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STUDY PROTOCOL Open Access

Intravenous iron isomaltoside versus oral
iron supplementation for treatment of iron
deficiency in pregnancy: protocol for a
randomised, comparative, open-label trial
Veronika Markova1,2,3* , Rebecka Hansen1,4, Lars Lykke Thomsen2,3, Anja Pinborg5, Torben Moos3 and
Charlotte Holm1

Abstract

Background: Iron deficiency is common in pregnancy. If left untreated, iron deficiency can lead to iron deficiency
anaemia, which is a condition related to maternal and neonatal morbidity. The prevalence of iron deficiency
increases through the trimesters, which means that women with iron deficiency in the beginning of pregnancy also
have a great risk of developing iron deficiency anaemia during pregnancy. Standard treatment is oral iron in
individualised intensified doses based on screening values in 1st trimester.
Maternal symptoms of iron deficiency and iron deficiency anaemia include fatigue, reduced physical performance,
and restless legs syndrome (RLS). Severe anaemia may cause dizziness, dyspnea, palpitation, orthostatism, and
syncope, and it decreases the woman’s ability to cope with blood loss during delivery. The anaemia may also
compromise contractility in the uterine musculature increasing the risk for prolonged labour, caesarean section, and
postpartum haemorrhage. Foetal iron deficiency may cause low birthweight and adversely affect foetal and early
childhood brain development with long-term deficits.

Methods: In this randomised comparative, open-label, single-centre, phase IV trial, 200 pregnant women between
14 and 21 weeks of gestation who have iron deficiency after 4 weeks of standard treatment will be randomised 1:1
to either a single 1000 mg dose of intravenously administered ferric derisomaltose/iron isomaltoside 1000 or a fixed
dose of 100 mg oral ferrous fumarate containing 60 mg ascorbic acid.
The primary endpoint is to prevent iron deficiency anaemia defined by a low level of haemoglobin throughout the
trial. Other endpoints include other haematological indices of iron deficiency and anaemia, clinical outcomes by
questionnaires, and collection of adverse events. Explorative endpoints by medical record follow-up include
complications up to 7 days after delivery.
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Discussion: This trial will provide evidence on how to prevent iron deficiency anaemia. The trial population represents
a clinical reality where pregnant women often have sustained iron deficiency despite an increased oral iron dose. Thus,
this evidence can be used to consider the optimal 2nd line of treatment in iron-deficient pregnant women.

Trial registration: European Union Drug Regulating Authorities Clinical Trials Database 2017-000776-29. Registered on
3 May 2017.
ClinicalTrials.gov NCT03188445. Registered on 15 June 2017.

Keywords: Iron deficiency, Iron deficiency anaemia, Pregnancy, Ferric derisomaltose, Iron isomaltoside 1000,
Randomised controlled trial
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Introduction
Background and rationale {6a}
Untreated iron deficiency (ID) in pregnancy can lead to
iron deficiency anaemia (IDA) [1, 2]. ID in pregnancy is
defined by low iron stores, measured by a level of
circulating ferritin < 30 μg/L [3–6]. Iron is essential for
basic cellular processes, such as cell division and the
synthesis of haemoglobin (Hb) [7]. Anaemia in pregnancy
is defined by a Hb level < 11.0 g/dL, WHO [1, 5]. Thus,
IDA in pregnancy is defined as Hb < 11.0 g/dL and serum-
(s)-ferritin < 30 g/μg/L.
In Danish pregnant women, who do not take iron

supplementation, approximately 50% have ID and 21%
have IDA [8]. Anaemia (regardless the cause) is
estimated to occur in 24% of Danish pregnant women
(WHO).
The prevalence of ID is approximately 7% in 1st

trimester, 14–40% in 2nd trimester, and 30–62% in 3rd
trimester [9, 10]. Prevalence of IDA is approximately 2%
in 1st trimester, 8% in 2nd trimester and, 27% in 3rd
trimester [11, 12]. The steep increase in ID and IDA
through the trimesters illustrates that women with ID in
the beginning of pregnancy have a great risk of
developing IDA during pregnancy.
National recommendations on routine iron

supplementation in pregnancy do not necessarily prevent ID
and IDA as seen in a Swizz study, where approximately 32%
of pregnant women in 2nd trimester had ID and 6.2% IDA
despite a recommended daily oral iron dose of 80mg [13].
Maternal symptoms of ID and IDA include fatigue/

exhaustion, reduced physical performance, restless legs
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syndrome (RLS), and decreased ability to cope with
blood loss during delivery. Severe anaemia may cause
dizziness, shortness of breath, palpitation, orthostatism,
and syncope [14, 15]. Iron is an essential part of
myoglobin, which explains why ID may compromise
contractility in the uterine musculature that in turn may
increase the risk for prolonged labour, caesarean section,
and postpartum haemorrhage [16, 17]. The consequence
of maternal anaemia for the foetus is low birthweight,
which can complicate the neonatal period [18–21]. ID
during foetal life may adversely affect brain development
with long-term deficits. One trial showed that maternal
anaemia in pregnancy could be linked to 14% of cases of
mental retardation at a 7-year follow-up [22].
Thus, isolated ID can be symptomatic and adversely

affect foetal brain development. ID is a precursor for
IDA, which is associated with maternal and foetal/
neonatal morbidity. If treated early in pregnancy, the
consequences of ID can be prevented.
In clinical practice, the standard treatment of ID and

IDA in pregnancy recommended by the Danish Society
of Obstetricians and Gynaecologists (DSOG) is oral iron
supplementation in individualised doses based on
screening values of Hb and ferritin in 1st trimester [23].
Oral iron supplementation is associated with

gastrointestinal adverse effects, affecting patient compliance
[14]. Thus, not all women treated with oral iron will respond
to or comply with treatment. The recommendations are not
clear on how to act in case of failure of the standard
treatment. Thus, a pregnant woman with sustained ID will
most likely be recommended to remain on oral iron and
only receive intravenous (IV) iron if she becomes anaemic.
However, it has not yet been investigated what treatment—
intensified oral iron or IV iron—is most favourable in case
the recommended standard treatment is not sufficient.
Treatment with intravenous ferric derisomaltose/iron

isomaltoside 1000 (FDI) (Monofer®/Monoferric®,
Pharmacosmos, Holbaek) is indicated when oral
treatment is ineffective and when rapid iron delivery is
clinically indicated. FDI is one of the newer IV iron
formulations available. It was initially launched in Europe
in 2010 and consists of iron and a carbohydrate moiety
where the iron is tightly bound in a matrix structure. It is
the matrix structure that enables a controlled and slow
release of iron to iron-binding proteins, avoiding potential
toxicity from release of labile iron [24]. FDI has been stud-
ied in non-clinical reprotoxicology trials. In supra thera-
peutic doses, foetal malformations were seen in rabbits
[Monofer® Investigators Brochure]. The risk for terato-
genic or foeto-toxic effects is considered minimal at the
proposed therapeutic dose. Several studies of FDI treat-
ment of iron deficiency anaemia have been published
without detected unexpected safety issues [25–31]. FDI
should be confined to second and third trimester if the

