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TREOCAPA: prophylactic treatment 2

of the ductus arteriosus in preterm infants

by acetaminophen—statistical analysis plan
for the randomized phase Ill group sequential
trial

Moreno Ursino'?, Corinne Alberti', Gilles Cambonie*, Ruth Kemp?, Aure Vanhecke®, Lea Levoyer’#,
Alpha Diallo”®, Mikko Hallman®, Jean-Christophe Roz¢'” ® and for the TREOCAPA study group

Abstract

Background Persistent patency of the ductus arteriosus (PDA) has challenged neonatologists for more than 40 years.
Controversies persist about the management of PDA in extremely preterm infants. PDA is associated with morbidities,
but no therapeutic strategy has resulted in an improved neonatal outcome. Acetaminophen appears to be a prom-
ising alternative with possibly fewer adverse effects. The primary objective is to determine whether a prophylactic
pharmacological intervention with acetaminophen may increase the survival without severe morbidity at postmen-
strual age of 36 weeks.

Methods and analysis TREOCAPA phase Il is a randomized, multicenter, double-blind, stratified, placebo-controlled
superiority trial, two arms in a 1:1 ratio performed in 43 NICUs of 14 European countries, evaluating whether the inter-
vention increases the survival without severe morbidity by 10%, from 50% in control arm to 60% in treatment arm,
until the age of 36 postmenstrual weeks. To detect this difference, 794 patients were required using a group sequen-
tial design. Recruitment has been closed, with 803 patients enrolled. Patients eligible for inclusion are preterm infants
with a gestational age between 23 and 28 weeks. In the acetaminophen group, 20 mg/kg loading dose within 12 h
after birth, followed by 7.5 mg/kg quarter in die (QID) for 5 days, will be administered to the 27-28 weeks gestational
age group, and 25 mg/kg loading dose then 10 mg/kg QID will be administered to the 23-26 weeks gestational age
group. The severe morbidities include severe bronchopulmonary dysplasia (BPD grade 3) according to NIH consensus,
necrotizing enterocolitis (NEC) of Bell's stage Il or lll, intraventricular hemorrhage (IVH) grade Ill-IV according to Papile
classification, or cystic leukomalacia.

Discussion Whatever the results, the conclusions of this study should be informative for the neonatal scientific
community. The results will either confirm the benefit of treatment in increasing survival without severe morbidity,
or indicate a worsening of outcomes with prophylactic acetaminophen treatment, or show no difference in the pri-
mary outcome. In the latter case, ultrasonographic assessments of ductus arteriosus status on day 7 may help explain
the absence of a difference. This could indicate that acetaminophen is ineffective in promoting ductal closure
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ated improvement in outcomes.

nated through articles in peer-reviewed journals.

ClinicalTrials.gov: NCT04459117, registered on July 7, 2020.

or that early closure of the ductus arteriosus is inconsequential if, despite more frequent closures, there is no associ-

Ethics and dissemination Ethical approval of the trial has been performed in each of the 14 countries after approval,
at the European level, by the Voluntary Harmonization Procedure committee on 04/07/2020. Results will be dissemi-

Trial registration European Clinical Trials Database: EudraCT Number: 2019-004297-26.

Introduction
This paper describes the statistical analysis plan (SAP)
version 2 for the main paper reporting results of ongo-
ing TREOCAPA phase III trial on infants born between
23 and 28 weeks of gestation, according to guidelines
for the content of SAP in clinical trials [1]. TREOCAPA
(prophylactic TREatment Of the duCtus Arteriosus in
Preterm infants by Acetaminophen) trial is a phase II/III
European multicenter double-blind trial. It has received
funding from the Innovative Medicines Initiative 2 Joint
Undertaking under grant agreement No. 777389. TREO-
CAPA trial is one of the three academic proof of viability
studies of the conect4children project (https://conect4chi
ldren.org/studies/), a pan-European clinical trial network
itself funded by the Innovative Medicines Initiative 2
Joint Undertaking under grant agreement No. 777389.
The phase II was a dose finding trial, and it aimed to
assess the minimum effective dose regimen of acetami-
nophen for the closure of PDA for preterm born before
27 weeks of gestational age. The results have been pub-
lished [2], and this dosage regimen is given in the present
phase III trial to infants born between weeks 23 and 26.
This paper details the analysis principles according to
Version 10 of the protocol (05/09/2023), definitions of
outcomes, methods for primary analysis, definitions of
population, pre-specified subgroup analysis, second-
ary analysis, sensitivity analysis, and safety analysis. Any
deviations from this plan will be described and justified
in the final report of the trial.

Background

Premature birth is a serious cause of infant and child
morbidity and mortality [3-5]. Despite technological
advances and efforts during the last 20 years, extremely
premature infants are associated to a 15-30% mortal-
ity risk and, in survivors, at least 20-30% are at risk of
morbidity. The World Health Organization acknowl-
edges the urgency of improving preterm neonates’ out-
comes but it remains a challenging task [6]. A relatively
uncomplicated course in the neonatal intensive care unit
(NICU), for an extremely premature infant, results in a
discharge date close to the prenatal estimated due date

with a better prognosis [7]. For that, priority conditions
requiring study in newborns have been declined and
studies must be performed using innovative trial designs
to select doses and assess efficacy most efficiently [8].
Early prophylactic treatment of the ductus arteriosus
by acetaminophen could reduce mortality and morbid-
ity [9]. It may reduce pulmonary overflow and avoid the
reduction of cerebral and mesenteric flow, according to
left to right shunt through the ductus, without exposing
preterm newborns to drugs associated to severe second-
ary effects.

Uncertainty and controversy about management of patent
ductus

In 2018, the management of the preterm patent ductus
arteriosus (PDA) remained a conundrum [10]. There is
still uncertainty and controversy about the significance,
evaluation, and management of PDA in preterm infants
[11] resulting in substantial heterogeneity in clinical prac-
tice in USA [12] and Europe [13, 14]. PDA could serve
as risk factors or initiators of life-threatening diseases,
such as cardiac failure, bronchopulmonary dysplasia
(BPD), hypoxic-ischemic brain injuries, and necrotizing
enterocolitis (NEC), all adversely affecting long-term out-
comes. Moreover, hemodynamic assessment of the duc-
tus combined with bedside neuromonitoring techniques
improved our understanding of the role of the PDA in
neurological injury [15]. Long-standing suboptimal cer-
ebral oxygenation due to a patent ductus arteriosus is a
risk factor for adverse neurodevelopmental outcomes
[16]. Recently prolonged exposure to PDA might be asso-
ciated with BPD and increased risk of pulmonary vascu-
lar disease in extremely preterm infants [17]. Moreover,
in a national population-based cohort, early screening
of PDA was associated with increase in survival with-
out moderate to severe neurodevelopmental disabilities
at 5 years [18]. Thus, it seems difficult to recommend
an expectant management for PDA, even though it has
recently been shown that such an approach is not inferior
to early treatment by ibuprofen [19]. Actually no PDA
management strategy has shown an increase of survival
without morbidity in randomized trials [20].
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Prophylactic or early targeted indomethacin or ibuprofen
not recommended

Prophylactic treatment using indomethacin or ibuprofen
may close the patent ductus before it becomes sympto-
matic is not recommended. Early cardio-echography
targeted treatment reduced pulmonary hemorrhage but
did not decrease other severe morbidities or mortality
[21, 22]. Early treatment (<72 h after birth) with ibu-
profen for a large PDA did not modify the risk of death
or moderate or severe bronchopulmonary dysplasia at
36 weeks of postmenstrual age in Baby-Oscar trial [23].
The BENEDUCTUS trial has shown that expectant man-
agement for PDA in extremely premature infants was
non-inferior to early ibuprofen treatment with respect to
necrotizing enterocolitis, bronchopulmonary dysplasia,
or death at 36 weeks’ postmenstrual age [19].

Acetaminophen to close the ductus arteriosus

A Cochrane meta-analysis including 24 studies evaluat-
ing more than 2000 infants [24] indicated that the success
rate for acetaminophen to close a PDA was higher than
that of placebo, and it was not significantly different from
the corresponding effect of ibuprofen and indomethacin.
Acetaminophen appears to have fewer adverse effects on
the kidney, liver, and pulmonary vascular system. How-
ever, none of these studies addressed the potential effect
of this intervention on survival or survival without asso-
ciated morbidity.

