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Abstract 

Background Preterm birth complications are the leading cause of newborn and under-5 mortality. Over 85% of all 
preterm births occur in the late preterm period, i.e. between 34 and < 37 weeks of gestation. Antenatal corticosteroids 
(ACS) prevent mortality and respiratory morbidity when administered to women at high risk of an early preterm birth, 
i.e. < 34 weeks’ gestation. However, the benefits and risks of ACS in the late preterm period are less clear; both guide-
lines and practices vary between settings. Emerging evidence suggests that the benefits of ACS may be achievable 
at lower doses than presently used. This trial aims to determine the efficacy and safety of two ACS regimens com-
pared to placebo, when given to women with a high probability of late preterm birth, in hospitals in low-resource 
countries.

Methods WHO ACTION III trial is a parallel-group, three-arm, individually randomized, double-blind, placebo-con-
trolled trial of two ACS regimens: dexamethasone phosphate 4 × 6 mg q12h or betamethasone phosphate 4 × 2 mg 
q 12 h. The trial is being conducted across seven sites in five countries—Bangladesh, India, Kenya, Nigeria, and Paki-
stan. Eligible women are those with a gestational age between 34 weeks 0 days and 36 weeks 5 days, who have 
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a high probability of preterm birth between 12 h and 7 days (up to 36 weeks 6 days gestation). The primary outcome 
is a composite of stillbirth or neonatal death within 72 h of birth or use of newborn respiratory support within 72 h 
of birth or prior to discharge from hospital, whichever is earlier. Secondary outcomes include safety and health utiliza-
tion measures for both women and newborns. The sample size is 13,500 women.

Discussion This trial will evaluate the benefits and possible harms of ACS when used in women likely to have a late 
preterm birth. It will also evaluate a lower-dose ACS regimen based on literature from pharmacokinetic studies. The 
results of this trial will provide robust critical evidence on the safe and appropriate use of ACS in the late preterm 
period internationally.

Trial registration ISRCT N1143 4567. Registered on 7 June 2021.

Keywords Antenatal corticosteroids, Late preterm birth, Dexamethasone, Betamethasone, Low- resource setting

Background
The global burden of preterm birth
Globally, in 2020, an estimated 13.4 million babies were 
born preterm, with 85% of these births occurring in mod-
erate to late preterm period, i.e. between 32 to < 37 weeks’ 
gestation [1]. Approximately 65% of all preterm births 
occurred in South Asian and sub-Saharan African coun-
tries [1]. Complications of preterm birth led to the death 
of nearly 1 million newborns in the same year and are 
presently the leading cause of death amongst children 
under 5 years of age [1, 2]. Preterm newborns are at an 
increased risk of acute- and long-term respiratory, infec-
tious, and neurological complications. Although these 
risks are substantially higher in infants born at earlier 
gestations, late preterm infants also experience a signifi-
cantly higher rate of morbidity, mortality, and adverse 
neurodevelopment compared to term-born infants [3, 4].

Antenatal corticosteroids in the late preterm period
Antenatal corticosteroids (ACS) are a key intervention 
to mitigate the risk of mortality and morbidity result-
ing from the complications of preterm birth. Evidence 
from multiple randomized trials largely in high-income 
settings has shown that when ACS are administered to 
women with a high probability of preterm birth prior to 
34  weeks’ gestation, they can reduce neonatal mortality 
and respiratory morbidity [5]. More recently, the World 
Health Organization (WHO) ACTION I trial has conclu-
sively demonstrated similar results even in low-resource 
settings, when ACS are used in hospitals in accordance 
with criteria set out in the guidelines for ACS use by the 
WHO [6]. However, the benefits and risks of ACS in the 
late preterm period are less clear.

The most recent update of the Cochrane systematic 
review on ACS efficacy identified seven trials evalu-
ating ACS in the late preterm period [7]. The review 
found no discernable effect of ACS on perinatal or neo-
natal mortality amongst studies that enrolled women 
from 34  weeks 0  days to < 37  weeks gestation, although 
there was a reduction in the risk of respiratory distress 

syndrome (RDS) (RR 0.75, 95% CI 0.60, 0.95). A sepa-
rate systematic review of five ACS trials that enrolled 
3844 women from 34 weeks 0 days gestation drew simi-
lar conclusions (reduced need for respiratory support, 
RR = 0.68, 95% CI 0.47–0.98) [8].