benefit is judged to outweigh the potential risk for both
the mother and the foetus [6, 32, 33].
Ferrous fumarate containing ascorbic acid denotes a

combination product administered in a film-coated tab-
let for oral ingestion. Ferrous fumarate is a ferrous salt.
Ascorbic acid (vitamin C) facilitates iron uptake by
maintaining iron in its ferrous form [34, 35].
Previous trials have investigated the use of different IV

iron preparations in pregnant women with IDA [36–42].
We have not been able to identify trials investigating the
use of IV iron for prevention of IDA in iron-deficient
pregnant women. A recent trial where pregnant women
with IDA were treated with the IV iron formulation fer-
ric carboxymaltose reported a statistically significant im-
provement in Hb change from baseline in the IV iron
group compared to oral iron group at 6 weeks. Overall
hypersensitivity reactions were rare, IV iron treatment
had a beneficial effect on Hb increase, and neonatal out-
comes did not differ between groups [40].
There are several reasons why it is important to

systematically investigate if the use of IV iron is an
effective and attractive mode of treatment in pregnancy
compared to intensified oral iron treatment in women
with sustained ID despite standard treatment: ID rarely
resolves despite standard treatment, is unlikely to
resolve later in pregnancy if still present after 4 weeks of
standard care, is often left untreated in cases of
intolerance to oral iron, is unfavourable for the foetus,
and can progress into severe ID and IDA in later
trimesters.
Therefore, measures to effectively treat ID early to

prevent IDA are of great clinical importance.

Objectives {7}
In order to prevent IDA throughout the trial in pregnant
women, who have ID after 4 weeks of standard treatment,
the primary objective is to compare the efficacy of a single
dose of IV administered FDI with a fixed dose of oral
ferrous fumarate containing ascorbic acid.
The secondary objectives are to compare the effect of

IV FDI and oral ferrous fumarate with ascorbic acid on
(i) haematological indices of IDA in maternal blood, (ii)
maternal fatigue and quality of life (QoL), (iii) RLS, (iv)
the need for an additional IV FDI dose or (rescue) red
blood cell (RBC) transfusion, and (v) safety.

Trial design {8}
The trial is a randomised, comparative, open-label,
single-centre, phase IV trial, with planned 200 women
randomised 1:1 to a single dose of IV FDI or a fixed
dose of oral iron ferrous fumarate with ascorbic acid.
The randomisation is stratified by Hb value (≥ or <
11.0 g/dL).
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Methods: participants, interventions, and
outcomes
Study setting {9}
The trial is being conducted at the Department of
Obstetrics and Gynecology at Copenhagen University
Hospital, Amager-Hvidovre Hospital, which is a tertiary
hospital with 7000–8000 yearly deliveries.
Healthy women who wish to participate and fulfil the

inclusion criteria are enrolled at gestational age (GA)
14 + 0–21 + 0. The duration for each participant is
approximately 18 weeks and involves four follow-up
visits by a trial investigator at the Amager-Hvidovre
Hospital.

Eligibility criteria {10}
Pregnant women at GA 14 + 0–21 + 0 are eligible for
inclusion if they fulfil the following criteria: s-ferritin <
30 μg/L (0–29 μg/L) after 4 weeks of standard treatment,
age ≥ 18 years, and signed informed consent form.
The exclusion criteria are as follows: multiple

pregnancies; history of anaemia not caused by iron
deficiency; iron overload or disturbances in utilisation of
iron; previous hypersensitivity to IV iron or to any
excipients in the investigational drug products; active
asthma within the last 5 years; multiple allergies; known
decompensated liver cirrhosis or active hepatitis; active
acute or chronic infections (assessed by clinical
judgement); rheumatoid arthritis with symptoms or
signs of active inflammation; treated with IV iron
products, blood transfusion, or erythropoietin within 4
weeks prior to inclusion; participation in any other
interventional trial where the trial drug has not passed 5
half-lives prior to inclusion; any other medical condition
that, in the opinion of the investigator, may cause the
participant to be unsuitable for the completion of the
trial or place the participant at potential risk from being
in the trial; meeting RBC transfusion criteria (Hb ≤ 6.9
g/dL = ≤ 4.3 mmol/L with intolerable symptoms of an-
aemia or an Hb ≤ 6.4 g/dL (≤ 4.0 mmol/L) regardless of
anaemia symptoms; and inability to read and understand
the Danish language.

Who will take informed consent? {26a}
Trial investigators will obtain informed consent.

Additional consent provisions for collection and use of
participant data and biological specimens {26b}
On the consent form, the participants will be informed
about the use and storage of personal data collected
during their participation in the trial, i.e. until
completion of trial or withdrawal of consent, this in
accordance with the General Data Protection Regulation
(GDPR). The consent form contains information
concerning the personnel who can access personal data

collected during this trial, i.e. investigators, monitor, and
regulatory authorities.
By signing the informed consent form, the participants

agree to the terms addressed in the form.
This trial involves collecting biological specimens for

storage.

Interventions
Explanation for the choice of comparators {6b}
The choice of the comparator is based on current
standard treatment of ID in pregnancy.

Intervention description {11a}

A. IV FDI administered at the baseline visit as a single
dose of 1000 mg (if pre-pregnancy body weight <
50 kg then 20mg/kg pre-pregnancy body weight).
The dose is diluted in 100 ml 0.9% sodium chloride
and is given over approximately 20 min.

B. Fixed dose oral ferrous fumarate (100 mg elemental
iron) with ascorbic acid 60 mg [34], once daily.

Criteria for discontinuing or modifying allocated
interventions {11b}
If the participant has IDA at T6w or T12w defined as Hb
< 11 g/dL and s-ferritin < 30 μg/L, an additional dose of
IV iron isomaltoside is allowed in both groups (not at
T18w due to lack of AE monitoring). The maximum
cumulative dose is set to 2000 mg for the individual
participant.

Strategies to improve adherence to interventions {11c}
Compliance to oral treatment is encouraged at every
follow-up visit.

Relevant concomitant care permitted or prohibited
during the trial {11d}
Iron supplementation other than study treatment is
prohibited.

Provisions for post-trial care {30}
There is no anticipated harm and compensation for trial
participation. Post-trial, the pregnant women will be
cared for in a clinical setting, i.e. standard antenatal care,
where both intervention and comparator therapies are
available.