Actually, in the ClinicalTrials.gov database, 27 studies
about the effect of acetaminophen on PDA in very pre-
term infants are registered, including 12 studies that are
recruiting or not yet recruiting. All of them are small,
with a number of enrolled infants between 40 and 120,
and the primary outcome has been the closure of the
ductus. In six studies, acetaminophen is at least in some
cases given within the first week of life. According to
pharmacokinetic studies in term and preterm infants,
acetaminophen appears safe, and it has been admin-
istered to small preterm infants shortly after birth [25].
There is little evidence of adverse consequences. How-
ever, the doses suggested in extreme preterm neonates
to induce closure of the PDA are mostly higher than the
doses used to treat pain, and theses doses have not yet
been sufficiently evaluated regarding safety [26].

Hypotheses of the present study

The primary hypothesis is that a prophylactic pharma-
cological intervention with acetaminophen, a drug with
allegedly few adverse effects and efficacious for closure
of ductus arteriosus, may increase the survival without
severe morbidity at postmenstrual age of 36 weeks in
extremely preterm newborns. As secondary hypothesis,
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this trial aims at studying whether early administration of
acetaminophen (i) increases the rate of closure of PDA at
day 7, (ii) reduces the rate of back-up treatment of PDA
(medical/surgical closure), and (iii) reduces the require-
ments of catecholamine, analgesic drugs, and parenteral
nutrition during the first week of life.

Trial design

Design

Phase III is a randomized, multicenter, double-blind,
stratified, placebo-controlled superiority trial, two arms
in a 1:1 ratio, evaluating a difference of 10% of the per-
centage of survival without severe morbidity at 36 weeks
of post menstrual age (from 50% in control arm to 60% in
treatment arm) (Fig. 1). In the intervention arm, 20 mg/
kg followed by 7.5 mg/kg quarter in die (QID) for 5 days
is administered to the 27—-28 weeks gestational age group.
This dosage has been confirmed through PK/PD data
analysis from the previous Finnish study [27]. As this
study pointed out a lower effect of acetaminophen on
extremely preterm neonates (below 27 weeks), a dose-
finding study focusing specifically on extremely preterm
neonates with treatment efficacy and toxicity was per-
formed in phase II [2]. The minimum effective dose to
close the ductus observed in phase II was 25 mg/kg load-
ing dose then 10 mg/kg/6 h for 5 days in the 23-26 weeks
gestational age group.

The TREOCAPA trial is registered with the European
Clinical Trials Database (EudraCT Number: 2019-
004297-26) and the registry sponsored by the United
States National Library of Medicine Clinicaltrials.gov
(NCT04459117, first posted on 07/07/2020).

Patient and public involvement

Patient and public representatives have been extensively
involved in trial planning, grant/protocol writing, and
preparing study materials. This trial has been devel-
oped in partnership with European representatives of
parents of premature infants, European Foundation for
the Care of Newborn Infants (EFCNI). This partnership
began right at the start of the project, with the letter of
intent submitted in response to the call to academic tri-
als organized by conect4children. One central aspect
of EFCNI’s advocacy work is to advocate for all aspects
important to patients and families. To ensure that they
are well informed, considered, and supported throughout
the whole trial, EFCNI coordinates and manages a Parent
Advisory Board consisting of parent representatives who
give input into the project based on their personal and
professional expertise with preterm birth. EFCNI will be
involved in dissemination of findings.



Ursino et al. Trials (2025) 26:52 Page 4 of 16

oi(—;
&
<0 S
«\6\ S %‘i\\ &
S (3?\ &
F O o
\§{< \éz A v&*i\(&
b\)
g YV fumwm Y
A A- A A A
Birth Hour 12 ... Day5 |Day7 Day 28 Week 36 (PMA) or discharge If it occurs before
¥ 2 2
Q Genetic samples from Q  Echocardiography ] eCRF O eCRF: Review of
u-v‘\:w\(a“co'd in O eCRF 0O stool to analyze ’ morbidity ‘
voluntarily perinatal microbiota in
centers .* voluntarily NICU’s.*
O Acetaminophen serum levels (50 infants phase Ill) ‘
STUDY PERIOD
Enrolment Allocation Post-allocation Close-out
TIMEPOINT During the Before 13 hours H12- day 7 Day 28 Post
first 12 hours after birth Day 5 after conceptional
after birth after birth age of 36
birth weeks or
Discharge if it
occurs before
Visit 0 Visit 0 Visit 1 Visit 2 Visit 3
ENROLMENT:
Eligibility screen X
Informed consent X
Randomization X
Allocation X
INTERVENTIONS:
X
Administration of IMP (20
doses)
ASSESSMENTS:
e Baseline variables X X
e Blood collected for AST/ALT X
analysis and
Acetaminophen dosage for
50 preterm infants.
e Clinical and treatment From Day0 to
information Day7
e  Cardiac echography Around Day 7
(Day 6-Day9)
e  Optional Stool sample between Day
21 and Day28
e Mortality/ Morbidity (Primary X X
outome)

Fig. 1 SPIRIT figure of TREOCAPA trial phase Il
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Study setting

Patients are recruited from 43 neonatal intensive care
units (NICUs) of 14 European countries: France, Switzer-
land, Finland, Estonia, Greece, Portugal, Denmark, Bel-
gium, Sweden, Norway, Spain, Ireland, Italy, and Austria
(Fig. 2).

Study participants

Inclusion criteria

Patients are eligible for inclusion if the following crite-
ria are met: a gestational age between 23 and 28 weeks,
a post-natal age of 12 h or less, and a writing of Paren-
tal or Legal Authority Consent. Furthermore, in some
countries, parents are required to have a social security
or health insurance.

Exclusion criteria

Exclusion criteria are as follows: presence of birth defect
or congenital anomaly, detrimental twin-to-twin trans-
fusion syndrome, suspicion of pulmonary hypoplasia,
suspicion of hepatic impairment, i.e., hemorrhagic syn-
drome and/or severe hypoglycemia, clinical instability
and high risk of acute death, failure to start treatment
before 12 h of life, parents placed under judicial protec-
tion, participation in other clinical trial using acetami-
nophen during the first 5 days of life, indomethacin or
ibuprofen during the first 3 days of life.

Randomization and data management

After checking of the inclusion and exclusion crite-
ria entered by the investigator, a treatment number is
assigned to the patient, respecting the blinding, the 1:1
randomization ratio, and stratification criteria previously
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defined (site, gestational age groups: 23-26 weeks and
27-28 weeks). Randomization within each stratum was
performed using block randomization. Multiple birth
infants are randomized independently. Data manage-
ment is implemented according to Good Clinical Practice
guidelines. Patient data are entered via an electronic case
record form in a central web-based platform, the UPCET
platform (Unité de Pharmacologie Clinique et Essais Thé-
rapeutiques, www.upcet.fr) set up by Lyon 1 University,
France. This platform has been certified by the European
Clinical Research Infrastructure Network (https://ecrin.
org) on September 2016.

Pharmacological intervention and blinding

Investigational medicinal product (IMP)

The active product is a 10-ml polyethylene ampoule of
acetaminophen containing 100 mg of acetaminophen,
solution for infusion, B BRAUN. The placebo prod-
uct is a polyethylene ampoule of 10 ml of NaCl 0.9%, B
BRAUN. Polyethylene ampoule of active and placebo
products are with the same appearance, in accordance
with Good Manufacturing Practices Drugs for Clinical
Trials. The medicine supplier is Theradis Pharma, Cagnes
sur mer, France, in charge of purchasing the products
and of removing existing label as well as applying a new
label and packaging the vials. Theradis Pharma has the
certificate of Good Manufacturing Practice (GMP) com-
pliance of a manufacturer and certificate of Good Dis-
tribution Practice compliance of a wholesale distributor.
The labelling and the packaging are done in accordance
with all applicable regulatory requirements and GMP
Guidelines. The vials are secondary packed. Each kit
contains 20 ampoules containing either acetaminophen

Number of NICUs by country

Fig. 2 TREOCAPA recruitment is performed in 43 neonatal intensive care units (red circle) of 14 European countries
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or placebo. Each kit has a unique number according to
the sealed randomization list for each of the two gesta-
tional age (24—26 weeks and 27-28 weeks) groups strata.
After certification and batches’ release, Theradis Pharma
is in charge of the storage, distribution, and resupply
to all IMP for TREOCAPA trial. So, trial participants,
care providers, outcome assessors, and data analysts are
blinded. If needed, Theradis Pharma is responsible of the
batch recall and the destruction of the IMP.

