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ABSTRACT

Introduction Despite substantial research investments
aiming to prevent cancer and develop therapeutic
interventions, cancer remains a formidable challenge.

In view of the persistent rise in cancer prevalence, the
condition should also be recognised as a chronic disease.
Such an approach can enhance the quality of life of
patients with cancer, inhibit treatment-related adverse
events and prevent recurrence via comprehensive post-
treatment management. The core objective of this study
is to investigate the association between dietary factors
and treatment-related adverse events in patients with
cancer, with the aim of providing individualised dietary
recommendations to reduce adverse events and enhance
quality of life.

Methods and analysis The study cohort will include

600 participants aged >20 years. The participants will

be assessed for dietary intake, cancer therapy-related
adverse events and single-nucleotide polymorphisms using
genomic DNA extracted from saliva. In addition, general
and clinical information, lifestyle patterns and general/
biochemical data of the blood will also be collected.

The primary outcome is dietary factors that mitigate
chemotherapeutic adverse events, and the secondary
outcome is the association between nutritional status and
survival in Korean patients with cancer. Considering the
potential impact of dietary habits on the adverse events of
cancer treatment, the findings of this study can be used as
a basis for the establishment of new dietary guidelines for
patients with cancer.

Ethics and dissemination The Institutional Review Board
of Severance Hospital, Yonsei University Health System,
Seoul, Korea, approved the study protocol (4-2021-1110).
Further, all participants provided a written informed
consent prior to the study. The findings will be shared via
publications.

INTRODUCTION

Cancer remains one of the foremost chal-
lenges in modern medicine. In South Korea,
it is the leading cause of mortality, with its
prevalence steadily increasing.! In response,

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Prospective cohort design including patients under-
going cancer therapy.

= Comprehensive data collection covering clinical
data, dietary intake, adverse events data and ge-
netic data.

= Inclusion of multiple cancer types allowing identi-
fication of dietary characteristics across different
tumour categories.

= Inclusion of multiple cancer types leading to hetero-
geneity and limited statistical power within specific
subgroups.

= Variability from patient-reported outcomes and un-
controlled treatment factors may influence consis-
tency and interpretation of results.

cancerrelated research is continuously
expanding, with efforts focused on the devel-
opment of novel medications, treatments and
prevention strategies.

Managing potential adverse events during
cancer treatment is essential due to several
reasons. First, it is important for main-
taining and improving the quality of life
(QoL) of patients with cancer. Cancer treat-
ments can often be physically and emotion-
ally burdensome, and patients can maintain
their daily activities and functions with the
proper management of adverse events. This
can increase patient adherence to treat-
ment and, consequently, enhance treatment
outcomes.” > Second, adverse event manage-
ment is important for preventing treatment
discontinuation. If the adverse events are
severe or uncomfortable, patients may find it
difficult to continue with treatment.” This can
compromise treatment efficacy and inhibit
progress. Therefore, it is vital to manage
adverse events to help patients continue with
their treatments. Finally, the management
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of adverse events is crucial for preventing major compli-
cations that may develop during the treatment process.
Some adverse events can progress into severe compli-
cations that seriously threaten a patient’s health. The
proper management of adverse events can decrease the
occurrence of these complications.”

In particular, the importance of dietary management
during cancer treatment cannot be overstated. Cancer
treatments such as chemotherapy and radiation therapy
can take a toll on the body, thereby affecting appetite,
digestion and nutrient absorption. With proper dietary
management, patients can receive adequate nutrition
to support their overall health and help in the recovery
process. Further, good nutrition helps patients maintain
their strength and energy levels,”” which are essential
for coping with the physical and emotional demands of
cancer treatment. Adequate intake of calories, protein,
vitamins and minerals supports muscle function and
overallvitality.” Cancer treatment can weaken the immune
system, making patients more susceptible to infections.” A
well-balanced diet rich in fruits, vegetables, lean proteins
and whole grains provides essential nutrients and anti-
oxidants that support immune function and help the
body fight off infections.'” " Numerous studies have also
suggested that dietary factors may influence treatment
outcomes and the body’s ability to tolerate and respond
to cancer therapy.'*'? By following a healthy diet tailored
to their individual needs, the overall well-being of the
patients may improve, and the efficacy of their treatment
can be enhanced. Most importantly, certain foods and
dietary strategies can help alleviate the common adverse
events of cancer treatment such as nausea, vomiting, diar-
rhoea and mouth sores."* '° For example, bland, easily
digestible foods may be recommended during periods of
digestive discomfort. Meanwhile, cold or soft foods can
soothe mouth sores."”™"’

With consideration of factors such as the patient’s
health status, cancer type and stage, treatment plan
and adverse events, individualised dietary adjustments
can be made to support the patient’s health and opti-
mise treatment outcomes. Moreover, personalised
dietary recommendations, such as offering individu-
alised meal plans, can provide psychological comfort
to patients. If patients feel that their diet is helping
in their treatment, they are more likely to maintain a
positive attitude towards their therapy.'®