Outcomes {12}
The primary endpoint of this trial is a Hb ≥11.0 g/dL (≥
6.8 mmol/L) at all trial visits post-baseline (T3w, T6w,
T12w, and T18w).

The secondary endpoints are Hb ≥ 11.0 g/dL (≥ 6.8
mmol/L) at each follow-up visit, change in Hb and other
haematological indices of ID/IDA from baseline to each
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follow-up visit (e.g. reticulocytes, reticulocyte haemoglo-
bin content (CHr), s-ferritin, s-transferrin, s-iron, hepci-
din, and calculated transferrin saturation (TSAT)),
incidence of hypophosphatemia (defined as serum [s]-
phosphate < 2 mg/dL) from baseline to each follow-up
visit, change in fatigue and quality of life questionnaires
from baseline to each follow-up visit, presence of RLS at
each follow-up visit, number of participants who receive
an additional IV iron isomaltoside dose at T6w and/or
T12w, reason for the additional IV iron isomaltoside dose
(non-compliance, lack of effect), number of participants
receiving RBC transfusions and the number of RBC
units per transfused participant from baseline to final
subject visit, type and incidence of AEs observed at any
time until final subject visit, serious or severe hypersen-
sitivity reaction starting at or after the first dose of ran-
domised treatment, AEs of special interest (constipation,
diarrhoea, flatulence, nausea, vomiting, abdominal pain,
dyspepsia, dysgeusia, and stool discoloration), number of
participants who discontinue from the trial because of
lack of response or intolerance of investigational drugs,
foetal bradycardia related to infusion of IV iron isomal-
toside at or after GA 26, change in biochemical safety
parameters from baseline to each follow-up visit, and
compliance to treatment: at baseline in the IV group and
at T6w and T18w in the oral group.
Specific explorative endpoints registered between final

subject visit up until 7 days postpartum will be extracted
from medical records: incidence of maternal antepartum
haemorrhage, thromboembolic events, gestational diabetes
mellitus, gestational hypertensive disorders, blood
transfusions, prolonged labour, length of labour, oxytocin
use, assisted delivery, unplanned caesarean section,
postpartum haemorrhage, maternal blood loss at labour (ml),
length of maternal and neonatal hospital admission,
maternal death, incidence of intrauterine growth retardation,
preterm birth, ante- or postnatal asphyxia, low birthweight,
neonatal infection, neonatal anaemia, required paediatric
assistance, admission to neonatal ward, congenital
malformations, foetal or neonatal death, GA at delivery, date
of delivery and birthweight.

Clinical outcome measures
The FACIT-fatigue questionnaire has been validated in a
mixed population of patients with IDA. The
questionnaire consists of 13 items regarding fatigue.
Each item has a response scale of 0–4, 0 being ‘not at
all’ and 4 being ‘very much so’. The score for each item
is added up to a summed score, where a low score
equals more fatigue and higher score equals a better
condition. Selected items are there for reversed when
adding up the total score.
The Short Form 12 (SF-12) is used to evaluate quality

of life (QoL). The SF-12 is derived from the more

comprehensive SF-36. Both SF-12 and SF-36 cover the
two summary measures of physical and mental health
through eight domains/scales (physical functioning,
physical role, bodily pain, general health, vitality, social
function, emotional role, mental health) which in turn
are covered by 12 items. Higher scores indicate better
conditions.
RLS is evaluated by using the four diagnostic criteria

[43] as a quantitative outcome which is either present or
not present.

Participant timeline {13}
The participants will attend the baseline visit and 4
follow-up visits: T3w 3 weeks (± 2 days), T6w 6 weeks (±
3 days), T12w 12 weeks (± 1 week), and T18w 18 weeks (±
1 week) from baseline (see Figs. 1 and 2).

Sample size {14}
The sample size calculations are based on the primary
endpoint: Hb ≥ 11 g/dL (≥ 6.8 mmol/L) at all time points
after baseline [1, 5]. The primary endpoint will be
estimated by a Kaplan-Meier curve. Participants who
drop out during the trial will be accounted for (set as
‘censored’) by the methodology and therefore not ad-
dressed specifically in the sample size calculations. It is
assumed that 5% and 17.5% of the participants in the
FDI and oral treatment groups respectively will have a
Hb < 11 g/dL at some point during the trial, correspond-
ing to 95% and 82.5% will have a Hb ≥ 11 g/dL at all
post-baseline visits. Using a significance level of 5%, and
setting the power to 80%, 100 participants in each treat-
ment group are required in order to detect the assumed
difference between FDI and oral iron.

Recruitment {15}
The women will be recruited from the clinical setting.
Standard clinical procedures for pregnant women at the
trial site include 1st trimester screening for iron
deficiency and anaemia by measuring Hb and serum
ferritin. Women with ID or IDA are recommended
intensified oral iron supplementation and repeated blood
samples in the 2nd trimester. Women with persistent
iron deficiency despite this standard oral treatment are
contacted, informed about the trial, and are invited to
the baseline visit.

Assignment of interventions: allocation
Sequence generation {16a}
The procedure for preparing the randomisation list is
approved by the Global Trial Responsible Statistician.
The randomisation list is prepared by BioStata ApS,
Birkeroed, Denmark.
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Concealment mechanism {16b}
The allocation list is imputed in the electronic Case
Report File (eCRF) and lies prepared within the eCRF.
The sequence list is not accessible to the investigators.

Implementation {16c}
The investigators consecutively invited all eligible
participants to attend the baseline visit. At the baseline
visit, demographics and latest Hb level are entered in the
eCRF prior to randomisation. Thereafter, the participant
is randomised stratified by Hb value and proceeds to the
allocated treatment.

Assignment of interventions: blinding
Who will be blinded {17a}
This trial is open label. Neither the outcome assessors
nor data analysts are blinded.

Procedure for unblinding if needed {17b}
The design is open label so unblinding will not occur.

Data collection and management
Plans for assessment and collection of outcomes {18a}
Data is collected during the five trial visits and by
medical record follow-up. Source data is defined as all
information in original records or certified copies of ori-
ginal records of clinical findings, observations, or other
activities in a clinical trial necessary for reconstruction
and evaluation of the trial. Source data is entered from
paper source into an eCRF.
Laboratory analysis data is drawn electronically from

the hospitals IT system to the eCRF.

Plans to promote participant retention and complete
follow-up {18b}
The participant has the right to withdraw from the trial
at any time and for any reason without prejudice to her
future medical care by the physician or at the institution.
If a participant withdraws from the trial, the investigator
will perform all final visit assessments besides the
scheduled trial assessments for that visit.