IMP administration

The site should dispense the ampoule of IMP that cor-
responds to the number assigned at randomization. In
the 27-28 weeks gestational age group, the dosage is
20 mg/kg loading dose within 12 h after birth followed by
7.5 mg/kg/6 h (£15 min) during 5 days (total =20 doses).
In the 23-26 weeks gestational age group, the dosage is
25 mg/kg loading dose then 10 mg/kg/6 h for 5 days cor-
responding to the minimum effective dose of acetami-
nophen to close the ductus arteriosus before or at day 7,
defined in the phase II trial [1]. In all cases, the IMP is
administered by infusion during 15 min, preferably via
a dedicated line. To minimize the risk of excess sodium
intake, we recommend using the minimum sodium con-
tent solution for dilution of IMP and washout of the iv.
catheters with as low volume as possible (i.e., dextrose
5%, hypotonic sodium solution 0.45%). If a dose is missed
or not delivered, the following dose is administered, with
a minimum interval of 5 h 45 min between 2 doses. Use
of acetaminophen (paracetamol) is prohibited during
the first 5 days of life to treat pain and/or fever and dur-
ing all the hospitalization as rescue treatment of ductus
arteriosus.

The TREOCAPA trial is a pragmatic trial. The study
drug has to be stopped if a rescue treatment is given or if
investigator considers that it is necessary based on medi-
cal judgement or in case of suspicion of acetaminophen
toxicity. It may be necessary to unblind the allocation for
a clinical reason in an emergency if it is the best interest
of the participant; an unblinding procedure is available
24/7.

Timing of outcome assessments

In the phase III trial, three visits are planned after inclu-
sion and randomization at day 0. During visit 1 at day 7
after birth, data describing baby care are recorded day
by day from day O to day 7. At day 7, cardiac echography
is performed. During visit 2 at day 28, a review of infant
care between day 8 and day 28 is recorded. During visit
3 at 36 weeks of postmenstrual age or at first discharge
home, whatever comes first, a review of morbidity—BPD,
cerebral lesions, necrotizing enterocolitis, and retinopa-
thy—is performed.
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Primary outcome

The primary endpoint of phase III is the survival with-
out severe morbidity at 36 weeks of post menstrual age
or at first discharge home, whichever comes first. The
severe morbidities include severe bronchopulmonary
dysplasia (BPD grade 3) according to NIH consensus
[28], necrotizing enterocolitis (NEC) of Bell’s stage II or
III [29], intraventricular hemorrhage (IVH) grade III-1V
according to the Papile classification [30], or cystic leu-
komalacia observed at any time up to 36 weeks of post
menstrual age. At 36 weeks of post menstrual age or at
first discharge home, a review of morbidity (BPD, cer-
ebral lesions, retinopathy, necrotizing enterocolitis) is
performed at visit 3. BPD grade 3 is defined at a PMA
of 36 weeks as invasive positive pressure ventilation or
the need for nasal continuous positive airway pressure,
noninvasive positive pressure ventilation, or nasal can-
nula>3 L/min with FiO,>30% to maintain oxygen satu-
ration (SpO,) in the 90-95% range.

Secondary outcomes

Difference in secondary outcome between acetami-
nophen and placebo groups secondary outcomes will be
explored. The secondary outcomes are as follows: num-
ber of infants with early pulmonary hemorrhage, analge-
sia/sedation drugs consumption during first week after
birth, number of days during the first week the infants
received sedation/analgesia treatment, number of days
during the first week the infants received catecholamines
in perfusion, volume of enteral nutrition during the first
week, systemic arterial diastolic pressure during the first
week, number of patients with a closed ductus arteriosus
or a ductus flow with closing pattern assessed by echo-
cardiography around day 7 after birth, number of the
patients receiving back-up treatment of PDA, number of
infants with retinopathy of stage 2 or more. The weight
and head circumference gain was measured by change
in z score between birth and 36 weeks of PMA (or dis-
charge/death if sooner).

Sample size calculation

The trial employs a group sequential design featuring
a total of three analyses, including two interim analy-
ses and one final analysis, guided by O’Brien-Fleming
boundaries to control the type I error rate. To achieve a
power of 0.8 and maintain a type I error rate of 0.05 in
a two-sided superiority test, 794 patients are required to
detect a difference of 10% in the percentages of survival
without severe morbidity at 36 weeks of post menstrual
age in the two arms (the survival rate without severe
morbidity, from 50% in control arm to 60% in treat-
ment arm). The chosen difference of 10% between the
two groups is justified by three published studies [14, 31,
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32]. Overall mortality rate was 20.5%, while among the
survivors, bronchopulmonary rate was 24%, and severe
cerebral lesions rate was 8.5%. Consequently, the mor-
tality rate was approximately 20%, accompanied by a
morbidity rate of around 30% among the survivors. Fur-
thermore, between the infants exposed to early screening
of PDA and with no early PDA screening, a difference
in mortality rate of 6.4% was evident in infants born at
24-26 weeks of gestation, and the rate was 2.7% in infants
born at 27-28 weeks of gestation [14]. Therefore, we
can expect an overall mortality rate difference of 4.55%
[(6.4+42.7)/2]. Since acetaminophen has fewer adverse
effects than indomethacin/ibuprofen, we assumed that
both the mortality and the morbidity are reduced at simi-
lar rates. Thus, we predicted the mortality and morbid-
ity rate would decrease by 11% [4.55+(30/20)%x4.55].
Although a smaller difference could be clinically relevant,
we chose a 10% difference to balance clinical significance
with the feasibility of the study.

The strategy to reach this target of 794 inclusions is
to maintain the attention of all investigators by mobiliz-
ing this pan-European network of pediatric clinical trials
(our funder), organizing web conferences and regularly
distributing newsletters (24 editions to date).

Interim analysis and stopping rules

In the present phase III trial, two interim analyses for
the primary endpoint are planned when patient accrual
reaches 397 and 595, respectively. At each analysis,
the Z statistics (for a difference of binary endpoints) is
computed, and it is compared to the O’Brien-Fleming
thresholds, or to their approximation, using the Lan and
DeMets alpha spending, in case of design modification:
if its value exceeds the specific upper threshold or falls
below the lower threshold at an interim analysis, the
trial may be halted for demonstrated efficacy or futility,
following consultation with the Data Safety Monitoring
Board (DSMB). Otherwise, the trial will continue. For
interpretability, the plots and the results are displayed
on the maximum likelihood estimation scale. At the end,
the adjusted p-value in case of early stopping will be
computed.

A Bayesian sequential analysis is planned for safety
endpoints when 198, 397, and 595 patients are recruited.
It is an adaptation of the analysis proposed by Aupiais
et al. [33] where an elicitation was conducted prior to
the first interim analysis to model the accepted safety
margin for each endpoint and establish the prior distri-
butions. To achieve a weakly informative prior distribu-
tion, the elicitation results were used to specify a beta
distribution with an effective sample size of 2 [34]. The
safety analyses are done separately for each state group
(23-26/27-28 week GA). The safety endpoints selected
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are the following: death; bronchopulmonary dyspla-
sia at 36 weeks; necrotizing enterocolitis (Bell stage>1)
or focal intestinal perforation; intracranial abnormal-
ity (hemorrhage or focal white matter damage) on cra-
nial ultrasound; pulmonary hemorrhage, retinopathy of
prematurity.

Safety reporting

In our study, adverse events are defined as any unex-
pected medical occurrence in a patient or clinical trial
participant including occurrences that are not necessarily
caused by or related to that product. However, given the
features and extreme fragility of the study population and
to avoid drowning a possible signal in the midst of non-
significant events, we did not consider as adverse event
(AE) all usual signs or symptoms (including variation in
laboratory parameters) reflecting the pre-existing condi-
tion of prematurity which are:

+ Not associated with a seriousness criteria

+ Not associated with an unusual nature, frequency or
severity

+ Not possibly related to the study treatment or study
procedures

In addition, considering that disease-related events
were already collected in the eCRF for primary and sec-
ondary endpoints analysis, the events listed below did
not require an immediate reporting in a SAE form to the
sponsor unless they were possibly related to IMP, resulted
in death, or presented an atypical pattern:

« Sepsis (unless it is a bacille gram negative severe or
sepsis following unusual germ)

+ Chronic lung disease defined as long-term breath-
ing problems or oxygen need after baby reaches an
adjusted age of 36 weeks of gestation)

+ Intracranial abnormality (hemorrhage or focal white
matter damage) on cranial ultrasound scan or other
imaging

+ Pulmonary hemorrhage

+ Patent ductus arteriosus

+ Retinopathy requiring or not a treatment or surgery

On the other hand, some events, called “Notable event”
and defined according to known toxicities of acetami-
nophen or safety signals, were closely monitored and
required expedited reporting within 24 h of awareness to
the sponsor. It includes:

+ Severe liver failure, defined as elevated liver enzymes
(ALT/glutamate-pyruvate transaminase and aspar-
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tate aminotransferase/GOT)>2 times the upper
boundary of the normal range

+ Hemorrhagic syndrome, which is when infant has
bleeding to at least two organs (pulmonary, cerebral,
digestive...) or has bleeding to one organ and at the
puncture site

+ Necrotizing enterocolitis which involves a variable
extent of necrotic or perforated bowel, usually with
extensive peritoneal contamination

+ Focal intestinal perforation which involves a small,
focal perforation with otherwise normal appearing
intestine

At each formal interim analysis, the DSMB intends to
employ the results of Bayesian analysis to assess the pos-
sibility of an earlier termination point for the trial, spe-
cifically for safety considerations.