While the Cochrane meta-analysis on ACS in the late 
preterm period included trials from high-, middle-, and 
low-income countries, a single trial from the United 
States—the Antenatal Late Preterm Steroid (ALPS Trial) 
[9]—accounted for more than 75% of the sample size. 
The ALPS trial reported that compared to placebo, ACS 
reduced the need for respiratory support amongst neo-
nates (RR 0.80, 95% CI 0.66–0.97) although there was 
no difference in RDS. It has been suggested that the 
difference may have been driven by reduction in tran-
sient tachypnoea of the newborn (TTN) [9]. The trial 
also reported an increase in the risk of hypoglycaemia 
amongst babies in the ACS arm (RR 1.60, 95% CI 1.37–
1.87). Smaller subsequent studies in India and Lebanon 
(a trial with 310 and a prospective cohort with 295 par-
ticipants respectively) on ACS in the late preterm period 
have not reported any reductions in rates of RDS, TTN, 
or neonatal intensive care unit admissions [10, 11]. The 
WHO ACTION-II trial that randomized 782 women in 
India between 34  weeks 0  days and 36  weeks 0  days to 
ACS or placebo did not find differences in benefit or 
safety outcomes, though this trial was under-powered to 
reach a clear conclusion [12].

Concerns regarding ACS safety and efficacy in low- 
and middle-income countries, including during the late 
preterm period, were raised by the adverse findings of 
the Antenatal Corticosteroids Trial (ACT) [13]. ACT 
was a community-based, cluster-randomized implemen-
tation trial conducted in six low- and middle-income 
countries  LMICs (Argentina, Guatemala, India, Kenya, 
Pakistan, and Zambia), which evaluated a complex inter-
vention that aimed to scale-up ACS use. ACT reported 
significantly higher rates of neonatal death, stillbirth, and 
possible maternal infection amongst the intervention 
clusters. These harmful effects appeared concentrated in 
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newborns at and above the 25th birthweight percentile, 
in whom the relative increase in mortality was 30%. As 
birthweight was used as a proxy measure for gestational 
age in this trial, it would suggest that larger, more mature 
newborns (higher gestational age) were potentially at 
greater risk of mortality [13].

Evaluating a lower dose of ACS
A guiding principle of therapeutics is to give the lowest 
effective dose required to confer benefit, which can help 
minimize any risks of harm. Despite being used clini-
cally for over 50 years, the optimal ACS dosing regimen 
is largely unexplored [14]. Dose-ranging studies have not 
been performed for ACS. Clinically recommended ACS 
regimens today are largely similar to those used in the 
original Liggins trial of 1972 [15]. This is particularly rel-
evant for ACS, as steroids have effects on multiple organ 
systems in the preterm fetus [16]. The clinical use of ACS 
for fetal lung development remains off-label, though 
injectable steroid preparations are readily available, are 
inexpensive, and have been widely used for decades.

Recent animal studies have demonstrated that signifi-
cantly lower ACS doses than presently used can induce 
fetal lung maturational changes, suggesting that cur-
rent ACS regimens in clinical use may expose the fetus 
to unnecessarily high steroid levels [17, 18], which 
could mediate some of the adverse effects noted in tri-
als. Recent studies of steroids in non-pregnant [19, 20] 
and pregnant women [21] have provided more informa-
tion on the pharmacokinetics of ACS. Taken together, 
these animal and human studies suggest that a fetal 
steroid concentration of 1–4 ng/ml could bring about a 
lung maturational response. Pharmacokinetic model-
ling of conventionally used ACS regimens suggest that 
fetal steroid levels are approximately 3–4 times higher 
[22]. The duration of fetal exposure to ACS at adequate 
levels is also critical to the maturational response. The 
ACTION-I trial reported that longer intervals were 
associated with better newborn outcomes for early pre-
term newborns, regardless of gestational age at the time 
of administration [6].

