables such as sex or body mass
index. In addition, the changes or % changes for the pri-
mary or secondary outcomes collected within each time
point will be compared using a paired t-test or Wilcoxon
signed-rank test between the MIC and CPC groups.

Methods in analysis to handle protocol non-adherence and
any statistical methods to handle missing data {20c}
Data for protocol non-adherence will be dealt with ac-
cording to the statistical concept of intention-to-treat
principle, which will prevent or minimize bias in the
statistical analysis. Missing data will be handled based
on the International Conference on Harmonization
guidelines (ICH E9), entitled Statistical Principles for
Clinical Trials. We will analyze the mechanism for the
missing data to be handled with suitable methods (e.g.,
single imputation or multiple imputation, etc.) [21].

Plans to give access to the full protocol, participant level-
data, and statistical code {31c}
All datasets including the full protocol and law data will
be available upon request. Persons who wish to obtain
materials can contact the corresponding author through
the e-mail indicated on the title page of the published
paper.

Oversight and monitoring
Composition of the coordinating center and trial steering
committee {5d}
We did not have an independent data and safety moni-
toring board (DSMB) for this study. However, we believe
that our study will ensure adequate quality for the fol-
lowing reasons:
First, our study is regularly monitored by Kyung Hee

University Hospital’s Human Research Protection Pro-
gram (HRPP) system, as well as the auditing group of IRB,
to ensure adequate participant registration, and comple-
tion of mandatory education for study investigators for
clinical trials involvement. Second, monitoring personnel
in the study team check whether data is being queried,
and provide continuous feedback to the person in charge
of data management to prevent errors or omissions each
month. Third, because this study is funded by the Ministry
of Science, ICT & Future Planning of Korea, study investi-
gators are obliged to submit annual reports on the pro-
gress of the research and be audited. Through this, the
appropriateness and quality of the study can be guaran-
teed since these are essential for maintaining the fund.
Fourth, in Korea, all clinical research investigators are re-
quired to receive a prescribed compulsory education every
year for the quality control of clinical studies. Our study
team also completed the training for clinical research
personnel prescribed by law.

Composition of the data monitoring committee, its role and
reporting structure {21a}
Based on the standard operating procedure of the IRB of
Kyung Hee University Hospital, researchers are required
to operate the data monitoring committee if the risk cat-
egory is 3 (moderate risk without benefit) or higher
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according to the risk/benefit ratio assessment during the
initial review of this study protocol. As this protocol was
judged to be category 2 (more than minimal risk with
possible benefit), a data monitoring committee was not
mandatory.

Adverse event reporting and harms {22}
Safety profiles including AEs will be checked and col-
lected at every visit for chemotherapy. All AEs are stan-
dardized according to the CTCAE v5.0. Although we did
not pre-specify the visit schedule (i.e., every 2 weeks),
any harm or adverse events will be checked when the
participants visit according to their scheduled chemo-
therapy sessions. In general, participants will visit and
meet the study team every 1–3 weeks for chemotherapy.
In the case of dropout participants, safety profiles before
dropout should be included in the safety analysis. The
causal relationship between adverse events and interven-
tions is determined in accordance with the World
Health Organization-Uppsala Monitoring Centre
(WHO-UMC) causality assessment [22, 23].

Frequency and plans for auditing trial conduct {23}
The Kyung Hee University Hospital’s HRPP system is
comprised of the institutional leadership, HRPP man-
ager, audit team, research compliance officer, quality im-
provement team, institutional review board, office for
human research protection, and IRB steering committee
(committee of conflict of interest). The IRB works with
the HRPP to conduct a study site-visit audit and moni-
toring. Routine audits are conducted annually between
March and November every year. Before conducting the
audit, the auditor should carefully review the written
plan for the audit target, consent form, and documents
submitted to the IRB, and establish detailed audit plans.
The auditor assigns an audit number to each audit ac-
cording to the order of execution of the audit. The audit
number shall be prepared as “Year-Audit Type + Audit
Order.” At an audit initiation meeting, an auditor ex-
plains the purpose, scope, and procedure of the audit to
the investigator and receives research-related docu-
ments. Based on the predefined “Study Site Visit Check-
list for Kyung Hee University,” the auditor shall inspect
the data that may affect the reliability and integrity of
the trial, such as documents related to consent of the
participants (such as consent form), suitability of the tar-
get (selected/exclusion criterion), records related to ad-
ministration/application of medicines/medical devices,
and items to be evaluated for primary validity/safety of
the research. The auditor may secure a copy of the evi-
dence, if necessary. A closing meeting of the audit shall
be attended by an investigator in charge of the research,
including a principal investigator, and an auditor who
conducted the related audit of the research. The auditor