Single-nucleotide polymorphisms (SNPs) are small
variations in an individual’s genome that can influ-
ence their susceptibility to certain diseases and their
response to specific nutrients due to their impact on
metabolism or absorption.'” * Therefore, analysing
SNPs allows for the understanding of a patient’s
genetic profile and enables the customisation of
dietary plans tailored to their individual needs. For
example, specific SNP variants may affect the metabo-
lism of antioxidant vitamins such as vitamin C, thereby
potentially affecting responsiveness to cancer treat-
ment and the risk of adverse events.?' In addition,

other SNP variations can alter the activity of drug-
metabolising enzymes involved in cancer therapy,
potentially reducing drug efficacy.** ** Thus, by eval-
uating the genetic profile of patients with cancer via
SNP analysis, treatment outcomes can be optimised,
and adverse events can be reduced. This approach is
considered an important strategy in the cancer treat-
ment process.

To address this issue, a cohort study was initiated to
investigate the association between cancer treatment-
related adverse events and dietary factors among
patients with cancer. This study will evaluate the
types and severity of adverse events experienced by
patients during treatment and examine the associa-
tion between these adverse events and dietary habits.
Further, clinical information and SNP data will be
collected from patients to examine the association
of genes with dietary patterns and the alleviation of
cancer therapy-associated side effects. This research
aimed to provide dietary advice to patients to alleviate
the adverse events of cancer treatment and enhance
their QoL. These findings can contribute to the
understanding of the impact of dietary factors on
cancer treatment outcomes.

METHODS AND ANALYSIS

Study design

A two-site, prospective observational cohort study was
designed to examine the correlation of cancer therapy-
related adverse events and dietary intake. Further,
this research would like to identify whether there are
any changes in their association based on the genetic
characteristics of individuals. The study protocol
(V.1.0) and informed consent forms were approved
by the Institutional Review Board (IRB) of Severance
Hospital, Yonsei University Health System, Seoul,
Korea (IRB No.: 4-2021-1110). The study commenced
in 2022 and is ongoing. Over a period of 5 years,
annual follow-up examinations will be conducted to
collect information from the participants, including
cancer therapy-related adverse events, clinical data
and dietary records (figure 1). Patients and the public
were not involved in the design, conduct, reporting or
dissemination plans of this research.

Eligibility criteria

Inclusion criteria

1. Adult men and women aged >20 years undergoing ra-
diation therapy and/or chemotherapy.

2. Individuals with conditions such as breast, lung and
gastric cancer.
Exclusion criteria

1. Patients with severe cancer (a European Cooperative
Oncology Group Performance Status score of 3).

2. Patients with cognitive impairment or psychiatric dis-
orders.

3. Female patients who are pregnant.
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Figure 1

Study population, recruitment, engagement, consent and
withdrawal

Patient enrolment will take place at Shinchon Severance
Hospital and Yongin Severance Hospital, and the target
number of participants will be 600. Patients who visit the
radiation oncology outpatient clinic and who meet the
inclusion and exclusion criteria will be informed about
the purpose and procedures of the study in a private
setting. After obtaining the written consent from the
patients, screening will be conducted to enroll candidates
suitable for the study. Clinical research nurses will provide
sufficient explanation about the study to the partici-
pants, and consent will be collected on the same day. The
patient will sign the final consent form. Patients will be
ensured that the withdrawal of consent implies discontin-
uation of providing information for the collected data.
Only data with consent from the participants will be used

for research, and data from patients who withdrew their
consent will be discarded.

Sample size

This study is designed to investigate the severity of adverse
events over time and to identify the dietary and genetic
factors associated with their alleviation. For a contin-
uous outcome like severity, a small-to-medium effect size
(Cohen’s d=0.20) was considered clinically relevant, as
defined by Cohen.** Detecting this effect would require
about 787 participants in a single-time design. Our study
is a longitudinal design with five repeated measurements
(baseline plus four follow-ups), which increases statistical
power to detect changes over time. To account for this, we
incorporated the efficiency of repeated measures using
a mixed-effects regression model. Based on a previous
study, we conservatively assumed an intraclass correlation
coefficient (ICC) of 0.75. This relatively high ICC reflects
the expectation that an individual’s adverse event severity
remains fairly stable over time, thereby necessitating a
larger sample to detect a true effect. Under these assump-
tions, the minimal sample size required to maintain 80%
power (0=0.05) was calculated to be approximately 197
participants.”** Considering a 30% dropout rate over the
study period, the recruitment target needed to be about
282 participants to ensure sufficient statistical power at
the final follow-up. To provide sufficient power for our
primary analysis as well as planned exploratory gene—diet
interaction and subgroup analyses by cancer type, we set
our baseline recruitment target at 600 participants. This
number significantly exceeds the minimal requirement,
enabling us to detect smaller effect sizes and providing
sufficient power for more detailed analyses. A target
sample size of 600 ensures a robust study with high statis-
tical power and increases the generalisability and clinical
relevance of our findings.

Patient and public involvement
Patents or the public were not involved in the design,
conduct, reporting or dissemination plans of this research.

