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Abstract

Background Numerous studies have been conducted to manage anemia in surgical patients through iron sup-
plementation as an alternative to blood transfusion. However, patients with locally advanced rectal cancer have
often been excluded from these studies, due to their standard treatment involving neoadjuvant chemoradiotherapy.
This study aims to evaluate the impact of intravenous versus oral iron supplementation on iron deficiency anemia

in patients with rectal cancer receiving preoperative chemoradiotherapy.

Methods This open-label, single-center, parallel, superiority, randomized trial includes patients with primary rectal
cancer who are candidates for preoperative chemoradiotherapy and have confirmed iron-deficiency anemia. A total
of 94 patients will be randomly assigned in a 1:1 ratio to receive either intravenous or oral iron supplementation. Strat-
ification factors include age (> 70 vs.< 70 years) and baseline serum hemoglobin levels (7-10 g/dL vs. 10-13 g/dL).
The primary endpoint is the percentage of patients achieving normalized hemoglobin levels from the start of treat-
ment to the day of admission for surgery. Secondary endpoints include changes in serum hemoglobin from baseline
to postoperatively, changes in iron assay parameters, time needed to hemoglobin normalization, volume of blood
transfusions required, and incidence of postoperative complications.

Discussion This study is the first randomized controlled trial investigating the effect of iron supplementation in iron-
deficient patients with rectal cancer undergoing neoadjuvant chemoradiotherapy. This trial is expected to provide
evidence for the benefits of administering iron supplementation in patients with rectal cancer undergoing neoadju-
vant chemoradiotherapy.

Trial registration Clinical Research Information Service (CRIS) of Republic of Korea, KCT0009260, Registered
on March 21, 2024.
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clinical-trials/).
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Introduction

Background and rationale {6a}

The incidence of colorectal cancer (CRC) ranks third
among all cancers, and CRC is the second most com-
mon cause of cancer-related mortality [1]. Rectal cancer
accounts for approximately 38% of CRC cases [2], with
46% of rectal cancer patients reported to experience
anemia [3]. Among these patients, iron deficiency ane-
mia (IDA) is the most prevalent type, accounting for up
to 80% of anemia cases in rectal cancer [4]. Preoperative
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anemia in surgical patients is an independent risk factor
for increased postoperative complications, prolonged
hospital stays, and higher rates of 30-day morbidity and
mortality [5-8]. To mitigate these adverse effects and
complications and to improve recovery, the Enhanced
Recovery After Surgery Society guidelines emphasized
correcting anemia before surgery as part of prehabilita-
tion [9].

Three strategies are commonly performed to correct
anemic states: erythropoietin therapy, blood transfusion,
and iron supplementation. However, the use of eryth-
ropoietin in cancer patients has been associated with
increased risks of deep vein thrombosis or pulmonary
embolism [10], and a 17% increase in overall mortality in
cancer patients has been reported regarding erythropoi-
etin-stimulating agents [6]. Additionally, several meta-
analyses on perioperative transfusions in cancer surgery
have found an increased risk of post-operative infection
and surgical re-intervention as well as decreased overall
and cancer-specific survival [5, 11]. Current guidelines
for preoperative and postoperative care generally recom-
mend minimizing blood transfusions [9]. For these rea-
sons, iron supplementation is likely the most desirable
and appropriate method for patients with preoperative
anemia.

Two methods of iron supplementation are available:
oral medication and intravenous infusion. While oral
iron administration is considerably less expensive than
intravenous supplementation, it is often associated with
gastrointestinal side effects such as constipation, diar-
rhea, or abdominal pain [12]. Conversely, intravenous
iron supplementation is generally well tolerated, though
it carries risks of allergic and infusion reactions [10]. A
randomized controlled trial comparing oral versus intra-
venous iron supplementation found that intravenous
iron supplementation was associated with fewer anemic
patients at the time of surgery and better quality of life
scores [13, 14].