Adherence and protocol deviations

During monitoring, 4 types of deviations are tracked in
the monitoring tracker, concerning the following: patient
safety, patient’s rights, IMP management, and protocol
non-compliance. Only non-corrected protocol devia-
tions will be listed: no randomization, non-compliance
with IMP administration schedules, use of acetami-
nophen as rescue treatment after unblinding procedure
or not, echocardiography between day 5 and day 10 not
performed, cerebral echography not performed before
36 weeks of post-menstrual age, no information about
result of ophthalmological examination, AST and ALT
post first IMP dose not collected.

Withdrawal from the trial

The number of withdrawals from the trial and the tim-
ing of each withdrawal will be reported. Data registered
up to the date of withdrawal will be exploited, except for
infants whose parents refuse the use of registered data.

Statistical analysis plan

Overall principles

Analyses will start once all data to discharge of the last
included patient have been obtained (expected date July—
August 2024); the database will be checked and locked
after monitoring of all eCRF of all 43 NICUs in all 14
countries (expected date December 2024). The analyses
will be performed by MU, CA, and JCR, using SAS ver-
sion 9.4 or later and R version 4.1 or later.

Patient flow

The flow of participants through each stage of the trial
will be summarized according CONSORT recommen-
dations [35]. In this figure, will be indicated the number
of preterm infants assessed for eligibility, the number of
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recruited infants, number of randomized infants, num-
ber of allocated to placebo or to acetaminophen groups,
number of infant who did not receive allocated treatment
with reasons and the number of infants with withdraw,
and finally the number of infants included in the modi-
fied intention to treat analysis (Fig. 3).

Population definition

Intention to treat population

The intention to treat population will be all infants ran-
domized, excluding infants whose parents requested
withdrawal from the study before the 36-week PMA or
hospital discharge or death, whichever comes first, or
with a request not to use the data collected.

Per-protocol population

Per protocol population consists of all infants treated in
accordance with the protocol, even those who did not
receive the 20 doses of IMP, due to the administration
of a rescue treatment in accordance with the protocol,
with the exception of those whose rescue treatment was
based on acetaminophen, not authorized by the protocol.
As TREOCAPA trial is a pragmatic trial, the per-proto-
col population included preterm infants with a differ-
ence between previous and observed schedule of IMP
administration was less than 2 h, because the previous
PK analysis showed that the acetaminophen blood con-
centrations remain at an acceptable level even 8 h after
the last injection.

Safety population

All infants randomized who received at least one dose of
the IMP. Preterm infants will be analyzed according to
the treatment they actually received.

Loss to follow-up

Minimal loss to follow-up is expected for the primary and
secondary outcomes since these outcomes are recorded
while the baby is in hospital.

Statistical analyses

Baseline characteristics

Baseline patient and clinical characteristics at randomi-
zation will be collected and presented in a table:

« Mother’s baseline characteristics:

o Country of birth

o Age (years)

o Socio-economic and educational characteristics
o Number of previous births

o Paracetamol consumption during pregnancy

o Medical conditions of pregnancy
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Assessed for eligibility

Enrollement

A

Not enrolled (reasons):

» « Not eligible
« Parents refuse

Allocation

v

Not randomized (reasons):

XXX Randomized

xxx Allocated to
placebo

Withdrawal
before primary
outcome

A

Missing

v

Included in final
analysis with primary
outcome performed on
Intention to treat
poupulation

Did not

received the
20 doses of <
IMP

(reasons):

v

Included in analysis
with primary outcome
performed on per-
protocol population

Fig. 3 Flow chart according to CONSORT

o Transfer of the mother

o Antenatal steroid use

o Antenatal magnesium sulfate use

o Type of prematurity (spontaneous/consented)
o Mode of onset of labor

Follow-up

outcome Analyzis

Primary : -

xxx Allocated to
Acotarnl?ophen
[

Withdrawal
before primary
outcome

l

Missing
Primary
outcome

Included in final
analysis with primary
outcome performed on
Intention to treat
poupulation

A4

Did not
received the

20 doses of
IMP

(reasons):

Included in analysis
with primary outcome
performed on per-
protocol population

o Mode of delivery

o Indication of cesarean if cesarean

« Infant’s characteristics at trial entry
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o Gestational age at birth (weeks)

o Birth weight (g) and Birth weight z score accord-
ing to Olsen curves [36]

o Gender

o APGAR score 1 and 5 min

o Umbilical cord gases

o Mode of resuscitation

o Surfactant and mode of administration

o Ventilation and FiO,

o Minimal base excess during the first 12 h

o Born in enrolling center

o Modality of transfer

o Echocardiography before inclusion

o Postnatal age at randomization (hours)

o Head circumference (cm) and head circumfer-
ence z score according to Olsen curves

Continuous variables will be presented as mean
and standard deviation if normally distributed and as
medians and interquartile range if not normally dis-
tributed. Categorical variables will be presented as fre-
quencies and percentage. A difference with a p <0.05 is
set as statistically significant.

Primary outcome analyses

The absolute risk difference of the primary outcome
between the acetaminophen group and the placebo
group will be calculated. The main analysis will be
performed on ITT population, according to the group
sequential analysis, and adjusted 95% confidence inter-
val will be provided. Due to randomization, differences
in baseline characteristics are unlikely. In case of an
unexpected imbalance in baseline characteristics, cor-
rections will be considered and reported as sensitivity
analyses. For clarity and interpretability, the risk ratio
will also be reported alongside the confidence interval.

Secondary outcome analyses

Secondary outcomes will be presented in tables with
counts, percentages, and absolute risk differences
with 95% confidence intervals for categorical out-
come between treatment group or with means, stand-
ard deviations, and the estimated difference means
between the two treatment groups with 95% confi-
dence intervals. No formal adjustments or multiple
comparisons will be made. In case of an unexpected
imbalance in baseline characteristics, correction will
be considered. SAP of the secondary outcome analyses,
if necessary, includes similar adjustments described
for the primary outcome analyses.
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Subgroup analyses of primary outcome

We will perform pre-specified exploratory subgroup
analyses for the primary outcome, using the following
five approaches, each examining one subgroup: ges-
tational age groups 23-26 weeks, 27-28 weeks, male
gender, female gender, and among French recruitment
corresponding to more than 50% of the recruitment.
Moreover, we will present analyses for the primary out-
come for infants born 23-24 weeks of gestation and
then for each subsequent week. Finally, we will present
analyses for the primary outcome for infants according
to antenatal acetaminophen exposure.

Sensitivity analyses

Per-protocol analyses concerning primary and sec-
ondary outcomes will be performed. Moreover, an
intention to treat analysis will be performed using a
modified primary outcome: surviving without moder-
ate or severe BPD grade 2 or grade 3 according to NIH
consensus, NEC of Bell’s stage II or III, IVH grade III-
IV according to the Papile classification or cystic leu-
komalacia observed at any time up to 36 weeks of post
menstrual age, and retinopathy of grade 2 or more. For
BPD grade 2, a test of stop oxygen and non-invasive
support is proposed, according to Walsh [37], if the
preterm infant received less than 30% of oxygen and
he can support the challenge. If the arterial saturation
in oxygen during the challenge is <90% or the infant is
considered as not supporting the challenge, the infants
is classed as BPD grade 2.

Moreover, the primary analyses will be repeated and
correlation between siblings among multiple births will
be accounted for using the generalized estimating equa-
tions as well as the influence of gender and gestational
age [38]. We will perform survival analyses for relevant
outcomes separately, when feasible.

Missing data
Missing data as a result of babies being lost to follow-
up is expected to be minimal for short-term outcomes.
Nevertheless, if necessary, we will carry out analyses with
imputations.

Safety data analysis

All serious adverse events (SAEs) reported from the
time of randomization until 30 days after the last visit,
all notable events from the time of randomization until
30 days after the last visit, and all disease-related events
(DREs) from the time of randomization until the last visit
of the participant will be reported. These analyses will be
performed on the intention-to-treat population.
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For example, the following serious adverse events
(SAEs), not included in the primary and secondary
outcome, will be listed by treatment group allocation
in a table.