Measurement and data collection
The data that should be measured and collected by this
study, along with its frequency, are as follows (table 1):

Self-assessment of the adverse events in cancer therapy

At the time of registration and then annually until the
end of the study in 2026, information on adverse events
will be collected. The current adverse events and their
severity will be assessed by the attending physician using
the Common Terminology Criteria for Adverse Events
(CTCAE) version 5. The patientreported outcomes
(PROs) for adverse events will be evaluated using the
NCI PROs version of the CTCAE (PRO-CTCAE) Items-
Korean version 1. In total, 20 of 78 items will be selected
for the survey based on their relevance to the study. These
included (1) anxiety, (2) arm/leg swelling, (3) constipa-
tion, (4) decreased appetite, (5) dry mouth, (6) fatigue,
(7) hair loss, (8) headache, (9) insomnia, (10) loose
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Table 1 Measurement items and data collection time points
Follow-up
Items Subcategories Baseline 1year 2years 3years 4years
Informed consent — X
Eligibility assessment - X
Demographic characteristics General characteristics X
Lifestyle habits X X X X X
Anthropometric measurement Height, weight and blood pressure X X X X X
Adverse event assessment CTCAE V.5.0 X X X X X
PRO-CTCAE V.1.0 X X X X X
Dietary assessment FFQ for patients with cancer X X X X X
Dietary habits X X X X X
Clinical data collection Medical history X X X X X
Drug and dietary supplement history X X X X X
Surgical treatment status X X X X X
Chemotherapy status X X X X X
Radiation therapy status X X X X X
Laboratory data collection X X X X X
Epithelial cell sampling SNP analysis X

SNP, single-nucleotide polymorphismCTCAE, Common Terminology Criteria for Adverse Events; FFQ, food frequency questionnaire;

PRO-CTCAE, patient-reported outcomes version of the CTCAE.

stools, (11) mouth or throat sores, (12) nausea, (13)
numbness/tingling in the hands or feet, (14) pain, (15)
issues with concentration, (16) problems with tasting
food/drink, (17) rash, (18) sad or unhappy feelings, (19)
shortness of breath and (20) vomiting.

Dietary assessment

Annually, information on the dietary intake of the partic-
ipants will be collected using two methods. First, the food
frequency questionnaire (FFQ) will be used to conduct
an assessment of long-term dietary intake over the course
of 1 year. We will use the FFQ that was developed to assess
the dietary characteristics of patients with cancer.”” The
FFQ comprises 109 food items. Based on the responses,
analysis will be conducted on the patients’ food intake
lists, frequencies and average annual nutritional intake.
In addition, dietary records and patient-reported adverse
event assessment will be conducted at 4-month intervals
during the baseline visit. From the second year onwards,
patients will undergo annual follow-up for 4 years, during
which the FFQ, dietary records and adverse event data
will be collected. Patients will be encouraged to record
all the foods that they consume as comprehensively as
possible during the survey period. Based on these data,
the analysis of nutritional intake during that period and
the derivation of food lists will be possible. In addition, a
survey was conducted to assess the patients’ usual dietary
habits, including meal frequency, snack and eating-out
experiences, meal size and food preferences, as well as
their experiences with foods that helped alleviate adverse
events. No additional dietary restrictions will be applied.

Clinical data

In this study, various items will be collected via medical

records and clinical visits once at the registration point

and annually until the study’s conclusion in 2026. The
collected clinical data are as follows:

1. Current cancer and related disease status: cancer type
and stage, treatment status and recurrence status.

2. Surgical treatment status: type and date of surgery.

3. Chemotherapy status: current or previous chemo-
therapy types, medication used and treatment dura-
tion.

4. Radiation therapy status: radiation treatment area,
dose, number of sessions, treatment modalities and
date.

5. Blood test results: complete blood count test (such as
white cell count, red cell count and platelet count) and
routine chemistry test (such as albumin and creatinine
levels).

6. Chemotherapy and radiation adverse events and
scores: fatigue, weight loss, weight gain, anorexia,
diarrhoea, constipation, nausea, vomiting, abdomi-
nal pain, taste disturbance, dysphagia, mucositis, dry
mouth, oral pain, oesophageal pain, dyspnoea, cough,
joint pain, peripheral neuropathy, chest pain, hyper-
tension, dermatitis, rash and itching. The physician
assessment of adverse events in cancer therapy will be
essentially performed during the clinical visit once at
the registration point.

4
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Other data

In this study, additional surveys related to the lifestyle of

participants will also be performed, and the following

information will be collected:

1. Other surveys: general information (such as education,
income, marital status and occupation), lifestyle hab-
its (such as alcohol consumption, smoking, exercise,
health status, stress, depression and sleeping hour),
medical history, intake of health supplementation,
female history (age at menarche, menopause status),
and physical measurements (such as height, weight
and blood pressure).

2. Dietary habits: meal frequency, skipping meals, reg-
ularity of mealtimes, snack frequency and type, fre-
quency of eating out, removal of fat from meat, meal
portion, mealtimes, consumption of food variety, pre-
ferred flavours, preference of hot food.