Previous studies have explored the correction of preop-
erative anemia through iron supplementation in patients
who were not undergoing neoadjuvant treatment [14—
16]. In these studies, elective surgeries were performed
without delay, occurring 2 to 3 weeks after intravenous
iron supplementation. Based on the results of these stud-
ies, a longer duration was suggested to achieve adequate
increases in hemoglobin levels [17]. In this context, for
patients with locally advanced rectal cancer who were
excluded from previous research, neoadjuvant chemo-
radiotherapy (CRT) is routinely performed, requiring
approximately 3 months from CRT to surgery. Talboom
et al. [16] showed that it took 2 to 3 months for over 75%
of patients to achieve anemia correction after receiving
intravenous iron administration.
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Objectives {7}

Our study focused on the correction of preoperative IDA
in patients with locally advanced rectal cancer. For these
patients, preoperative CRT followed by surgery is the
standard treatment, allowing sufficient time to correct
IDA before surgery. Therefore, we designed this rand-
omized controlled trial to identify the effect of intrave-
nous and oral iron supplementation for IDA in patients
with rectal cancer undergoing neoadjuvant CRT.

The primary objective of this study is to evaluate the
percentage of patients who have recovered from IDA
on the day of admission for surgery following iron sup-
plementation in conjunction with CRT. As secondary
objectives, we will assess serum hemoglobin levels, iron
assay parameters (serum iron, ferritin, total iron-bind-
ing capacity [TIBC]), length of hospital stay, time inter-
val to achieve normalized serum hemoglobin, the need
for and volume of blood transfusions, and perioperative
complications.

Trial design {8}

This is an open-label, single-center, parallel, superiority,
randomized, phase IV trial with a 1:1 allocation ratio to
either the intravenous iron infusion or oral iron admin-
istration. The study flow of the assessment, intervention,
and follow-up is shown in Fig. 1.

Methods: participants, interventions and outcomes
Study setting {9}

Patients eligible for this clinical trial will be enrolled at
the Chonnam National University Hwasun Hospital in
the Republic of Korea.

Eligibility criteria {10}

Patients with primary rectal cancer without distant
metastasis are eligible if they meet the following inclu-
sion criteria: over 20 years of age, agree to participate in
the study and sign the clinical trial consent form; have
IDA (serum hemoglobin<12 g/dL for women or<13 g/
dL for men, serum ferritin<30 ng/mL, serum trans-
ferrin saturation<20%), and are scheduled to receive
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neoadjuvant CRT. Distant metastasis is defined as the
presence of cancerous lesions beyond the primary tumor
site, identified in other organs or the peritoneum through
imaging studies.

Patients meeting at least one of the following criteria
are ineligible from this trial: cases requiring emergency
surgery (e.g., obstruction, or perforation), received a
blood transfusion within 1 month of screening, serum
ferritin >800 ng/mL, women who are pregnant or non-
compliance to contraceptive methods, cases with cancers
other than rectal cancer, stage IV rectal cancer patients
who are not candidates for neoadjuvant CRT, patients
receiving treatments other than neoadjuvant CRT, cases
contraindicated for the use of Ferinject Injection or
Feroba-you tablet, the American Society of Anesthesiolo-
gists score>3, use of erythropoietin-stimulating agents
within 3 months of screening, chronic renal disease (glo-
merular filtration rate < 30 mL/min/m?), serum aspartate
aminotransferase (glutamic oxalacetic transaminase) and
alanine aminotransferase (glutamic pyruvic transami-
nase) levels more than 3 times the normal range, myel-
odysplastic syndrome, hereditary hemochromatosis,
thalassemia, hemolytic anemia, history of abdominal sur-
gery (excluding appendectomy, cholecystectomy, benign
gynecological surgeries such as oophorectomy, cesarean
section, and simple hysterectomy for fibroids).

Who will take informed consent? {26a}

The surgeon responsible for each enrolled patient will
explain this trial at their outpatient clinic and obtain
informed consent.