+ Thrombocytopenia, n (%)

+ Pulmonary hemorrhage at any age, n (%)

+ Pulmonary hypertension requiring treatment with
pulmonary vasodilator, n (%)

« Renal failure, n (%)

+ Isolated gastrointestinal perforation, # (%)

+ Late-onset sepsis, n (%)

« Severe sepsis, n (%)

+ Hypotension treated with inotropes, n (%)

+ Multiple organ failure

+ Anemia requiring transfusion

o AST/ALT level after dose 1 of acetaminophen
more than 2 times the normal value

+ n increase by 2 times of AST/ALT between the
first AST/ALT level, measured after first dose of
acetaminophen, and the second AST/ALT level,
measured after the dose 10 of acetaminophen

+ Hepatic impairment is suspected in case of hemor-
rhage syndrome

« In case of jaundice, a level of the ratio conjugated
bilirubin/total bilirubin, higher than 20%, is pre-
dictive of cholestasis

In addition, a general table with safety data will be
provided describing the number of events by maxi-
mum severity grade and the number and percentage of
patients who experienced at least one event of a spe-
cific grade.

Each SAE, notable events, and DRE will be summa-
rized with the number and percentage of patients with
at least one of these events and the total number of
events. The events will be presented by treatment arm.

Deviation from the analysis described in the protocol
Initially, 2 interim analyses for efficacity were planned,
at 50% (397 infants) and 75% (595 infants) of expected
final number of inclusions. The first analysis has been
performed and presented to DSMB. But the TREO-
CAPA TEAM decided not to carry out this second
interim analysis for efficacity, as it could only be per-
formed in January 2024, after the 595th child hav-
ing been included in August 2023 with a last visit in
November 2023 and a monitoring in December 2023.
However, by January 2024, 729 children had been
included, leaving just 65 to be included over 3 months.
This also saved study power.
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Further sub-studies

One study will compare microbiota at day 28 between the
2 treatment allocation groups. Our hypothesis is that the
reduction of left to right shunt by ductus in the acetami-
nophen exposed group will contribute to an easier imple-
mentation of enteral nutrition and to the implementation
of a “more mature” microbiota. Microbiota during week
4 should be a biomarker of an effect of acetaminophen on
the digestive tract. This biomarker was closely associated
2 year-outcome in previous study [39].

The second concerns the interaction between varia-
tion of practices and PDA. Large variation of practices
between the 43 NICUs of 14 countries is attended, as
observed at the national level [39] and European level
[40]. We will analyze the interaction between practices
and the intervention (paracetamol or placebo on primary
and secondary outcomes).

The third will aim to define the minimum values of
mean and diastolic arterial blood pressure associated
with survival without severe morbidity at a PMA of
36 weeks. In this perspective, the values recorded daily
in the two groups from day 0 to day 7 will be classified
according to the primary outcome, allowing to develop
linear regressions of means and 95% confidence intervals
in this population during the first postnatal week.

Finally, the ancillary study on genetic polymorphisms
will not be able to take place for lack of a sufficient num-
ber of cord blood samples.

Ethics

The study will be conducted according to the princi-
ples of the Declaration of Helsinki in respect of the leg-
islation of the 14 European participating countries. The
TREOCAPA trial protocol has been approved first on
04/07/2020 at the European level by the Voluntary Har-
monization Procedure committee and then after by the
competent authorities and ethical committee of each par-
ticipating country in accordance with each national leg-
islation. These two approvements, ethic committee and
competent authorities, were obtained in France by April
17, 2020, Ireland by June 5, 2020, Estonia by July 9, 2020,
Portugal by July 28, 2020, Finland by September 2, 2020,
Denmark by September 8, 2020, Switzerland by Sep-
tember 17, 2020, Belgium by September 30, 2020, Swe-
den by October 12, 2020, Spain by December 17, 2020,
Norway by December 21, 2020, Italy by March 2, 2021,
Greece by November 18, 2021, and Austria by March 14,
2022. Important approved modifications are communi-
cated by written communication to the investigators by
the sponsor to inform them about the important changes
in the trials. The processing of personal data of partici-
pants suitable for this research is for the sole purpose of
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carrying out the research. All data related to the study are
captured and saved in a computerized database under
the supervision of the sponsor: data collection is done via
Internet on an eCRF developed specifically for the study
using a specific clinical trial management. The data are
collected in a centralized database, managed by a pro-
fessional specialized in database management, General
Data Protection Regulation (GDPR) compliance, physi-
cal and logical security measures, flow diagram, back-
ups, and archiving. A personal and confidential identifier
allows access to the eCRF. The investigator is aware that
all study documents and data related to the research
could be subject to audit and inspection carried out with
respect for professional secrecy, medical confidential-
ity may not be invoked to prohibit access to these docu-
ments. The investigator is aware that study results are the
property of INSERM, the study sponsor. Access to data
relating to participants is strictly confidential and not
accessible in accordance with the GDPR in force in the
European Union. The sponsor has taken out an insur-
ance contract of civil responsibility which provides for
a certain amount per participant to compensate them if
necessary. None of the investigators has financial or other
competing interests.

Trial design
An independent Data Safety Monitoring Committee
(DSMB), including experienced neonatologists, a phar-
macologist, and a statistician, help the Trial sponsor and
investigators to make decisions during the trial for which
independent judgment is desirable (additional amend-
ment to the protocol or statistical analysis plan, opinion
on premature stoppage of the trial), monitor the phase
II and phase III on safety aspects, and will provide rec-
ommendations regarding continuing or stopping the
trial after interim analysis. If the DSMB recommends
modification or cessation of the study protocol, this will
be discussed with the trial steering committee, who will
make the decision. Each DSMB member have signed a
confidentiality and conflict of interest agreement. The
trial steering committee includes European experienced
neonatologists who supervise the progress of the trial.
Each month, information about the evolution of the
trial is reported to the Network Infrastructure Office of
conect4children.

Moreover, the sponsor has contracted an external audi-
tor to audit the studies promoted by the sponsor at the
sponsor’s request.

Trial status

The first participant of phase III was recruited up
in October 2020. Last patient last visit was initially
planned for May 2023. But, due to the delay at the
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start of the project, in the context of the covid cri-
sis, an extension of the inclusion period to April 2024
was accepted as part of the final amendment. The
last patient last visit was performed on June 7, 2024.
The end of final monitoring is planned for the end of
December 2024. Recruitment status can be accessed at
https://treocapa.inserm.fr/.

Trial reporting

The trial will be reported according to the principles
of the CONSORT statement [35]. Analysis of the pri-
mary and secondary outcomes will be conducted after
follow-up to discharge has been completed for the last
baby to be discharged. The study results will be sub-
mitted for publication in a peer-reviewed journal and
presented at international conferences. The participa-
tion of professional editors is not envisaged. A plan to
disseminate the results to the parents who took part in
the trial and to the general public is being drawn up in
partnership with EFCNI.

Acknowledgements

The authors thank the parents and their children and their European repre-
sentatives, EFCNI.

The authors thank the members of the Data Safety Monitoring Board (DSMB):
Patrick Mc Namara, University of lowa, USA; Roger Soll, University of Vermont;
USA; Keith Barrington, University of Montreal, Canada; Christine Durier, Paris-
Est University, France; Florentia Kaguelidou, Université Paris Cité, France.

The authors thank the members of the steering committee: Corinne Alberti,
University of Paris Cité, France; Moreno Ursino, University of Paris Cité, France;
Pierre Yves Ancel, University of Paris Cité, France; Jay- anta Banerjee, Imperial
College Healthcare NHS Trust, London, UK; Olivier Baud, University of Geneva,
Switzerland; Ricardo Carbajal, University of Paris-Descartes, France; Olivier
Claris, Hospices Civils de Lyon, France; Eugene Demsey, Cork University,
Ireland; Anne Greenough, King's College Hospital NHS Foundation Trust,
London, UK; Gorm Greisen, Copenhagen University Hospital, Denmark; Pierre-
Henri Jarreau, University of Paris-Descartes, France; Pierre Kuhn, University of
Strasbourg, France; Nail Marlow, University College London, UK; Stéphane
Marret, University of Rouen, France; Christoph Riiegger, University of Zirich,
Switzerland; Jennifer Zeitlin, University of Paris-Descartes, France; Laurent Flet,
Nantes University hospital, France.

The authors thank Aure Vanhecke from Inserm Clinical research department
and Naouel Bouafia for implementation of the study.