Genomic data

Sample preparation

For SNP analysis, oral epithelial cell samples were
collected using the Buccal collection kit (ACNZ21.01,
AccuGene) based on the manufacturer’s instructions.
The whole process of DNA extraction will be performed
by LabGenomics (LabGenomics, Seongnam, Republic
of Korea). The quality of the extracted double-stranded
DNA was confirmed using the QuantiT PicoGreen ds
DNA Reagent Kit (Invitrogen, California, USA).

Microarray analysis

To perform the microarray analysis, a genome back-
ground analysis was conducted using the Axiom Korean
Biobank Array 1.1, which comprises 827000 SNP marker
chipset data (table 2). All equipment and resources
required for the Axiom 2.0 Assay with automated target
preparation will be in the Axiom 2.0 Assay Automated
Workflow User Guide (Affymetrix, Santa Clara, Cali-
fornia, USA, P/N 702963). The genomic DNA will
be amplified, fragmented, purified and denatured
according to the established processes. The hybridisation
will proceed in accordance with the protocol outlined
in the User’s Manual for the GeneTitan Multichannel
Instrument (Affymetrix, P/N 08-0306), using the Axiom
Peanut Genotyping Array. After ligation, the arrays will
undergo staining and be subjected to imaging using the
GeneTitan Multichannel Instrument. The image will be
subsequently processed using the user manual of the Affy-
metrix GeneChip Command Console Software (Affyme-
trix, P/N 702569). LabGenomics will conduct the whole
microarray analysis procedure.

Analysis of SNP

SNP analysis was performed using the rMVP package
(V.1.L1.1) in R V.4.2.1. In brief, all samples were initially
filtered using a minor allele frequency threshold of 0.05
and a missing rate threshold of 0.05. Subsequently, for
the control samples of each anticancer drug adverse
event, an additional filtering step was conducted using

Table 2 The Korea Biobank Array: design and identification
of coding variants

Number of Contents
Category SNPs* (%)
Tag SNP for genome-wide 600294 72.02
coverage
Functional loci 208039 24.96
(nonsynonymous SNPs and
Indels)
Expression Quantitative Trait 16690 2.00
Loci
Human leucocyte antigen 6659 0.80
Fingerprint 255 0.03
NHGRI GWAS catalogue 7811 0.94
Killer cell immunoglobulin-like 1544 0.19
receptor
Pharmacogenetics/ 1881 0.23
absorption, distribution,
metabolism and excretion
Common mitochondrial DNA 178 0.02
variants
Y chromosome markers 806 0.10
Total 833535 100

*Some SNPs overlap among the categories.

NHGRI GWAS, National Human Genome Research Institute
Genome-Wide Association Study Catalog; SNPs, single-nucleotide
polymorphisms.

a Hardy-Weinberg equilibrium threshold of 0.001. The
generalised linear model method was then employed
to select SNPs with a p<0.00001. Finally, the annotation
of the selected SNPs was carried out using the Korea
Biobank Array annotation database (V.1.1).

Management, storage and disposal plan for the collection of
human-derived materials and genetic information

For patients who provided consent to this study, swab
samples will be taken from oral epithelial cells to collect
genetic information. Samples will be collected using a
dedicated oral epithelial cell collection kit provided to
the patient, who will obtain the sample themselves and
submit it to the research nurse. Patient registration infor-
mation will be encrypted and stored separately. Samples
will be sent to an analysis facility under the management
of the principal investigator (PI) for SNP analysis. The
study participants may discontinue sample collection or
withdraw consent at any time during the sample acqui-
sition process if they do not wish to proceed. If a partic-
ipant no longer wishes for their sample to be used in
this study, they must inform their attending physician.
The attending physician will ensure that the sample is
disposed of. Samples that have already undergone testing
cannot be withdrawn and will be included in the analysis
or publication. Additional testing will not be conducted
by default. However, if there is an insufficient sample
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quantity for DNA extraction, additional testing may be
conducted with the patient’s consent. The remaining
samples used for research will be retained until the point
of consent withdrawal by the research participant. If a
patient withdraws consent for the storage and use of their
sample at any time, the sample will be discarded.

Outcomes

Primary outcome

The primary outcome is the identification of dietary
factors associated with the alleviation of cancer-related
adverse events.

Secondary outcomes

The secondary outcome is the association between an
individual’s genotype and cancerrelated adverse events.
In addition, the association between nutritional status
and survival in cancer patients, as well as the association of
dietary patterns with cancer recurrence, will be evaluated.

Data management and quality assurance

All research data will be securely stored and managed
in compliance with applicable data protection laws. The
technical appendix, statistical code and dataset will be
stored in a local server with restricted access. Patient infor-
mation will be kept confidential and handled according
to the Trust policies. To prevent the disclosure of the
personal information of the participants, all aggregated
data will be coded to ensure that individual identification
is not possible. Patient identifiable data and information
will be separated from non-identifiable data and stored
separately. Each patient will be assigned a unique study ID
number, which will be used in all study documentation.
Access to the data during the study will be restricted to
the PI and research personnel authorised by the PI. The
study will be conducted in compliance with a protocol
approved by the Institutional Review Board. Data safety
monitoring will be conducted annually to once a year to
ensure accuracy and completeness.