Additional consent provisions for collection and use

of participant data and biological specimens {26b}

N/A. There will be no additional data collection for ancil-
lary studies.

Interventions

Explanation for the choice of comparators {6b}

Feroba-you tablet is a dried ferrous sulfate that is widely
used in actual clinical practice for oral iron supplementa-
tion, and its safety is tolerable, so it was designated as a
comparator.

Intervention description {11a}

Iron supplementation will be initiated on the day of rand-
omization. Patients assigned to the intravenous iron sup-
plementation group will receive ferric carboxymaltose
in doses based on body weight and serum hemoglobin
levels (Table 1). Patients with serum hemoglobin<10 g/
dL (6.2 mmol/L) will receive a dose of 1500 mg if their
weight is 35 to 70 kg or 2000 mg if over 70 kg. Patients
with serum hemoglobin>10 g/dL (6.2 mmol/L) will
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Table 1 Cumulative dose of ferric carboxymaltose based on
body weight and serum hemoglobin

Serum hemoglobin (g/  Patient weight: 35 to Patient

dL) 70 kg weight:>70 kg
<10 1500 mg 2000 mg
>10 1000 mg 1500 mg

receive a dose of 1000 mg if their weight is 35 to 70 kg
or 1500 mg if over 70 kg. The dose per administration
should not exceed 1000 mg, and administrations should
not occur more than once per week. Therefore, if an addi-
tional infusion for the remainder of the dose is required,
it will be administered 1 week after the initial infusion.
Patients assigned to the oral iron supplementation group
will take 256 mg of ferrous sulfate, two tablets a day (one
in the morning and one in the evening), for a total daily
dose of 512 mg, until the day before surgery. If anemia
persists after surgery, they will continue taking the oral
medication until the anemia is corrected. Ferric carboxy-
maltose will be administered intravenously by clinical
staff in a designated injection room, following protocol
guidelines, while ferrous sulfate will be self-administered
orally by patients based on the dosage instructions pro-
vided by the study team.

Criteria for discontinuing or modifying allocated
interventions {11b}

Participants are free to discontinue their participation
at any time, for any reason, without any consequences.
If a participant meets previously unrecognized exclu-
sion criteria or develops an urgent medical condition that
disqualifies participating, the investigator may choose to
discontinue their participation in this study. If a patient
discontinues from the trial, all data collected up to the
point of discontinuation will be retained and included in
the final analysis unless the patient explicitly requests the
deletion of their data. No modifications to the interven-
tion are planned for this trial. Any unforeseen changes
will be documented and considered in the data analysis.

Strategies to improve adherence to interventions {11c}
Patients taking oral iron supplementation will receive
a medication diary to improve adherence and maintain
their medications as planned. The daily intake of oral iron
recorded by participants will be reviewed to measure
adherence.

Relevant concomitant care permitted or prohibited

during the trial {11d}

Blood transfusions will be permitted based on inter-
national guidelines [18]. Transfusions will be admin-
istered when serum hemoglobin is below 7 g/dL for
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hematologically stable adult patients and below 8 g/dL
for patients with cardiovascular disease.

Provisions for post-trial care {30}

In case of any adverse events related to the research pro-
cedures, appropriate medical treatment will be provided,
and compensation will be given based on the established
regulations of our institution.