The authors thank the Pediatric Clinical Research Network in France (Pedstart)
team. The authors thank Inesse Boussaha and Magali Herve for data manage-
ment of the study.

TREOCAPA STUDY Group

JEAN-CHRISTOPHE = ROZE NANTES FRANCE
UNIVERSITY

MIKKO HALLMAN UNIVERSITY FINLAND
OF OULU

GILLES CAMBONIE CHU DE FRANCE
MONTPELLIER

MORENO URSINO UNIVERSITY FRANCE
OF PARIS

CORINE ALBERTI UNIVERSITY FRANCE
OF PARIS

RUTH KEMPER EFCNI GERMANY



https://treocapa.inserm.fr/

Ursino et al. Trials (2025) 26:52 Page 13 of 16
LEA LEVOYER CLINICALTRIAL  FRANCE PILLE ANDRESSON EASTTAL- ESTONIA
SAFETY AND PUB- LINN CENTRAL
LIC HEALTH, ANRS HOSPITAL
ALPHA DIALLO CLINICALTRIAL  FRANCE ANTOINE BOUISSOU CHRUDETOURS ~ FRANCE
SAFETY AND PUB- ELISA PROENCA CENTRO HOSPITA-  PORTUGAL
LIC HEALTH, ANRS LAR E UNIVERSI-
RICARDO CARBAJAL PARIS EST UNIVER-  FRANCE TARIO DO PORTO
SITY HOSPITALS MARINE VINCENT HOPITAL CROIX-  FRANCE
PIERRE KUHN CHU DE FRANCE ROUSSE, LYON
STRASBOURG EVGENIYA BABACHEVA ARISTOTLE GREECE
ALBAN BARUTEAU NANTES FRANCE UNIVERSITY
UNIVERSITY OF THESSALONIKI
ANDRE| MORGAN EPOP& TEAM, FRANCE NADIA MAZILLE CHUDERENNES  FRANCE
UMR 1153, PARIS, MAGALI REYNOLD DE CHU NANTES, FRANCE
INSERM SERESIN HOPITAL MERE
PIERRE-YVES ANCEL EPOP& TEAM, UMR  FRANCE ENFANT
1153, PARIS,PARIS, MIRKA LUMIA HELSINKI UNIVER-  FINLAND
INSERM SITY HOSPITAL
JENNIFER ZEILIN EPOPe TEAM, UMR  FRANCE CHRISTOPH RUEGGER UNIVERSITY HOS-  SWITZERLAND
INSERM , A /
Claudia Knoepfli UNIVERSITY HOS-  SWITZERLAND
NAIM BOUAZZA UNIVERSITY FRANCE PITAL OF ZURICH
OF PARIS '
MARCO BARTOCCI KAROLINSKA UNI-  SWEDEN
OLMIER BAUD UNIVERSITY CHIL-~ SWITZERLAND VERSITY HOSPITAL
DREN'S HOSPITAL STOCKHOLM
GENEVA
GEORGI NELLIS TARTU UNIVERSITY  ESTONIA
OLMIER CLARIS LYON UNIVERSITY ~ FRANCE HOSPITAL
JEAN-CHARLES PICAUD HOPITAL CROIX-  FRANCE KIM NGUYEN HOPITAL FEMME  FRANCE
ROUSSE, LYON MERE ENFANT
PIERRE-HENRI JARREAU APHP COCHIN FRANCE ULLA SANKILAMP! KUOPIO UNIVER-  FINLAND
GENE DEMPSEY UNIVERSITY COL-  IRELAND SITY HOSPITAL
LEGE CORK VINCENT RIGO CENTRE HOSPITAL-  BELGIUM
AURE VANHECKE Institut de Santé  FRANCE IER UNIVERSITAIRE
Publique, Pole DE LIEGE
Recherche Clin- FRANCISCA BARCOS UNIVERSITY CHIL-  SWITZERLAND
ique, |NSERM, Paris DREN'S HOSPITAL
NAOUEL BOUAFIA INSERM, Pedstart ~ FRANCE GENEVA
Network, CHRU de CHRISTOPH BINDER MEDICAL UNIVER-  AUSTRIA
Tours SITY OF VIENNA
REGIS HANKARD UMR 1069 INSERM,  FRANCE LAURE SIMON CHU NANTES FRANCE
Pedstart Network ENFANT
PITAL OF ZURICH, HOSPITAL
ALINE RIDEAU HOPITAL ROBERT ~ FRANCE ARNAUD CALLIES CHU NANTES FRANCE
DEBRE HOPITAL MERE
KEVIN LEDUC CHU LILLE FRANCE ENFANT
SEBASTIEN JOYE UNIVERSITY CHIL- ~ SWITZERLAND ~ MARIA FINTZOU UNIVERSITY GREECE
DREN'S HOSPITAL HOSPITAL
LAUSANNE OF IOANNINA
CYRIL FLAMANT CHU NANTES, France ANDRE GRACA CHULN-HOSPITAL ~ PORTUGAL
HOPITAL MERE SANTA MARIA
ENFANT MARINA MALAKOZI ARISTOTLE GREECE
GERALDINE GASCOIN CHUTOULOUSE ~ FRANCE UNIVERSITY
ISABELLE LGl HOPTALDELA  FRANCE OF THESSALONIKI
CONCEPTION MARIE MOREAU CHUDANGERS ~ FRANCE
JULIANA PATKAI APHP COCHIN FRANCE ANNE MURRAY UNIVERSITY COL-  IRELAND
CHARLOTTE KRUSE COPENHAGEN ~ DENMARK LEGE CORK
UNIVERSITY KATIA OVASKAINEN TAMPERE UNIVER-  FINLAND
HOSPITAL SITY HOSPITAL
HELOISE TORCHIN APHP COCHIN FRANCE SAUL PALMU TAMPERE UNIVER-  FINLAND