Statistical analysis and consideration

1. Descriptive statistics: Analysis of general and disease-
related characteristics, symptoms, and dietary factor
survey data.

2. T-test, ) test: Analysis of general and disease-related
characteristics, symptoms and dietary factor survey
data.

3. Logistic regression analysis, Cox proportional hazards
analysis: Analysis of the association between adverse
events during cancer treatment and dietary factors.

4. Generalised linear model: Analysis of SNPs to identify
genetic variants associated with adverse events during
cancer treatment.

5. A p<0.05will be considered to indicate statistically sig-
nificant differences, and all statistical analyses will be
performed using the Statistical Package for the Social
Sciences software V.26.0 (IBM) and the SAS software
V.9.4 (SAS Institute).

6. Missing data management plan: Excluding patients
with missing data may introduce bias. Thus, analyses
of all patients regardless of missing data will be con-
ducted.

7. Subgroup analyses: Subgroup analyses will be per-
formed for cancer types with a higher nutritional
impact to investigate the association between cancer
treatmentrelated adverse events and dietary factors in
addition to overall cohort analyses.

DISCUSSION

To the best of our knowledge, this is the first cohort study
that simultaneously examines the adverse events, dietary
habits and genotypes of patients with cancer. Cancer is
the second most common cause of mortality globally,
accounting for 10 million fatalities in 2020. To overcome
this challenge, several anticancer therapeutic strategies
are currently applied, and efforts are currently exerted to
develop novel drugs. However, the efficacy of anticancer
therapy has long been hindered by its collateral damage
to normal tissues.

Conventional chemotherapy and radiotherapy cannot
differentiate normal from cancerous cells, and their effi-
cacy is dependent on their cell-destructing effects.®® *
In recent years, immune checkpoint inhibitors, which
are widely used, are associated with well-defined toxicity
profiles that include immune-mediated adverse events
affecting various organs.”’ The inevitable damage to
healthy cells during anticancer treatments can lead to
adverse events. Thus, it can be a major determinant of
treatment strategies and the QoL of patients. Several
factors contribute to the development of anticancer
treatmentrelated adverse events. These include treat-
ment duration, treatment type and dosage,‘%1 interactions
with other medications,32 the overall health and pre-
existing conditions of the patients,” individual genetic
factors,”® and dietary and lifestyle habits.”” ** Overall,
these various factors collectively contributed to the devel-
opment of adverse events during anticancer therapy.

Cohort studies focusing on patients with cancer
primarily evaluate prognosis and survival, assess treat-
ment response and adverse events, and investigate
associated lifestyle factors, aiming to improve cancer
management strategies. To date, research on cancer
and nutrition has predominantly focused on preven-
tion,”” with limited studies addressing treatment and
healthcare. In this regard, studies exploring the associ-
ation between nutrition and cancer treatment are highly
valuable. Di Fiore et al evaluated the association between
nutritional status during treatment and increased
therapy-related toxicity, recurrence or mortality in 101
patients with oesophageal cancer.”™ Zahn et al conducted
a prospective, single-arm, observational study involving
40 patients with head and neck cancer undergoing radi-
ation therapy to evaluate the effect of nutrition on oral
mucositis.™ de Vries et al performed an observational
study comparing chemotherapy-related symptoms and
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dietary characteristics among 117 patients with breast
cancer undergoing chemotherapy using FFQ and
24-hour recalls.” [Jpma et al examined the impact of
cisplatin-based chemotherapy on changes in gustatory
and olfactory functions, food preferences, dietary intake
and body composition in 12 patients with testicular
cancer.”’ Although conducted on a limited population,
these cohort studies have several strengths. In particular,
they have clearly established temporal causality, are appli-
cable in real-world settings, have long-term follow-up
and diverse outcome measurement, and have controlled
confounding variables.

Our study has the following strengths: First, as
a cohort study that does not differentiate specific
types of cancer, it has the advantage of including
patients with various cancer types. This will allow for
a broader generalisation of the study findings, which
is beneficial for evaluating treatment strategies and
attenuating adverse events in different patients with
cancer in actual clinical settings. Second, a large-scale
cohort study can facilitate the collection of diverse
data points and long-term tracking, which can effi-
ciently evaluate long-term outcomes and treatment
effects, enable control over various confounding vari-
ables and facilitate a more precise understanding of
outcomes within specific population subgroups via
diverse subgroup analyses. Third, by analysing both
dietary and genomic data, we can identify how specific
genetic markers interact with dietary factors, which
can potentially influence cancer progression, treat-
ment response, overall prognosis and adverse events.
This will provide opportunities for the provision of
personalised treatment approaches that consider
both genetic predispositions and dietary influences.
Fourth, the simultaneous collection of dietary and
genomic data enhances the predictive power of
studies. Researchers can identify genetic markers
associated with dietary patterns to help predict treat-
ment outcomes and the risk of adverse events, thereby
improving the accuracy of prognosis prediction. Fifth,
as a prospective study, it will evaluate the effect of
dietary factors and genomic characteristics on the
risk of recurrence or long-term survival via tracking.
This will play an essential role in predicting long-term
health outcomes in patients with cancer and in devel-
oping individualised strategies for recurrence preven-
tion. Our study undoubtedly has strengths. However,
it also has some limitations: First, due to the nature
of the study, the sample size of specific groups with
cancer may be small, thereby limiting generalisability.
Second, our study will attempt to collect specific
dietary data using the FFQ and use PRO-CTCAE for
assessing adverse events. Nevertheless, there may be
limitations in terms of the tools or methods used to
accurately collect such data. Third, assessments of
dietary habits and adverse events often vary subjec-
tively among patients or researchers, potentially
lacking objectivity. Fourth, it will be challenging to