Outcomes {12}

Our primary endpoint is the percentage of patients
achieving normalization of serum hemoglobin lev-
els on the day of admission for surgery (serum hemo-
globin>12 g/dL for women and>13 g/dL for men).
Our secondary endpoints include serum hemoglobin
levels, iron assay parameters (serum iron, ferritin,
TIBC), length of hospital stay, time interval to achieve
normalized serum hemoglobin levels, the necessity
and volume of blood transfusions, and perioperative
complications (Clavien-Dindo classification, Compre-
hensive Complication Index) [19, 20]. Blood samples
to assess hemoglobin will be taken at baseline, after
CRT, at admission, and on postoperative day 1, as well
as at 1 week, 4 weeks, 8 weeks, 3 months, 6 months,
and 1 year, to compare the effects of intravenous and
oral iron supplementation at each time point. Iron val-
ues will be measured after CRT, on postoperative day
1, at 1 week, and at 4 weeks. All iron assay parameters
in this study can be assessed through serum laboratory
tests. Iron deficiency will be determined by serum fer-
ritin levels of less than 30 ng/mL and serum transferrin
saturation (serum ironXx 100/TIBC) of less than 20%.
The length of hospital stay will be measured from the
day of admission for rectal cancer surgery until the day
of discharge following the surgery. The time interval to
achieve normalized serum hemoglobin levels will be
compared, with a focus on the values identified after
CRT. The necessity for blood transfusion will be deter-
mined by international guidelines [18], with the trans-
fusion volume adjusted based on individual patient
factors, including underlying disease and intraoperative
bleeding.

Participant timeline {13}

At the initial outpatient visit, an assessment will be con-
ducted to diagnose IDA and confirm eligibility based on
the inclusion criteria, followed by obtaining informed
consent. Eligible patients will undergo randomization at
the next outpatient visit, and iron supplementation will
be initiated. Ferinject injection as intravenous iron sup-
plementation will be administered either once or twice
at weekly intervals, while ferrous sulfate as oral iron sup-
plementation will be continued until just before surgery.
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Follow-up will maintain until 1-year post-operation, with
scheduled hematologic tests (complete blood count,
albumin, C-reactive protein) and iron assays (serum
iron, ferritin, TIBC) performed. The detailed schedule of
assessments is presented in Table 2.

Sample size {14}

Based on a previous randomized controlled trial [16], we
hypothesized that the rate of achieving normalization of
serum hemoglobin levels 3 months after initiating iron
supplementation would be 70% in the experimental arm
and 40% in the control arm. With a two-sided a of 0.05
and a power of 0.8, the sample size was calculated as 94
patients (47 per group), considering an estimated drop-
out rate of 10%.

Recruitment {15}

All rectal cancer patients visiting the outpatient clinic
will be closely monitored to determine if they meet the
inclusion criteria. Once eligibility is confirmed, the sur-
geon will contact the patient to provide details about the
study background and process and request participation
in the study. Patients will be given ample time to consider
participation and to ask any questions they may have.

Assignment of interventions: allocation

Sequence generation {16a}

Random assignment will be performed in a 1:1 ratio
using computer-generated random numbers, stratified by
age (>70 vs.<70 years) and baseline serum hemoglobin
levels (7-10 g/dL vs. 10-13 g/dL). The random sequences
will be generated using permuted block randomization
methods. Given a block size of four and two stratification
variables (age and serum hemoglobin level), we will use a
total of 48 blocks across all strata.

Concealment mechanism {16b}

N/A. In this trial, concealing the sequence is not neces-
sary because the intervention will be performed imme-
diately after the randomization results are obtained.
Patients will be randomized during their second outpa-
tient visit, receive their results on the same day within the
hospital, and begin iron supplementation immediately
afterward. The results will be provided in person by the
researcher.

Implementation {16¢}

Allocation sequences will be generated independently
by a designated researcher not involved in the outcome
data analysis. Participants will be enrolled by the surgeon
at each outpatient clinic. The assignment of participants
to interventions will be performed and overseen by the
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designated researcher, who will also be responsible for
prescribing the intravenous iron infusions or oral iron
medications.

Assignment of interventions: blinding

Who will be blinded {17a}

All surgeons and other investigators will be blinded,
except for the researcher who will know the arm assign-
ment and will prescribe intravenous iron infusions or
oral iron medications. All study-related injectable and
oral medications will be labeled with unique codes, and
only the designated researcher will be able to identify the
assigned groups. These codes will be maintained until the
final analysis, ensuring blinding is preserved throughout
the trial. Due to the nature of the study, the patients will
not be blinded.

Procedure for unblinding if needed {17b}
N/A. Participants will not be blinded in this trial.