Fig. 1 Illustration of trial flow (SF-12, Short Form 12; FACIT-fatigue, questionnaire on fatigue; AEs, adverse events; IDA, iron deficiency anaemia)
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Fig. 2 Schedule for enrolment, intervention, and assessment during the trial
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As part of the subject information, the purpose of the
trial and the importance of completing the trial will be
explained to the subjects. Subject compliance (oral iron
group) will be followed throughout the trial and advices
and guidelines provided in case of non-compliance. Both
treatment groups will be in regular contact with the
investigator.
In extraordinary/force major situations, the principal

investigator can temporarily suspend trial visits, e.g. if
entering the hospital carries a risk for the participant. In
such case, we will attempt to collect information via
telephone or email, where possible, and schedule trial-
related laboratory analyses simultaneously with any pre-
scheduled appointments in a clinical setting. The au-
thorities will be informed promptly in case of such tem-
porary restructuring actions, including the reason for the
decision.

Data management {19}
Data management is outsourced. The data collection
tool for this trial is the eCRF, which is compliant with
21 CFR Part 11 regulations. Clinical data management is
performed in accordance with applicable standards and
data cleaning procedures.

Confidentiality {27}
Data are handled confidentially and stored in a locked
archive.

Plans for collection, laboratory evaluation, and storage of
biological specimens for genetic or molecular analysis in
this trial/future use {33}
Blood samples will be collected by venous puncture at
every participant visit. Haematological indices of ID/IDA
as well as safety indices will be analysed within hours
and evaluated by the investigators during the next
working day at the latest. A single tube containing
plasma from each visit will be stored at the trial site and
will be used to assess hepcidin at an external laboratory.
The samples will be destroyed after analysis or latest at
completion of the trial. Thus, specimens collected at
trial visits will not be used for genetic analyses or
analyses in any future trials.

Statistical methods
Statistical methods for primary and secondary outcomes
{20a}
Time to Hb < 11 g/dL and proportion of participants
with correction of anaemia (Hb ≥ 11.0 g/dL) at T3w, T6w,
and T12w will be estimated by a Kaplan-Meier curve
using scheduled visits. Based on the Kaplan-Meier curve,
the proportion of participants who have met the primary
endpoint (achievement/maintenance of Hb ≥ 11 g/dL at

all post-baseline visits) at T18w will be estimated and
compared between the treatment groups.
The primary endpoint analysis will be performed for

the intention-to-treat analysis set and will be repeated
for the full analysis set and per protocol analysis sets.
As sensitivity, the risk difference will be used to

compare the proportion of participants with Hb ≥ 11 g/
dL at all post-baseline visits. Risk difference and the as-
sociated 95% Newcombe CI and p value will be calcu-
lated, adjusting for strata (Hb </≥ 11 g/dL at inclusion)
using the Cochran-Mantel-Haenszel method. In this
analysis, participants who do not complete the study
period will be set as failures.
The change in Hb and biochemical safety parameters

from baseline to T3w, T6w, T12w, and T18w will be
analysed using a restricted maximum likelihood-based
mixed model for repeated measures approach.
The proportion of participants who (a) receive an

additional IV FDI dose, (b) receive allogenic RBC
transfusions, (c) discontinue from the trial because of
lack of response or intolerance of investigational drugs,
and (d) develop hypophosphatemia will be compared
between the treatment groups by Fisher’s exact test.
The number of units of RBC transfused per transfused

participant from baseline to final subject visit will be
compared between the treatment groups by an analysis
of variance or Wilcoxon test.
For participants in the oral iron group, AEs with onset

at/after the time of first additional IV iron isomaltoside
dose will be excluded from the main AE summaries. In
addition, displays of all AEs per overall treatment group
will be produced, as well as summaries and participant
listings of AEs occurring at/after the time of first
additional IV iron isomaltoside dose.
Medical record follow-up will be tabulated by descrip-

tive statistics.

Interim analyses {21b}
No interim analyses are planned. The trial sponsor and
the principal investigator can temporarily suspend or
prematurely discontinue the trial at any time for reasons
such as safety, ethical issues, severe non-compliance, and
insufficient subject enrolment. The authorities will be in-
formed promptly in case of suspension or termination,
including the reason for the decision.

Methods for additional analyses (e.g. subgroup analyses)
{20b}
No additional analyses are planned.

Methods in analysis to handle protocol non-adherence
and any statistical methods to handle missing data {20c}
The intention-to-treat (ITT) analysis set will include all
subjects as randomised. The per protocol (PP) analysis
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set will include all subjects who do not have any major
protocol or GCP deviation of clinical or statistical sig-
nificance. Non-compliance, i.e. treatment dose outside
the 80–120% range within the first 6 weeks of treatment,
is considered a major protocol deviation.
All participants in the intention-to-treat analysis set

with post-baseline Hb data will be included with their
observed data. Participants without post-baseline Hb
values will have change from baseline set to 0 at the first
post-baseline visit. The model will include the fixed, cat-
egorical effects of treatment, week, and treatment-by-
week interaction as well as the continuous, fixed covari-
ates of baseline Hb value and baseline Hb-by-week inter-
action. Similar analyses will be performed for the other
haematological indices (reticulocytes etc.), change in fa-
tigue, QoL, and RLS.

Plans to give access to the full protocol, participant level-
data, and statistical code {31c}
The protocol, individual subject data, and statistical
codes will not be available. The primary and secondary
endpoints will be uploaded to EudraCT in accordance
with national requirements.

Oversight and monitoring
Composition of the coordinating centre and trial steering
committee {5d}
Pharmacosmos sponsors the trial and the responsibility for
the quality and integrity of the trial data resides with
Pharmacosmos. Pharmacosmos has a Quality Management
System in place to ensure that the trial is conducted, and
data are generated, documented (recorded), and reported in
compliance with the protocol, International Conference on
Harmonization-Good Clinical Practice (ICH-GCP), and the
applicable regulatory requirements. The oversight of data
quality will be provided by a trial core team who consist of
personnel responsible for project management, medical
monitoring, statistics, data management, medical writing,
GCP quality control, and GCP quality assurance. The re-
sponsibility of the trial core team is to ensure high data
quality, regulatory compliance, scientific validity, and trans-
parency in all activities in the clinical trial via robust planning
and timely action. The trial core team will meet regularly to
follow-up on the trial progress. Monitoring, data manage-
ment, and statistics is handled by Vendors, but the ultimate
responsibility for the quality and integrity of the trial data al-
ways resides with Pharmacosmos.
All trial-specific monitoring information and proce-

dures are described and controlled via a monitoring
guideline and a project plan. All monitoring reports are
reviewed and approved by the Pharmacosmos project
director. A risk management plan ensures ongoing risk
assessment and adequate mitigation throughout the trial.