completely control individual factors or treatment
characteristics among patients, which can impact
the interpretation of results. Fifth, most importantly,
changes in dietary habits during cancer treatment can
affect the consistency of long-term tracking data.

Despite these limitations, the results derived from
the cohortstudy proposed here will be crucial for devel-
oping effective strategies that can alleviate adverse
events in patients with cancer, thereby enhancing
treatment efficacy and improving QoL based on
dietary factors. Further, the analysis of genomic data
will be valuable in testing whether these strategies can
be tailored to individual patients, thereby enabling
personalised nutrition/treatment approaches. Our
study will contribute to the advancement of methods
for collecting and evaluating information such as
dietary habits, adverse events and genomic character-
istics in patients undergoing treatment. In the long
term, we believe that our study will enhance the QoL
of patients by providing appropriate dietary guidance
during cancer treatment.

Ethics and dissemination

This study will be conducted based on a protocol
approved by the IRB of Severance Hospital, Yonsei
University Health System, Seoul, Korea (4-2021-1110).
Any changes, violations or other events occurring in
the study will be reported to the IRB. Access to the
data derived from the study will be restricted to the PI
and authorised researchers. Findings obtained from
the study may be published in peer-reviewed journals
or presented at relevant academic conferences to
contribute to cancer treatment and prevention.

Author affiliations

'Food Functionality Research Division, Korea Food Research Institute, Wanju-gun,
Korea (the Republic of)

%Department of Radiation Oncology, Yonsei University College of Medicine,
Seodaemun-gu, Seoul, Korea (the Republic of)

SDepartment of Food and Nutrition, College of Bionanotechnology, Gachon
University, Seongnam-si, Gyeonggi-do, Korea (the Republic of)

Acknowledgements The authors want to sincerely thank the participants for
their involvement in the study despite the challenging circumstances and wish
them a speedy recovery. We also extend our gratitude to all the investigators who
contributed to this research.

Contributors S-HP and HKB made substantial contributions to the conception
and design of this project and drafted the manuscript. S-JP and JL were involved
in drafting the manuscript and in charge of the statistical analysis. H-JL and H-KC
conceived, designed and supervised this project and wrote the manuscript. S-HP
and HKB are joint first authors. H-JL and H-KC are joint corresponding authors.
H-KC is the guarantor.

Funding This research was supported by the Main Research Program (E0210400,
H-KC) of the Korea Food Research Institute funded by the Ministry of Science and
ICT.

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Provenance and peer review Not commissioned; externally peer reviewed.

Park S-H, et al. BMJ Open 2025;15:¢101661. doi:10.1136/bmjopen-2025-101661



20 Chen M, Chen W. Single-nucleotide Polymorphisms in Medical
Nutritional Weight Loss: Challenges and Future Directions. J Trans/
Int Med 2022;10:1-4.

21 Michels AJ, Hagen TM, Frei B. Human genetic variation influences

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,

and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Hyo-Kyoung Choi https://orcid.org/0000-0001-9424-0432

REFERENCES

1

Hong S, Won Y-J, Park YR, et al. Cancer Statistics in Korea:
Incidence, Mortality, Survival, and Prevalence in 2017. Cancer Res
Treat 2020;52:335-50.

Liu D, Weng J-S, Ke X, et al. The relationship between cancer-related

22

23

24

25

vitamin C homeostasis by altering vitamin C transport and
antioxidant enzyme function. Annu Rev Nutr 2013;33:45-70.

Charo LM, Homer MV, Natarajan L, et al. Drug metabolising enzyme
polymorphisms and chemotherapy-related ovarian failure in young
breast cancer survivors. J Obstet Gynaecol 2021;41:447-52.

Li J, Bluth MH. Pharmacogenomics of drug metabolizing enzymes
and transporters: implications for cancer therapy. Pharmgenomics
Pers Med 2011;4:11-33.

Cohen J. Statistical power analysis for the behavioral sciences. 2nd
edn. 1988.

Koo TK, Li MY. A Guideline of Selecting and Reporting Intraclass
Correlation Coefficients for Reliability Research. J Chiropr Med
2016;15:155-63.

; ; ; ; : : 26 Walter SD, Eliasziw M, Donner A. Sample size and optimal designs
fzaglzgsu?bqllﬁl% of life and pain among cancer patients. Int J Nurs Sci for reliability studies. Stat Med 1998;17:101-10.