Data collection and management

Plans for assessment and collection of outcomes {18a}

To ensure consistent assessment, all investigators will
receive uniform training annually. By performing labora-
tory testing at an accredited tertiary university hospital,
we will ensure a high level of reliability and validity.

Plans to promote participant retention and complete
follow-up {18b}

During follow-up, we will collect detailed contact pref-
erences and send text messages prior to follow-up vis-
its to maximize participant retention. Up to five contact
attempts will be made before a participant is considered
lost to follow-up.

Data management {19}

Outcome assessors will first enter data into registered
paper-based case report forms and then into prede-
signed electronic case report forms. Because medical
notes are not structured to store and organize the spe-
cific data required for the clinical trial, these case report
forms will be prepared. In the electronic case report
form, range checks for data values will be conducted to
ensure all entered data fall within predefined acceptable
limits, further enhancing data accuracy. Using two types
of case report forms will facilitate reliable data verifica-
tion. Additionally, regular backups of the electronic case
report forms will be performed to prevent data loss.
Record retention will begin immediately after the trial
initiation. All records will be maintained for inspec-
tion for up to 3 years after the completion of the study
report. After the 3-year retention period, the data will be
securely discarded based on the study protocol.
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Confidentiality {27}

Participants’ identities will be protected using a study
identification number that cannot be linked to personal
information. Paper-based case report forms will be stored
securely in a restricted location and are accessible only to
research team members. Data stored in electronic case
report forms will be secured on a password-protected
server with access restricted to authorized researchers.

Plans for collection, laboratory evaluation and storage
of biological specimens for genetic or molecular analysis
in this trial/future use {33}

N/A. We have no plan to collect biological specimens.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

Data analysis will be performed using intention-to-
treat set and the per-protocol set. The intent-to-treat
set includes all patients who were randomized, regard-
less of whether they receive each iron supplement. The
per-protocol analysis set includes patients who treated
according to the protocol, excluding those with major
protocol violations. Considering that there will be a few
patients expected to crossover, these analyses could be
very closely matched. Categorical variables will be com-
pared using the y* or Fisher’s exact test, and continuous
variables will be compared using Student’s ¢-test or the
Mann—Whitney U-test. All variables with a p-value <0.05
will be considered significant. All statistical analyses will
be performed using the R statistical software, version
3.4.3 (R Foundation for Statistical Computing).

Interim analyses {21b}

N/A. There will be no interim analysis because iron sup-
plementation in this trial does not increase the risk for
patients undergoing CRT and subsequent surgery.

Methods for additional analyses (e.g., subgroup analyses)
{20b}
N/A. We have no plan for additional analyses.

Methods in analysis to handle protocol non-adherence

and any statistical methods to handle missing data {20c}
Because the normalization of serum hemoglobin will
be evaluated during hospitalization before surgery, we
expect no missing data on the primary outcome. For
other possible missing data, multiple imputation will be
used under the assumption that the data are missing at
random.
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Plans to give access to the full protocol, participant-level
data and statistical code {31c}

N/A. We have no plan to allow access to full protocol,
participant-level dataset, and statistical code.

Oversight and monitoring

Composition of the coordinating center and trial steering
committee {5d}

The trial steering committee (TSC) will be comprised of
the surgeons participating in the study and will serve as
the decision-making body responsible for the scientific
conduct of the study. The TSC will meet every 3 weeks
to ensure that the trial is conducted following relevant
principles and to provide overall supervision. Day-to-
day support will be provided by the principal investiga-
tor, who will oversee the trial, handle recruitment, and
assume medical responsibility of the patients, and by the
research coordinators, who will manage data collection
and follow-up of the patients. The principal investigator
and research coordinators will meet weekly.

Composition of the data monitoring committee, its role
and reporting structure {21a}

The data monitoring committee will consist of research-
ers not involved with the study team. The entire data
collection, recording, and management process will be
monitored and validated by the committee, indepen-
dently from the sponsor and any competing interests.