The investigator is responsible for trial execution at
site including enrolment of trial subjects and collecting
informed consent. Subjects receive both written and oral
information about the trial, and they are giving time for
consideration and questions before providing written
consent. The consent procedure for each subject is
checked as part of the Source Data Review/Source Data
Verification as part of the monitoring procedure.

Composition of the data monitoring committee, its role
and reporting structure {21a}
There will not be selected a data monitoring committee.
Instead, the oversight of data quality will be provided by a
trial core team. Roles and responsibilities of the trial core
team are described in section 5d—the “Composition of
the coordinating centre and trial steering committee”
section.

Adverse event reporting and harms {22}
AEs are collected and evaluated for relatedness to trial
drug, seriousness, severity, expectedness, and outcome.
AE are defined in the ICH-GCP guideline.

Frequency and plans for auditing trial conduct {23}
To ensure compliance with ICH-GCP guidelines and all
applicable regulatory requirements, Pharmacosmos A/S,
its designee, or its regulatory agencies may conduct a
regulatory inspection of this trial, in which case direct
access to all source data and documents is mandatory.

Plans for communicating important protocol
amendments to relevant parties (e.g. trial participants,
ethical committees) {25}
Protocol amendments will be submitted to the Ethical
Committee and Danish Medicines Agency and
implemented after approval.

Dissemination plans {31a}
The results of the trial, positive as well as negative, will
be published by the end of the trial. Also, the findings of
this trial will be presented as part of a PhD thesis and
defence.
The primary endpoint and key secondary endpoints

(AEs and change in Hb, serum ferritin, and TSAT from
baseline to T3w, T6w, T12w, and T18w) will be uploaded
on public websites according to national requirements.

Discussion
The objective of this study is to compare IV FDI to oral
iron therapy for the prevention of IDA in iron-deficient
pregnant women.
We use the first-choice treatment method as a com-

parator in our trial. Therefore, we will be able to use the

Markova et al. Trials          (2020) 21:742 Page 9 of 12



study results for assessing the potential benefit of IV FDI
in a clinical setting.
In the first approved version of our protocol, we

aimed to recruit women with IDA. However, we soon
discovered that IDA is rare in 1st and beginning of 2nd
trimester in Danish women. Thus, to recruit pregnant
women with IDA, we either would have to examine
women in 3rd trimester or prepare for a very long
enrolment period (i.e. a decade). At this point, it became
clear that a preventive approach would be beneficial for
both the pregnant women and for the progression of our
trial. This resulted in a trial design aiming to prevent
IDA, as opposed to treating IDA after manifestation. It
is well known that IDA causes morbidity [14–22].
However, previous studies have focused on treatment
[36–42]. We have focused on prevention, thereby
minimising the damage that IDA can cause before
effectively treated. From a clinical perspective, it makes
good sense to avoid the development of morbidity rather
than treating it, once occurred. IV iron treatment is
more expensive than oral treatment, both because of the
cost of the actual medicine, but also costs associated
with administration. However, IV iron might correct ID
faster and have higher compliance than oral treatment
and thereby reduce complications at delivery (i.e. length
of hospital admission, surgery, RBC transfusions),
making this a highly relevant trial in a socioeconomic
context as well.
This trial stands out from other trials regarding the

rather strict policy on the gestational age time window
for the five trial visits, which we consider a great
strength in our study design. We thereby acknowledge
that pregnancy is a state with major haemodynamic,
hormonal, and physiological changes. We know that
haemoglobin drops in 2nd/3rd trimester as part of a
physiological process which prepares the pregnant
woman for the blood loss associated with delivery [44].
Also, pregnancy symptoms such as fatigue and nausea
are more common in 1st trimester and tend to subside
in 2nd trimester [45, 46]. By recruiting pregnant women
who are all at approximately the same GA at inclusion
and thereby also at the follow-up visits, we ensure that
the participants are at the same physiological stages at
the respective visits. We hypothesise that this will make
both the laboratory and clinical result more homoge-
neous between the treatment groups in that all data is
equally affected by the physiological deviations during a
pregnancy.
We consider the evaluation of clinically relevant

outcomes as a strength in our trial, as these outcomes
are very important to investigate. Optimally, we would
have used a tool that has been validated in this specific
population (European iron-deficient/anaemic pregnant
women), which could detect differences in symptoms of

ID/IDA while accounting for pregnancy. However, such
a tool that fulfils all these criteria does not exist. A re-
cent review illustrates how sparse clinical outcome
reporting generally is in trials on perinatal IDA [47].
We chose two self-administered questionnaires in the

official Danish versions: FACIT-fatigue and SF-12 in
their unedited form (copyright protected). Permission to
use the questionnaires has been obtained from the offi-
cial websites. Both questionnaires are validated in a
broader population. This is a limitation in our trial.
We chose the FACIT-fatigue questionnaire because

fatigue is considered the most common symptom of
anaemia. The questionnaire contains questions that
seem appropriate for a pregnant woman and is simple,
short, and manageable.
For evaluation of QoL, we chose the 12-question ver-

sion, rather than the 36-question version, because we
did not want to risk the combined body of questionnaire
material to cause drop out due to an overwhelming
amount of questions at each visit. The SF-12 question-
naire addresses emotional wellbeing as part of quality of
life assessment. This aspect of ID/IDA is of increasing
interest, e.g. a recent study in women after postpartum
haemorrhage showed that postpartum depression scores
(Edinburgh Postnatal Depression Scale) improved sig-
nificantly in the intravenous iron group compared to the
standard treatment group [30].
The evaluation of RLS is based on four diagnostic

questions, rather than using an available rather
comprehensive questionnaire, which was a deliberate
choice on our part to keep the combined body of
questionnaire material to a manageable level.
As a habitually low Hb and a mild/moderate ID is

often asymptomatic, the differences in clinical outcomes
of ID/IDA can be difficult to detect. We therefore chose
Hb for the primary outcome in this trial.

Trial status
The first protocol version (P-Monofer-PREG-01 version
1) was approved on 7 April 2017.
The first participant was randomised on 11 December

2017. The final participant was randomised on 28
February 2020, thus approximately 2 months after the
initial submission of this manuscript.

Supplementary information
Supplementary information accompanies this paper at https://doi.org/10.
1186/s13063-020-04637-z.