shall conduct an interview with the person in charge of
the relevant task at the closing meeting of the audit to
check whether the findings are true. In addition, major
findings and suggestions are explained verbally, and the
audit results should be discussed. The auditor may re-
flect modifications in the audit results based on the de-
tails discussed with the investigator. If there are any lost,
incomplete, or incorrect data, an investigator may sub-
mit the data to an auditor within 3 days of the audit.
The auditor may check the submitted data and reflect
the results of the discussion in the audit results. The
auditor shall record the list of documents reviewed dur-
ing the audit and the discussion with the investigators in
the “Study Site Visit Checklist for Kyung Hee Univer-
sity.” Of note, all the processes are completely independ-
ent of the investigators and the sponsor of this study.
The IRB and HRPP of Kyung Hee University Hospital
are accredited by the Association for the Accreditation
of Human Research Protection Programs, Inc. (AAHR
PP).

Plans for communicating important protocol amendments
to relevant parties (e.g., trial participants, ethical
committees) {25}
In the event of alterations, the amended study protocol
should be submitted to the IRB for review. A report of
amendments made to the previously approved study
protocol is requested for submission. In the report, the
following items are to be included: (1) description and
explanation of amendments made, (2) reason for making
amendments, (3) any AEs that occurred under the ori-
ginal research protocol, and (4) expected AEs owing to
the amendments. Because this clinical trial is conducted
after obtaining approval from the Ministry of Food and
Drug Safety of Korea, the amended study protocol and
related documents are necessary to confirm whether the
Minister of Food and Drug Safety approved the change.
However, changes that do not significantly affect the
safety of the subjects or the reliability of the test results
can be waived.

Dissemination plans {31a}
The study results will be published in a peer-reviewed
journal. Before that, the abstract of the results can be
presented at an academic conference.

Discussion
When the investigators planned this clinical trial for the
first time, it was planned that the MIC group included a
total of seven kinds of drug and non-drug interventions,
whereas the CPC group included only one routine nutri-
tional counseling. Because the researchers thought that
to clearly observe the effect of multimodal experimental
interventions, it was necessary to remove other
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treatments that could potentially cause therapeutic ef-
fects in the control group, an issue related to clinical
equipoise between the experimental and control groups
was raised in the initial IRB deliberation. However, in re-
sponse to the opinion of the IRB committee, the study
team decided to include MA and apply the usual care in
real-world practice to the control group. It was decided
that MA would be provided when predefined criteria
were met for participants allocated to the CPC group. In
addition, nutritional counseling will be provided one
more time at the end of the study (week 13) to increase
the patient’s dietary sand nutritional status.
At the time of writing this manuscript, it has been re-

ported that some participants who have already experi-
enced interventions in the MIC group sometimes
complained of abdominal bloating from taking ONS.
One pack of ONS has a volume of 200mL and is to be
taken twice a day. In addition to the issues of IP, weekly
visits to the hospital for exercise treatment were also dif-
ficult in some cases. If there are too many missing parts
of the planned interventions, there is a risk of bias in the
interpretation of the results after the study is completed.
Although this study is ongoing and compliance for IP
has not yet been fully investigated, there might be a con-
cern that a number of concomitant interventions may be
difficult for patients to implement as intended by a phys-
ician in real-world practice. Nevertheless, if multimodal
interventions are found to be effective in improving
cachexia in this study, it may be possible to provide
valuable knowledge to help patients.

Trial status
The registration date for the first participant was Sep-
tember 15, 2020. At the time of submission, 24 of the
112 subjects were enrolled. The estimated study period
is 18 months. The most recent protocol is version 2.5,
revised as of February 22, 2021.
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