Adverse event reporting and harms {22}

Adverse events will be closely monitored during hospital-
ization for surgery. During the follow-up period, adverse
events will be collected and assessed at each scheduled
outpatient visit. Serious adverse events that could result
in death or life-threatening situations will be reported by
the investigators within 24 h of detection. Adverse event
assessment in this trial will also include other serious
adverse event criteria, such as prolonged hospitalization,
significant disability or incapacity, and congenital malfor-
mations or birth defects. The principal investigator and
research coordinators, who are responsible for providing
day-to-day support, will assess the severity, outcomes,
causality, and expectedness of the adverse events.

Frequency and plans for auditing trial conduct {23}

The institutional review board of Chonnam National
University Hwasun Hospital will continue to review the
trial, including consent forms, compliance with the pro-
tocol, planned interventions, and quality of data collected
in the case report forms, at least annually. These audits
will be independent of the investigators and the sponsor.
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Plans for communicating important protocol amendments
to relevant parties (e.g., trial participants, ethical
committees) {25}

If any protocol revisions are identified as necessary dur-
ing the trial, modifications may be made with the agree-
ment of the investigator and the trial participants. The
revised protocol will be discussed and approved by the
institutional review board.

Dissemination plans {31a}
The results of this trial will be shared with participating
researchers, patients, and the public through publication.
The results will be published, regardless of the magnitude
or direction of the effect.

Discussion

Previous randomized controlled trials comparing intra-
venous iron supplementation with control groups, which
designated the primary outcome as the incidence and
volume of blood transfusions, failed to demonstrate
significant superiority [14, 15]. In the FIT trial [16], a
significant difference in the normalization rate of hemo-
globin between the experimental and control groups was
observed 30 days after surgery (6 weeks after intravenous
iron supplementation). In the PREVENT trial [15], a sig-
nificant difference in mean hemoglobin levels between
the two groups was identified 8 weeks after surgery
(10 weeks after intravenous iron supplementation). These
findings indicated that a sufficient interval would be nec-
essary to achieve significant differences in the increase of
hemoglobin.

Chemotherapy or radiation therapy has been known
to impact bone marrow function, leading to myelosup-
pression and potentially causing anemia [21]. A ret-
rospective analysis reported that the proportion of
anemic patients with CRC increased from 53% before
radiotherapy to 67% after radiotherapy. However, these
reports may not accurately reflect the effects of current
CRT practices. Furthermore, it has been reported that
patients with anemia undergoing CRT for rectal can-
cer experience less tumor regression and poorer 3-year
local control [22, 23]. Therefore, it would be reasonable
to prioritize the treatment of anemia through iron sup-
plementation while evaluating changes in hemoglobin
levels related to CRT.

Anastomotic leakage is known to have a higher inci-
dence in rectal surgery compared to colonic surgery [24,
25]. Because this study only includes patients with rectal
cancer, the rate of surgical complications may be higher
than in previous studies that also included patients with
colon cancer [14, 16]. By correcting anemia, we will also
evaluate the rate of surgical complications, including
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anastomotic leakage, to determine if there are significant
differences.

In this trial, we aimed to evaluate the correction of ane-
mia in rectal cancer patients undergoing intravenous and
oral iron supplementation followed by CRT. Based on the
results of this trial, we may establish the routine imple-
mentation of iron assays and the standardization of iron
supplementation before preoperative CRT in patients
with advanced rectal cancer. Given that overall blood
donations have decreased by approximately 25% since
COVID-19 [26], this approach could offer an alternative
to address the shortage of blood supplies. Moreover, it
could provide a basis for the treatment of anemia with
iron supplementation in other organ cancers undergoing
CRT.

Trial status

This trial is currently open for recruitment. The current
study protocol version is 1.5, which was approved on
May 29, 2024. The date recruitment began was May 14,
2024, and we anticipate reaching our maximum number
of included patients by December 2026.
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TIBC  Total iron-binding capacity
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