Additional file 1. . SPIRIT 2013 Checklist: Recommended items to
address in a clinical trial protocol and related documents*

Abbreviations
AE: Adverse event; CHr: Reticulocyte haemoglobin content; DMT1: Divalent
metal transporter 1; DSOG: Danish Society of Obstetricians and

Markova et al. Trials          (2020) 21:742 Page 10 of 12

https://doi.org/10.1186/s13063-020-04637-z
https://doi.org/10.1186/s13063-020-04637-z


Gynecologists; eCRF: Electronic case report file; FDI: Ferric derisomaltose/iron
isomaltoside 1000; GA: Gestational age; Hb: Haemoglobin; ICH-
GCP: International Conference on Harmonization-Good Clinical Practice;
ID: Iron deficiency; IDA: Iron deficiency anaemia; IIM: Intravenous iron
isomaltoside; IV: Intravenous; QoL: Quality of life; RBC: Red blood cell;
RLS: Restless legs syndrome; SF: Short form; TSAT: Transferrin saturation;
WHO: World Health Organization

Acknowledgements
We acknowledge the colleagues at Pharmacosmos A/S who provided
support in handling all communication with authorities regarding
submission of relevant documents for obtaining approval of protocol and
amendments. We thank Jens-Kristian Slot Jensen for the statistical support.

Authors’ contributions {31b}
LLT, CH, and VM contributed to the original trial design and protocol draft.
LLT, RH, CH, and VM contributed to the protocol amendments. CH is the
principal investigator of the trial. LLT, CH, AP, and TM are supervisors of the
trial. RH and VM are carrying the operational execution of the trial:
recruitment, trial drug administration, data collection, and follow-up visits. All
authors reviewed and approved the manuscript.

Competing interests {28}
VM and LLT are employed by Pharmacosmos A/S. CH served on advisory
boards for Pharmacosmos A/S. Pharmacosmos A/S (https://www.
pharmacosmos.com/) specialised in iron therapy. This is a commercial trial,
funded by a company that develops, manufactures, and markets medicines
for the treatment of iron deficiency anaemia in humans and animals. All
other authors (RH, AP, and TM) have no conflicts of interest to declare.

Funding {4}
Funding: Pharmacosmos A/S, Roervangsvej 30, DK-4300 Holbaek, Denmark
Trial sponsor: The trial is fully funded and sponsored by Pharmacosmos A/S,
Roervangsvej 30, 4300 Holbaek, Denmark. The trial participants are not
compensated financially for participating in the trial.

Availability of data and materials {29}
The datasets generated during the current study can be requested from the
trial sponsor, Pharmacosmos A/S, on reasonable request.

Consent for publication {32}
These are available from the corresponding author on request.

Ethics approval and consent to participate {24}
Approval to conduct the trial has been obtained from the Institutional
Review Board, Danish Independent Ethics Committee (ID-number: H-
17005699), the Danish Medicines Agency, and the Data Protection Agency in
accordance with the local requirements prior to initiating the trial. Informed
consent is obtained from the participant before any trial-related procedures
are carried out.

Authors’ information
Not applicable

Author details
1Department of Obstetrics and Gynaecology, Amager-Hvidovre Hospital,
Copenhagen University Hospital, Kettegaard Allé 30, 2650 Hvidovre,
Denmark. 2Pharmacosmos A/S, Roervangsvej 30, 4300 Holbaek, Denmark.
3Laboratory of Neurobiology, Department of Health Science and Technology,
Aalborg University, Fredrik Bajers Vej 7, 9220 Aalborg, Denmark. 4Department
of Health sciences, University of Copenhagen, Blegdamsvej 3B, 2200
Copenhagen, Denmark. 5Fertility Clinic, Juliane Marie Centre, Rigshospitalet,
University of Copenhagen, Blegdamsvej 9, 2100 Copenhagen, Denmark.

Received: 21 December 2019 Accepted: 27 July 2020

References
1. WHO. The global prevalence of anaemia in 2011. Geneva: World Health

Organization; 2015. www.who.int/nutrition/publications/micronutrients/
global_prevalence_anaemia_2011/en/. Accessed 15 Sept 2019.

2. Greminger AR, Lee DL, Shrager P, Mayer-Proschel M. Gestational iron
deficiency differentially alters the structure and function of white and gray
matter brain regions of developing rats. J Nutr. 2014;144:1058–66.

3. Breymann C, Honegger C, Holzgreve W, Surbek D. Diagnosis and treatment
of iron-deficiency anaemia during pregnancy and postpartum. Arch
Gynecol Obstet. 2010;282:577–80.

4. van den Broek NR, Letsky EA, White SA, Shenkin A. Iron status in pregnant
women: which measurements are valid? Br J Haematol. 1998;103:817–24.

5. WHO. World Health Organization. Iron deficiency anaemia; assessment,
prevention and control; a guide for programme managers. Geneva: World
Health Organization; 2001. www.who.int/nutrition/publications/micronutrients/
anaemia_iron_deficiency/WHO_NHD_01.3/en/. Accessed 15 Sept 2019.

6. Munoz M, Garcia-Erce JA, Remacha AF. Disorders of iron metabolism. Part II:
iron deficiency and iron overload. J Clin Pathol. 2011;64:287–96.

7. Beard JL. Iron biology in immune function, muscle metabolism and
neuronal functioning. J Nutr. 2001. https://doi.org/10.1093/jn/131.2.568S.

8. Milman N, Byg KE, Bergholt T, Eriksen L, Hvas AM. Body iron and individual
iron prophylaxis in pregnancy--should the iron dose be adjusted according
to serum ferritin? Ann Hematol. 2006;85:567–73.

9. Hernandez-Martinez C, Canals J, Aranda N, Ribot B, Escribano J, Arija V.
Effects of iron deficiency on neonatal behavior at different stages of
pregnancy. Early Hum Dev. 2011;87:165–9.

10. Cantor AG, Bougatsos C, Dana T, Blazina I, McDonagh M. Routine iron
supplementation and screening for iron deficiency anemia in pregnancy: a
systematic review for the U.S. Preventive Services Task Force. Ann Intern
Med. 2015;162:566–76.

11. Zimmermann MB, Hurrell RF. Nutritional iron deficiency. Lancet (London,
England). 2007;370:511–20.

12. Scholl TO. Iron status during pregnancy: setting the stage for mother and
infant. Am J Clin Nutr. 2005;81:1218s–22s.

13. Bencaiova G, Burkhardt T, Breymann C. Anemia--prevalence and risk factors
in pregnancy. Eur J Intern Med. 2012;23:529–33.

14. Markova V, Norgaard A, Jorgensen KJ, Langhoff-Roos J. Treatment for
women with postpartum iron deficiency anaemia. Cochrane Database Syst
Rev. 2015:Cd010861. https://doi.org/10.1002/14651858.CD010861.pub2.