SITY HOSPITAL




Ursino et al. Trials (2025) 26:52 Page 14 of 16
MANON TAUZIN CHIC CRETEIL FRANCE CLAIRE BELLANGER APHP NECKER FRANCE
ouTl AIKIO OULU UNIVERSITY  FINLAND MELINDA BENARD CHUTOULOUSE ~ FRANCE
HOSPITAL VALERIE BIRAN HOPITAL ROBERT ~ FRANCE
SIW HELEN EGER OSLO UNIVERSITY  NORWAY DEBRE
HOSPITAL FARID BOUBRED HOPITAL DE LA FRANCE
BARTHELEMY TOSELLO HOPITAL MAR- FRANCE CONCEPTION
SEILLE NORD MARINE BUTIN HOPITALFEMME ~ FRANCE
LOUIS BARATON CHU NANTES, FRANCE MERE ENFANT
HOPITAL MERE MELISSA DAVID CHU NANTES, FRANCE
ENFANT HOPITAL MERE
ALAIN BEUCHEE CHUDERENNES ~ FRANCE ENFANT
SUSANNE KIRSCHENHOFER ~ MEDICAL UNIVER-  AUSTRIA MARIE AMELIE DETRISTAN CHIC CRETEIL FRANCE
SITY OF VIENNA ODILE DICKY CHUTOULOUSE ~ FRANCE
KELLY MELLUL APHP NECKER FRANCE LAURENCE DILLENSEGER CHU DE FRANCE
GAELLE SORIN HOPITAL MAR- FRANCE STRASBOURG
SEILLENORD IZASKUN DORRONSORO HOSPITAL SPAIN
LUDOVIC TRELUYER APHP COCHIN FRANCE QUIRONSALUD
DAVID HEALY UNIVERSITY COL-  IRELAND XAVIER DURRMEYER CHIC CRETEIL FRANCE
LEGE CORK SOPHIE LABORIE HOPITAL FEMME ~ FRANCE
MARI LIS ILMOJA TALLINN CHIL- ESTONIA MERE ENFANT
DREN'S HOSPITAL CARINE LALLEMANT CHUDERENNES ~ FRANCE
ELSA KERMORVANT APHP NECKER FRANCE NOEMIE LEFEVRE APHP NECKER FRANCE
VITO MONDI Ospedale Poli- ITALIA SANDRA LESCURE CHUTOULOUSE  FRANCE
clinico Casilino,
Rome NATHALIE MONTJAUX CHUTOULOUSE ~ FRANCE
DIMITRIOS RALLIS UNIVERSITY GREECE CORINNE RAGOUILLIAUX ~ HOPITAL FRANCE
HOSPITAL CROIX-ROUSSE
OF IOANNINA MARTA SARDA PARC TAULI SPAIN
NURIA TORRE PARC TAULI SPAIN HELENE SCHIEBER APHP NECKER FRANCE
HELENE YAGER CHIC CRETEIL FRANCE HANS JORGEN STENSVOLD OSLO UNIVERSITY  NORWAY
ELODIE ZANATAIEB APHP COCHIN FRANCE HOSPITAL
LAURE CARNEIRO CHRUDETOURS ~ FRANCE KENNETH STROMMEN SéLS(;#EL'VERS'TY NORWAY
CECILE CIPIERRE CHUDANGERS ~ FRANCE
JOAO VIRTUOSO CHLO-HSF XAVIER ~ PORTUGAL
ARACELI CORREDERA HOSPITAL CLINICO  SPAIN
SAN CARLOS NOURA ZAYAT CHU NANTES, FRANCE
HOPITAL MERE
GILLES DASSIEU CHIC CRETEIL FRANCE ENFANT
RIM DEBBICHE CHIC CRETEIL FRANCE JULE ABBAL CHUTOULOUSE  FRANCE
FABRICE DECOBERT CHIC CRETEIL FRANCE NAHLA AHMED UNIVERSITY COL-  IRELAND
LEIF EVAGGELIDIS KAROLINSKA UNI-  SWEDEN LEGE CORK
VERSITY HOSPITAL, ALBERTO BERENGUER CHULN-HOSPITAL ~ PORTUGAL
STOCKHOLM SANTA MARIA
AURELIE GARBI HOPITAL MAR- FRANCE ROBERTO CHIOMA UNIVERSITY COL-  IRELAND
SEILLE NORD LEGE CORK
MAARJA HALLIK EASTTAL- ESTONIA yshwarya Stapleton UNIVERSITY COL-  IRELAND
LINN CENTRAL LEGE CORK
HOSPITAL
SOPHIE DELORME CHIC CRETEIL FRANCE
EMILIE JOURDES CHUTOULOUSE ~ FRANCE
ELODIE GARNIER CHRUDETOURS ~ FRANCE
CLAIRE LANGLET MUTEAU  CHU DE FRANCE
CTRASBOURG JOANA GIL CHULN-HOSPITAL ~ PORTUGAL
SANTA MARIA
BERTRAND LEBOUCHER CHUDANGERS ~ FRANCE
RAQUEL GOUVEIA CHULN-HOSPITAL ~ PORTUGAL
JURATE PANAVIENE UNIVERSITY COL-  IRELAND SANTA MARIA
LEGE CORK
ISABELLE GRANDVUILLEMIN HOPITALDELA  FRANCE
MARION PLOURDE CHUDANGERS ~ FRANCE CONCEPTION
ouTl TAMMELA TAMPERE UNIVER- FINLAND SHUSHANIK HOVHANNISYAN  APHP NECKER FRANCE
SITY HOSPITAL
ANDREI MORGAN HOPITAL MAR- FRANCE
GERALDINE APPRIOUAL CHU NANTES, FRANCE SEILLE NORD
HOPITAL MERE ,
ENFANT PIERMICHELE PAOULILLO Ospedale Poli- TALIA
clinico Casilino,
CLEMENCE AUZET CHUTOULOUSE ~ FRANCE

Rome




Ursino et al. Trials (2025) 26:52

CHIARA PASSARELLA UNIVERSITY COL- IRELAND
LEGE CORK

ANNE SOPHIE PELLOT HOPITAL FEMME FRANCE
MERE ENFANT,
LYON

SIMONETTA PICONE Ospedale Poli- ITALIA
clinico Casilino,
Rome

NIKOLAOS PODIMATAS ATTIKON GENERAL  GREECE
HOSPITAL

ANA RITA PRIOR CHLO-HSF XAVIER ~ PORTUGAL

MONICA REBELO CHULN-HOSPITAL ~ PORTUGAL
SANTA MARIA

ANGELA SAINZ HOSPITAL CLINICO  SPAIN
SAN CARLOS

EDMUNDO SANTOS CHLO-HSF Xavier PORTUGAL

JULIETTE SUHARD CHRU DE TOURS FRANCE

CAMILLE THEVENIAUT CHU NANTES, FRANCE
HOPITAL MERE
ENFANT

TIINA UKKONEN OULU UNIVERSITY  FINLAND
HOSPITAL

MATHILDE YVERNEAU CHU DE RENNES FRANCE

Authors’ contributions

Study concept and design: Rozé, Alberti, Hallman. Drafting of the manuscript:
Rozé, Moréno, Alberti, Dialllo, Levoyer, Cambonie. Critical revision of the manu-
script forimportant intellectual content: All authors. Statistical analysis/method-
ologist: Moreno, Alberti. Study supervision: Rozé.

Funding

The project conect4children has received funding from the Innovative Medi-
cines Initiative 2 Joint Undertaking under grant agreement No. 777389. The
Joint Undertaking receives support from the European Union's Horizon 2020
research and innovation program and EFPIA (European Federation of Phar-
maceutical Industries Associations). The publication reflects the author’s view
and neither IMI nor the European Union, EFPIA, or any associated partners
are responsible for any use that may be made of the information contained
therein.

Declarations

Competing interests
The authors declare no competing interests.

Author details

"Université Paris Cité, AP-HP, Unité dépidémiologie clinique, Inserm, CIC-EC
1426 Paris, France. “Centre de Recherche des Cordeliers, INSERM, Sorbonne
Université, USPC, Université Paris Cité, Paris, France. 3Inria, HeKA, Paris, France.
“Université de Montpellier, CHU de Montpelllier, Montpellier, France. >Euro-
pean Foundation for the Care of Newborn Infants (EFCNI), Munich, Germany.
SInstitut de Santé Publique, Pole Recherche Clinique, INSERM, Paris, France.
’Clinical Trial Safety and Public Health, ANRS| Emerging Infectious Diseases,
Paris, France. 8Clinical Research Safety Department, INSERM, Paris, France.
9Department of Pediatrics and Adolescent Medicine, Oulu University Hospital,
and Research Unit of Clinical Medicine and MRC Oulu, University of Ouluy,
Oulu, Finland. "°Nantes Université, CHU Nantes, INSERM, CIC FEA 1413, Nantes,
France.

Received: 14 April 2024 Accepted: 27 January 2025
Published online: 13 February 2025

Page 150f 16

References

1. Gamble C, Krishan A, Stocken D, Lewis S, Juszczak E, Doré C, et al. Guide-
lines for the content of statistical analysis plans in clinical trials. JAMA.
2017;318:2337-43.

2. Bouazza N, Cambonie G, Flamant C, Rideau A, Tauzin M, Patkai J, et al.
Prophylactic intravenous acetaminophen in extremely premature infants:
minimum effective dose research by Bayesian approach. Paediatr Drugs.
2024;26:83-93.

3. Ancel PY, Goffinet F, Group EPIPAGE 2 Writing. EPIPAGE 2: a preterm birth
cohort in France in 2011. BMC Pediatr. 2014;14:97.

4. Ancel PY, Goffinet F, EPIPAGE-2 Writing Group, Kuhn P, Langer B, Matis J,
et al. Survival and morbidity of preterm children born at 22 through 34
weeks'gestation in France in 2011: results of the EPIPAGE-2 cohort studly.
JAMA Pediatr. 2015;169:230-8.

5. Marlow N, Bennett C, Draper ES, et al. Perinatal outcomes for extremely
preterm babies in relation to place of birth in England: the EPICure 2
study. Arch Dis Child Fetal Neonatal. 2014,99:F181-8.

6. Vogel JB, Oladapo OT, Manu A, Gllmezoglu AM, Bahl R. New WHO recom-
mendations to improve the outcomes of preterm birth. Lancet Glob
Health. 2015;3:589-90.

7. Cheong JLY, Lee KJ, Boland RA, Spittle AJ, Opie GF, Burnett AC, et al.
Changes in long-term prognosis with increasing postnatal survival and
the occurrence of postnatal morbidities in extremely preterm infants
offered intensive care: a prospective observational study. Lancet Child
Adolesc Health. 2018;2:872-9.

8. Davis JM, Turner MA. Global collaboration to develop new and existing
drugs for neonates. JAMA Pediatr. 2015;169:887-8.

9. Ohlsson A, Shah PS. Paracetamol (acetaminophen) for patent ductus
arteriosus in preterm or low birth weight infants. Cochrane Database Syst
Rev. 2020;1:CD010061.

10. Evans N. Preterm patent ductus arteriosus: a continuing conundrum for
the neonatologist? Semin Fetal Neonatal Med. 2015;20:272-7.