3 Mazzotti E, Antonini Cappellini GC, Buconovo S, et al. Treatment- 27 Lee S-A, Choi H-K, Parlk S'J.’ etal. Develo_pment and \/glldahon ofa
related side effects and quality of life in cancer patients. Support Food Frequency Questionnaire for Evaluating the Nutritional Status
Care Cancer 2012:20:2553—7. of Patients with Cancer. Nutrients 2023;15:1009.

4 O’Connell NS, Zha’o F, Lee J-W, et al. Importance of Low- and 28 Hubenak JB, Zhang Q, Bra_nch CD, et al. Mechanisms of Injury
Moderate-Grade Adverse Events in Patients’ Treatment Experience to Normal Tissue after Radiotherapy. Plast Reconstr Surg (1946)
and Treatment Discontinuation: An Analysis of the E1912 Trial. J Clin 2014;133:49e-56e. )
Oncol 2024:42:266-72. 29 Keefe DMK,_Bateman EH. _Tumor control versus adverse events with

5 Gegechkori N, Haines L, Lin JJ. Long-Term and Latent Side Effects targeted anticancer therapies. Nat Rev Clin Oncol 2011;9:98-109.
of Specific Cancer Types. Med Clin North Am 2017;101:1053-73. 30 JingY, Chen X, Li K, et al. Association of antibiotic treatment with

6 Benna-Doyle S, Baguley BJ, Laing E, et al. Nutritional interventions immune-related adverse events in patients with cancer receiving
during treatment for ovarian cancer: A narrative review and immunotherapy. J Immunother Cancer 2022;10:e003779.
recommendations for future research. Maturitas 2024;183. 31 Lustberg MB, Kuderer NM, Desai A, et al. Mitigating long-term

7 Milliron B-J, Packel L, Dychtwald D, et al. When Eating Becomes and delayed adverse events associated with cancer treatment:
Torturous: Understanding Nutrition-Related Cancer Treatment implications for survivorship. Nat Rev Clin Oncol 2023;20:527-42.
Side Effects among Individuals with Cancer and Their Caregivers. 32 Weingart SN, Zhang L, Sweeney M, et al. Chemotherapy medication
Nutrients 2022:14:356. errors. Lancet Oncol 2018;1 9:e191—9.

8 Pradhan R, Dieterich W, Natarajan A, et al. n.d. Influence of Amino 33 Omar S, James L, Colantonio A, et al. Integrated care pathways for
Acids and Exercise on Muscle Protein Turnover, Particularly in Black persons with traumatic brain injury: a protocol for a critical
Cancer Cachexia. Cancers (Basel)16:1921. transdisciplinary scoping review. Syst Rev 2020;9:124.

9 Delgado A, Guddati AK. Infections in Hospitalized Cancer Patients. 34 Basak D, Arrighi S, Darwiche Y, et al. Comparison of Anticancer
World J Oncol 2021;12:195-205. Drug Toxicities: Paradigm Shift in Adverse Effect Profile. Life (Basel)

10 Khan J, Gul P, Rashid MT, et al. Composition of Whole Grain Dietary 2021;12:48. » _ o
Fiber and Phenolics and Their Impact on Markers of Inflammation. 35 Mercier BD, Tizpa E, Philip EJ, et al. Dietary Interventions in Cancer
Nutrients 2024:16:1047. Treatment and Response: A Comprehensive Review. Cancers (Basel)
11 Kim YS, Sayers TJ, Colburn NH, et al. Impact of dietary components 2022;14:5149. . . . .
on NK and Treg cell function for cancer prevention. Mol Carcinog 36 Xiao Y-L, GongY, Qi Y-J, et al. Effects of dietary intervention on
2015;54:669-78. human diseases: molecular mechanisms and therapeutic potential.
12 Plotti F, Terranova C, Luvero D, et al. Diet and Chemotherapy: Signal Transduct Target Ther 2024;9:59. .
The Effects of Fasting and Ketogenic Diet on Cancer Treatment. 37 Alegria-Lertxundi |, Aguirre G, Bujanda L, et al. Gene-Diet
Chemotherapy 2020;65:77-84. Interactions in Colorectal Cancer: Survey Design, Instruments,
13 Miller KR, Bozeman MC. Nutrition therapy issues in esophageal Participants and Descriptive Data of a Case-Control Study in the
cancer. Curr Gastroenterol Rep 2012;14:356-66. Basque Country. Nutrients 2020;12:2362. N
14 Uster A, Ruehlin M, Mey S, et al. Effects of nutrition and physical 38 DiFiore A, Lecleire S, Gangloff A, et al. Impact of nutritional
exercise intervention in palliative cancer patients: A randomized parameter variations during definitive chemoradiotherapy in locally
controlled trial. Clin Nutr 2018;37:1202-9. advanced oesophageal cancer. Dig Liver Dis 2014;46:270-5.
15 Ackerman D, Laszlo M, Provisor A, et al. Nutrition Management 39 Zahn KL, Wong G, Bedrick EJ, et al. Relationship of protein and
for the Head and Neck Cancer Patient. Cancer Treat Res calorie intake to the severity of oral mucositis in patients with
2018;174:187-208. head and neck cancer receiving radiation therapy. Head Neck
16 Shaw C. Management of diet in gastrointestinal cancer. Proc Nutr 2012;34:655-62.
Soc 2021;80:65-72. 40 de Vries YC, van den Berg MMGA, de Vries JHM, et al. Differences
17 Al-Amouri FM, Badrasawi M. Taste alteration and its relationship with in dietary intake during chemotherapy in breast cancer patients
nutritional status among cancer patients receiving chemotherapy, compared to women without cancer. Support Care Cancer
cross-sectional study. PLoS One 2024;19:e0302990. 2017;25:2581-91.
18 Hopanci Bigakl D. Individualized nutritional management for cancer 41 IJpma |, Renken RJ, Gietema JA, et al. Changes in taste and smell
patients: a key component of treatment. Clin Sci Nutr 2024;7:131-40. function, dietary intake, food preference, and body composition in
19 Kiani AK, Bonetti G, Donato K, et al. Polymorphisms, diet and testicular cancer patients treated with cisplatin-based chemotherapy.
nutrigenomics. J Prev Med Hyg 2022;63:E125-41. Clin Nutr 2017;36:1642-8.
8 Park S-H, et al. BMJ Open 2025;15:101661. doi:10.1136/bmjopen-2025-101661