15. Grover A, Clark-Bilodeau C, D'Ambrosio CM. Restless leg syndrome in
pregnancy. Obstet Med. 2015;8:121–5.

16. Mayson E, Ampt AJ, Shand AW, Ford JB. Intravenous iron: barriers and
facilitators to its use at nine maternity hospitals in New South Wales,
Australia. Aust N Z J Obstet Gynaecol. 2016;56:162–72.

17. Devasenapathy N, Neogi SB, Zodpey S. Is intravenous iron sucrose the
treatment of choice for pregnant anemic women? J Obstet Gynaecol Res.
2013;39:619–26.

18. Pena-Rosas JP, De-Regil LM, Dowswell T, Viteri FE. Daily oral iron
supplementation during pregnancy. Cochrane Database Syst Rev. 2012.
https://doi.org/10.1002/14651858.CD004736.pub4.

19. Haider BA, Olofin I, Wang M, Spiegelman D, Ezzati M, Fawzi WW. Anaemia,
prenatal iron use, and risk of adverse pregnancy outcomes: systematic
review and meta-analysis. BMJ (Clinical research ed). 2013;346:f3443.

20. Alwan NA, Cade JE, McArdle HJ, Greenwood DC, Hayes HE, Simpson NA.
Maternal iron status in early pregnancy and birth outcomes: insights from
the Baby’s Vascular health and Iron in Pregnancy study. Br J Nutr. 2015;113:
1985–92.

21. Goonewardene M, Shehata M, Hamad A. Anaemia in pregnancy. Best Pract
Res Clin Obstet Gynaecol. 2012;26:3–24.

22. Lozoff B. Iron deficiency and child development. Food Nutr Bull. 2007;28(4
Suppl):S560–71.

23. Danish Society of Obstetricians and Gynaecologists. Anæmi og jernmangel
under graviditet og i puerperium [Anaemia and iron deficiency in
pregnancy and the puerperium]. 2016. https://static1.squarespace.com/
static/5467abcce4b056d72594db79/t/5714ea13a3360cab668161e3/146
0988440726/Guideline+for+an%C3%A6mi_final.pdf. Accessed 11 June 2020.

24. Jahn MR, Andreasen HB, Futterer S, Nawroth T, Schunemann V, Kolb U, et al.
A comparative study of the physicochemical properties of iron isomaltoside
1000 (Monofer), a new intravenous iron preparation and its clinical
implications. Eur J Pharm Biopharm. 2011. https://doi.org/10.1016/j.ejpb.
2011.03.016.

25. Bhandari S, Kalra PA, Berkowitz M, Belo D, Thomsen LL, Wolf M. Safety and
efficacy of iron isomaltoside 1000/ferric derisomaltose versus iron sucrose in
patients with chronic kidney disease: the FERWON-NEPHRO randomized,

Markova et al. Trials          (2020) 21:742 Page 11 of 12

https://www.pharmacosmos.com/
https://www.pharmacosmos.com/
http://www.who.int/nutrition/publications/micronutrients/global_prevalence_anaemia_2011/en/
http://www.who.int/nutrition/publications/micronutrients/global_prevalence_anaemia_2011/en/
http://www.who.int/nutrition/publications/micronutrients/anaemia_iron_deficiency/WHO_NHD_01.3/en/
http://www.who.int/nutrition/publications/micronutrients/anaemia_iron_deficiency/WHO_NHD_01.3/en/
https://doi.org/10.1093/jn/131.2.568S
https://doi.org/10.1002/14651858.CD010861.pub2
https://doi.org/10.1002/14651858.CD004736.pub4
https://static1.squarespace.com/static/5467abcce4b056d72594db79/t/5714ea13a3360cab668161e3/1460988440726/Guideline+for+an%C3%A6mi_final.pdf
https://static1.squarespace.com/static/5467abcce4b056d72594db79/t/5714ea13a3360cab668161e3/1460988440726/Guideline+for+an%C3%A6mi_final.pdf
https://static1.squarespace.com/static/5467abcce4b056d72594db79/t/5714ea13a3360cab668161e3/1460988440726/Guideline+for+an%C3%A6mi_final.pdf
https://doi.org/10.1016/j.ejpb.2011.03.016
https://doi.org/10.1016/j.ejpb.2011.03.016


open-label, comparative trial. Nephrol Dial Transplant. 2020. https://doi.org/
10.1093/ndt/gfaa011.

26. Derman R, Roman E, Modiano MR, Achebe MM, Thomsen LL, Auerbach M.
A randomized trial of iron isomaltoside versus iron sucrose in patients with
iron deficiency anemia. Am J Hematol. 2017;92:286–91.

27. Auerbach M, Henry D, Derman RJ, Achebe MM, Thomsen LL, Glaspy J. A
prospective, multi-center, randomized comparison of iron isomaltoside 1000
versus iron sucrose in patients with iron deficiency anemia; the FERWON-
IDA trial. Am J Hematol. 2019;94:1007–14.

28. Wolf M, Rubin J, Achebe M, Econs MJ, Peacock M, Imel EA, et al. Effects of
iron isomaltoside vs ferric carboxymaltose on hypophosphatemia in iron-
deficiency anemia: two randomized clinical trials. JAMA. 2020;323:432–43.

29. Pollock RF, Biggar P. Indirect methods of comparison of the safety of ferric
derisomaltose, iron sucrose and ferric carboxymaltose in the treatment of
iron deficiency anemia. Expert Rev Hematol. 2020;13:187–95.

30. Holm C, Thomsen LL, Norgaard A, Langhoff-Roos J. Single-dose intravenous
iron infusion or oral iron for treatment of fatigue after postpartum
haemorrhage: a randomized controlled trial. Vox Sang. 2017;112:219–28.

31. Holm C, Thomsen LL, Norgaard A, Langhoff-Roos J. Single-dose intravenous
iron infusion versus red blood cell transfusion for the treatment of severe
postpartum anaemia: a randomized controlled pilot study. Vox Sang. 2017;
112:122–31.

32. Reveiz L, Gyte GM, Cuervo LG, Casasbuenas A. Treatments for iron-
deficiency anaemia in pregnancy. Cochrane Database Syst Rev. 2011.
https://doi.org/10.1002/14651858.CD003094.pub3.

33. Monofer® Summary of Product Characteristics (UK), 05/2017. https://www.
medicines.org.uk/emc/product/5676/smpc/print. Accessed 11 June 2020.

34. Iron C Summary of Product Characteristics (SmPC). http://www.
produktresume.dk/AppBuilder/search?q=Jern+C+medic%2C+
filmovertrukne+tabletter+100%2B60+mg.doc. Accessed 11 June 2020.

35. Teucher B, Olivares M, Cori H. Enhancers of iron absorption: ascorbic acid
and other organic acids. Int J Vitam Nutr Res. 2004. https://doi.org/10.1024/
0300-9831.74.6.403.