11. Benitz WE, Committee on Fetus and Newborn. Patent ductus arteriosus
in preterm infants. Pediatrics. 2016;137:3730.

12. Jensen EA, Dysart KC, Gantz MG, Carper B, Higgins RD, Keszler M, et al.
Association between use of prophylactic indomethacin and the risk for
bronchopulmonary dysplasia in extremely preterm infants. J Pediatr.
2017;186:34-40.e2.

13. Edstedt Bonamy AK, Gudmundsdottir A, Maier RF, Toome L, Zeitlin J,
Bonet M, et al. Patent ductus arteriosus treatment in very preterm infants:
a European Population-Based Cohort Study (EPICE) on variation and
outcomes. Neonatology. 2017;111:367-75.

14. Rozé JC, Cambonie G, Marchand-Martin L, Gournay V, Durrmeyer X, Durox
M, et al. Association between early screening for patent ductus arteriosus
and in-hospital mortality among extremely preterm infants. JAMA.
2015;313:2441-8.

15. Chock VY, Bhombal S, Variane GFT, Van Meurs KP, Benitz WE. Ductus
arteriosus and the preterm brain. Arch Dis Child Fetal Neonatal Ed.
2023;108:96-101.

16. Lemmers PM, Benders MJ, D’Ascenzo R, Zethof J, Alderliesten T, Kers-
bergen KJ, et al. Patent ductus arteriosus and brain volume. Pediatrics.
2016;137:€20153090.

17. Villamor E, van Westering-Kroon E, Gonzalez-Luis GE, Barto$ F, Abman SH,
Huizing MJ. Patent ductus arteriosus and bronchopulmonary dysplasia-
associated pulmonary hypertension: a Bayesian meta-analysis. JAMA
Netw Open. 2023;6:62345299.

18. Cambonie G, Rozé JC, Marchand-Martin L, Marret S, Durrmeyer X, Torchin
H, Ancel PY. Neurodevelopment at 5 years of age according to early
screening for patent ductus arteriosus in extremely preterm infants.
JAMA. 2022;328:71-3.

19. Hundscheid T, Onland W, Kooi EMW, Vijlbrief DC, de Vries WB, Dijkman
KP, et al. Expectant management or early ibuprofen for patent ductus
arteriosus. N Engl JMed. 2023;388:980-90.

20. Mitra S, de Boode WP, Weisz DE, Shah PS. Interventions for patent ductus
arteriosus (PDA) in preterm infants: an overview of Cochrane systematic
reviews. Cochrane Database Syst Rev. 2023;4:CD013588.

21. Kluckow M, Jeffery M, Gill A, Evans N. A randomised placebo-controlled
trial of early treatment of the patent ductus arteriosus. Arch Dis Child
Fetal Neonatal. 2014,99:F99-104.

22. Rozé JC, Cambonie G, Le Thuaut A, Debillon T, Ligi I, Gascoin G, et al.
Effect of early targeted treatment of ductus arteriosus with ibuprofen on



Ursino et al. Trials (2025) 26:52

23.

24.

25.

26.

27.

28.

29.

30.
31

32.

33.

34

35.

36.

37.

38.

39.

40.

survival without cerebral palsy at 2 years in infants with extreme prema-
turity: a randomized clinical trial. J Pediatr. 2021;233:33-42.e2.

Gupta S, Subhedar NV, Bell JL, Field D, Bowler U, Hutchison E, et al. Trial of
selective early treatment of patent ductus arteriosus with ibuprofen. N
Engl J Med. 2024;390:314-25.

Jasani B, Mitra S, Shah PS. Paracetamol (acetaminophen) for patent duc-
tus arteriosus in preterm or low birth weight infants. Cochrane Database
Syst Rev. 2022;12:CD010061.

van den Anker JN, Allegaert K. Treating pain in preterm infants: moving
from opioids to acetaminophen. J Pediatr. 2016;168:13-5.

Allegaert K, Anderson B, Simons S, van Overmeire B. Paracetamol to

induce ductus arteriosus closure: is it valid? Arch Dis Child. 2013:98:462-6.

Harkin P, Harma A, Aikio O, Valkama M, Leskinen M, Saarela T, Hallman M.
Paracetamol accelerates closure of the ductus arteriosus after premature
birth: a randomized trial. J Pediatr. 2016;177:72-77 .€2.

Higgins RD, Jobe AH, Koso-Thomas M, Bancalari E, Viscardi RM, Hartert TV,
et al. Bronchopulmonary dysplasia: executive summary of a workshop. J
Pediatr. 2018;197:300-8.

Papile LA, Burstein J, Burstein R, Koffler H. Incidence and evolution of
subependymal and intraventricular hemorrhage: a study of infants with
birth weights less than 1,500 gm. J Pediatr. 1978;92:529-34.

Bell MJ. Neonatal necrotizing enterocolitis. N Engl J Med. 1978;298:281-2.
Baud O, Maury L, Lebail F, Ramful D, El Moussawi F, Nicaise C, et al. Effect
of early low-dose hydrocortisone on survival without bronchopulmonary
dysplasia in extremely preterm infants (PREMILOC): a double-blind, pla-

cebo-controlled, multicentre, randomised trial. Lancet. 2016;387:1827-36.

Baud O, Trousson C, Biran V, Leroy E, Mohamed D, Alberti C, et al. Asso-
ciation between early low-dose hydrocortisone therapy in extremely
preterm neonates and neurodevelopmental outcomes at 2 years of age.
JAMA. 2017;317:1329-37.

Aupiais C, Alberti C, Schmitz T, Baud O, Ursino M, Zohar S. Bayesian non-
inferiority approach using experts margin elicitation-application to the
monitoring of safety events. BMC Med Res Methodol. 2019;19:187.
Morita S, Thall PF, Miller P. Determining the effective sample size of a
parametric prior. Biometrics. 2008;64:595-602.

Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT 2010 State-
ment: updated guidelines for reporting parallel group randomised trials.
Trials. 2010;11:32.

Olsen IE, Groveman SA, Lawson ML, Clark RH, Zemel BS. New intrauterine
growth curves based on United States data. Pediatrics. 2010;125:€214-24.
Walsh MC, Yao Q, Gettner P, Hale E, Collins M, Hensman A, et al. Impact of
a physiologic definition on bronchopulmonary dysplasia rates. Pediatrics.
2004;114:1305-11.

Sauzet O, Peacock J. Binomial outcomes in dataset with some clusters of
size two: can the dependence of twins be accounted for? A simulation
study comparing the reliability of statistical methods based on a dataset
of preterm infants. BMC Med Res Methodol. 2017;17:110.

Rozé JC, Ancel PY, Lepage P, Martin-Marchand L, Al Nabhani Z, Delannoy
J, et al. Nutritional strategies and gut microbiota composition as risk fac-
tors for necrotizing enterocolitis in very-preterm infants. Am J Clin Nutr.
2017;106:821-30.

Cuttini M, Croci |, Toome L, Rodrigues C, Wilson E, Bonet M, et al. Breast-
feeding outcomes in European NICUs: impact of parental visiting policies.
Arch Dis Child Fetal Neonatal Ed. 2019;104:F151-8.

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

Page 16 of 16



	TREOCAPA: prophylactic treatment of the ductus arteriosus in preterm infants by acetaminophen—statistical analysis plan for the randomized phase III group sequential trial
	Abstract 
	Background 
	Methods and analysis 
	Discussion 
	Ethics and dissemination 
	Trial registration 

	Introduction
	Background
	Uncertainty and controversy about management of patent ductus
	Prophylactic or early targeted indomethacin or ibuprofen not recommended
	Acetaminophen to close the ductus arteriosus
	Hypotheses of the present study

	Trial design
	Design
	Patient and public involvement
	Study setting
	Study participants
	Inclusion criteria
	Exclusion criteria

	Randomization and data management
	Pharmacological intervention and blinding
	Investigational medicinal product (IMP)
	IMP administration

	Timing of outcome assessments
	Primary outcome
	Secondary outcomes
	Sample size calculation
	Interim analysis and stopping rules
	Safety reporting
	Adherence and protocol deviations
	Withdrawal from the trial

	Statistical analysis plan
	Overall principles
	Patient flow
	Population definition
	Intention to treat population
	Per-protocol population
	Safety population
	Loss to follow-up

	Statistical analyses
	Baseline characteristics
	Primary outcome analyses
	Secondary outcome analyses
	Subgroup analyses of primary outcome
	Sensitivity analyses
	Missing data
	Safety data analysis

	Deviation from the analysis described in the protocol

	Further sub-studies
	Ethics
	Trial design
	Trial status
	Trial reporting
	Acknowledgements
	References