http://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0001-9424-0432
http://dx.doi.org/10.4143/crt.2020.206
http://dx.doi.org/10.4143/crt.2020.206
http://dx.doi.org/10.1016/j.ijnss.2022.12.006
http://dx.doi.org/10.1007/s00520-011-1354-y
http://dx.doi.org/10.1007/s00520-011-1354-y
http://dx.doi.org/10.1200/JCO.23.00377
http://dx.doi.org/10.1200/JCO.23.00377
http://dx.doi.org/10.1016/j.mcna.2017.06.003
http://dx.doi.org/10.1016/j.maturitas.2024.107938
http://dx.doi.org/10.3390/nu14020356
http://dx.doi.org/10.3390/cancers16101921
http://dx.doi.org/10.14740/wjon1410
http://dx.doi.org/10.3390/nu16071047
http://dx.doi.org/10.1002/mc.22301
http://dx.doi.org/10.1159/000510839
http://dx.doi.org/10.1007/s11894-012-0272-6
http://dx.doi.org/10.1016/j.clnu.2017.05.027
http://dx.doi.org/10.1007/978-3-319-65421-8_11
http://dx.doi.org/10.1017/S0029665120007041
http://dx.doi.org/10.1017/S0029665120007041
http://dx.doi.org/10.1371/journal.pone.0302990
http://dx.doi.org/10.62210/ClinSciNutr.2025.109
http://dx.doi.org/10.15167/2421-4248/jpmh2022.63.2S3.2754
http://dx.doi.org/10.2478/jtim-2022-0002
http://dx.doi.org/10.2478/jtim-2022-0002
http://dx.doi.org/10.1146/annurev-nutr-071812-161246
http://dx.doi.org/10.1080/01443615.2020.1754369
http://dx.doi.org/10.2147/PGPM.S18861
http://dx.doi.org/10.2147/PGPM.S18861
http://dx.doi.org/10.1016/j.jcm.2016.02.012
http://dx.doi.org/10.1002/(sici)1097-0258(19980115)17:13.0.co;2-e
http://dx.doi.org/10.3390/nu15041009
http://dx.doi.org/10.1097/01.prs.0000440818.23647.0b
http://dx.doi.org/10.1038/nrclinonc.2011.192
http://dx.doi.org/10.1136/jitc-2021-003779
http://dx.doi.org/10.1038/s41571-023-00776-9
http://dx.doi.org/10.1016/S1470-2045(18)30094-9
http://dx.doi.org/10.1186/s13643-020-01323-8
http://dx.doi.org/10.3390/life12010048
http://dx.doi.org/10.3390/cancers14205149
http://dx.doi.org/10.1038/s41392-024-01771-x
http://dx.doi.org/10.3390/nu12082362
http://dx.doi.org/10.1016/j.dld.2013.10.016
http://dx.doi.org/10.1002/hed.21795
http://dx.doi.org/10.1007/s00520-017-3668-x
http://dx.doi.org/10.1016/j.clnu.2016.10.013

	Dietary habits and genetic factors associated with the alleviation of cancer therapy-­related adverse events: a protocol for a prospective observational cohort study
	Abstract
	Introduction﻿﻿
	Methods and analysis
	Study design
	Eligibility criteria
	Study population, recruitment, engagement, consent﻿﻿﻿﻿ and withdrawal
	Sample size
	Patient and public involvement

	Measurement and data collection
	Self-assessment of the adverse events in cancer therapy
	Dietary assessment
	Clinical data
	Other data
	Genomic data
	Sample preparation
	Microarray analysis
	Analysis of SNP


	Management, storage﻿﻿﻿﻿ and disposal plan for the collection of human-derived materials and genetic information
	Outcomes
	Primary outcome
	Secondary outcomes

	Data management and quality assurance
	Statistical analysis and consideration

	Discussion
	Ethics and dissemination

	References