36. Al RA, Unlubilgin E, Kandemir O, Yalvac S, Cakir L, Haberal A. Intravenous
versus oral iron for treatment of anemia in pregnancy: a randomized trial.
Obstet Gynecol. 2005;106:1335–40.

37. Bayoumeu F, Subiran-Buisset C, Baka NE, Legagneur H, Monnier-Barbarino P,
Laxenaire MC. Iron therapy in iron deficiency anemia in pregnancy:
intravenous route versus oral route. Am J Obstet Gynecol. 2002;186:518–22.

38. Khalafallah A, Dennis A, Bates J, Bates G, Robertson IK, Smith L, et al. A prospective
randomized, controlled trial of intravenous versus oral iron for moderate iron
deficiency anaemia of pregnancy. J Intern Med. 2010;268:286–95.

39. Singh K, Fong YF, Kuperan P. A comparison between intravenous iron
polymaltose complex (Ferrum Hausmann) and oral ferrous fumarate in the
treatment of iron deficiency anaemia in pregnancy. Eur J Haematol. 1998;60:
119–24.

40. Breymann C, Milman N, Mezzacasa A, Bernard R, Dudenhausen J. Ferric
carboxymaltose vs. oral iron in the treatment of pregnant women with iron
deficiency anemia: an international, open-label, randomized controlled trial
(FER-ASAP). J Perinat Med. 2017;45:443–53.

41. Tariq N, Ayub R, Khan WU, Ijaz S, Alam AY. Parenteral iron therapy in the
treatment of iron deficiency anemia during pregnancy: a randomized
controlled trial. J Coll Physicians Surg Pak. 2015;25:193–7.

42. Ayub R, Tariq N, Adil MM, Iqbal M, Junaid A, Jaferry T. Efficacy and safety of
total dose infusion of low molecular weight iron dextran in the treatment
of iron deficiency anemia during pregnancy. J Coll Physicians Surg Pak.
2008;18:424–7.

43. Wijemanne S, Ondo W. Restless legs syndrome: clinical features, diagnosis
and a practical approach to management. Pract Neurol. 2017;17:444–52.

44. Lee S, Guillet R, Cooper EM, Westerman M, Orlando M, Pressman E, et al.
Maternal inflammation at delivery affects assessment of maternal iron
status. J Nutr. 2014;144:1524–32.

45. Lacroix R, Eason E, Melzack R. Nausea and vomiting during pregnancy: a
prospective study of its frequency, intensity, and patterns of change. Am J
Obstet Gynecol. 2000;182:931–7.

46. Chou FH, Lin LL, Cooney AT, Walker LO, Riggs MW. Psychosocial factors
related to nausea, vomiting, and fatigue in early pregnancy. J Nurs
Scholarsh. 2003. https://doi.org/10.1111/j.1547-5069.2003.00119.x.

47. Malinowski AK, D'Souza R, Khan KS, Shehata N, Malinowski M, Daru J.
Reported outcomes in perinatal iron deficiency anemia trials: a systematic

review. Gynecol Obstet Investig. 2019;84:1–18. https://doi.org/10.1159/
000495566.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Markova et al. Trials          (2020) 21:742 Page 12 of 12

https://doi.org/10.1093/ndt/gfaa011
https://doi.org/10.1093/ndt/gfaa011
https://doi.org/10.1002/14651858.CD003094.pub3
https://www.medicines.org.uk/emc/product/5676/smpc/print
https://www.medicines.org.uk/emc/product/5676/smpc/print
http://www.produktresume.dk/AppBuilder/search?q=Jern+C+medic%2C+filmovertrukne+tabletter+100%2B60+mg.doc
http://www.produktresume.dk/AppBuilder/search?q=Jern+C+medic%2C+filmovertrukne+tabletter+100%2B60+mg.doc
http://www.produktresume.dk/AppBuilder/search?q=Jern+C+medic%2C+filmovertrukne+tabletter+100%2B60+mg.doc
https://doi.org/10.1024/0300-9831.74.6.403
https://doi.org/10.1024/0300-9831.74.6.403
https://doi.org/10.1111/j.1547-5069.2003.00119.x
https://doi.org/10.1159/000495566
https://doi.org/10.1159/000495566

	Abstract
	Background
	Methods
	Discussion
	Trial registration

	Administrative information
	Introduction
	Background and rationale {6a}
	Objectives {7}
	Trial design {8}

	Methods: participants, interventions, and outcomes
	Study setting {9}
	Eligibility criteria {10}
	Who will take informed consent? {26a}
	Additional consent provisions for collection and use of participant data and biological specimens {26b}

	Interventions
	Explanation for the choice of comparators {6b}
	Intervention description {11a}
	Criteria for discontinuing or modifying allocated interventions {11b}
	Strategies to improve adherence to interventions {11c}
	Relevant concomitant care permitted or prohibited during the trial {11d}
	Provisions for post-trial care {30}
	Outcomes {12}
	Clinical outcome measures
	Participant timeline {13}
	Sample size {14}
	Recruitment {15}

	Assignment of interventions: allocation
	Sequence generation {16a}
	Concealment mechanism {16b}
	Implementation {16c}

	Assignment of interventions: blinding
	Who will be blinded {17a}
	Procedure for unblinding if needed {17b}

	Data collection and management
	Plans for assessment and collection of outcomes {18a}
	Plans to promote participant retention and complete follow-up {18b}
	Data management {19}
	Confidentiality {27}
	Plans for collection, laboratory evaluation, and storage of biological specimens for genetic or molecular analysis in this trial/future use {33}

	Statistical methods
	Statistical methods for primary and secondary outcomes {20a}
	Interim analyses {21b}
	Methods for additional analyses (e.g. subgroup analyses) {20b}
	Methods in analysis to handle protocol non-adherence and any statistical methods to handle missing data {20c}
	Plans to give access to the full protocol, participant level-data, and statistical code {31c}

	Oversight and monitoring
	Composition of the coordinating centre and trial steering committee {5d}
	Composition of the data monitoring committee, its role and reporting structure {21a}
	Adverse event reporting and harms {22}
	Frequency and plans for auditing trial conduct {23}
	Plans for communicating important protocol amendments to relevant parties (e.g. trial participants, ethical committees) {25}
	Dissemination plans {31a}

	Discussion
	Trial status
	Supplementary information
	Abbreviations
	Acknowledgements
	Authors’ contributions {31b}
	Competing interests {28}
	Funding {4}
	Availability of data and materials {29}
	Consent for publication {32}
	Ethics approval and consent to participate {24}
	Authors’ information
	Author details
	References
	Publisher’s Note