There are also concerns regarding the longer-term 
effects of in-utero exposure to ACS on neurodevelop-
ment, learning, and behavioural outcomes in children 
[23, 24]. These concerns and the possibility that lower 
ACS doses may still confer benefit has resulted in clini-
cal trials being initiated with ACS regimens using lower 
doses than that currently recommended by WHO [25]. 
The recent BETADOSE trial in France compared a single 
injection of betamethasone (half the conventional dose 
or 11.4 mg) to two injections of betamethasone (full con-
ventional dose or 22.8 mg) for women at risk of preterm 
birth before 32 weeks of gestation [26]. The trial results 

indicated that the half-dose was inferior to the full dose 
on the need for exogenous surfactant in the newborn on 
an intention-to-treat (RD 2.4%, 95% CI − 0.3 to 5.2) as 
well as on a per-protocol analysis (RD 2.2%, 95% CI − 0.6 
to 5.1). However, it is possible that exposure to prolonged 
adequate concentrations necessary for fetal lung matu-
ration may not have occurred with the half dose, given 
the pharmacokinetics of the betamethasone formula-
tion used (Celestone, i.e. betamethasone phosphate and 
acetate). The ACTION III trial will study the efficacy of 
a lower dose of ACS (betamethasone phosphate 2 mg q 
12 h), which has been selected based on pharmacokinetic 
modelling to provide the desired sustained fetal exposure 
(1–4 ng/ml).

Differences in international clinical recommendations 
on the use of ACS in the late preterm period
Existing guidelines consistently recommend ACS for 
women up to 34 weeks gestation [27–30]. There is, how-
ever, variation between recommendations on ACS in the 
late preterm period. The American College of Obstetri-
cians and Gynecologists (ACOG; USA) guidelines rec-
ommend that betamethasone can be considered up to 
36  weeks 6  days [27], while, the 2019 iteration of the 
European consensus guideline removed the recommen-
dation on the use of ACS in the late preterm period [30]. 
The International Federation of Gynaecology and Obstet-
rics (FIGO) also recommends against routine use of ACS 
after 34 weeks of gestation [28] (Additional file 1).

There is currently a lack of clarity on the clinical ben-
efits of ACS use in the late preterm period and uncer-
tainty about the potential for harm. The WHO ACTION 
III trial will provide valuable information to fill this gap, 
generating critical data for updating clinical guidelines 
internationally on ACS use in the late preterm period.

Methods
The trial protocol is reported in line with the Standard 
Protocol Items: Recommendations for Interventional Tri-
als (SPIRIT) guidelines (Additional file 2) [31].

Aims and objectives
The aim of this trial is to assess the benefits and possi-
ble harms of two regimens of ACS: (i) dexamethasone 
phosphate 4 × 6  mg q12 h or (ii) betamethasone phos-
phate 4 × 2 mg q 12 h) compared to placebo, when given 
to women in the late preterm period (gestational age of 
34 weeks 0 days to 36 weeks 5 days) with a high probabil-
ity of preterm birth. The primary objectives are to com-
pare the effect of each active ACS arm with placebo on 
a composite outcome of stillbirth, neonatal death, or use 
of respiratory support within 72 h of life or prior to dis-
charge from hospital, whichever is earlier. The secondary 
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objectives are to compare the effects of each ACS regi-
men versus placebo on maternal and neonatal safety and 
healthcare utilization outcomes.

Trial design
ACTION III is a parallel-group, three-arm, individually 
randomized, double-blind, placebo-controlled trial of 
two ACS regimens, dexamethasone phosphate 4 × 6  mg 
q12 h regimen and betamethasone phosphate 4 × 2 mg q 
12 h regimen, given to women with a high probability of 
preterm birth in the late preterm period to improve neo-
natal outcomes (Fig. 1).

Study setting
This is a multi-country, multi-centre trial that will be 
conducted in Bangladesh, India, Kenya, Nigeria, and 
Pakistan, in hospitals where the WHO ACS treatment 
criteria can reasonably be met [29]. Specifically, these 
include hospitals where gestational age assessment can 
be accurately undertaken, there is high likelihood of pre-
term birth within 7 days of starting ACS therapy, capacity 
to recognize and rule out any clinical maternal infection, 
adequate childbirth care is available (including capac-
ity to recognize and safely manage preterm labour and 
birth), and the preterm newborn can receive adequate 
care (including resuscitation, kangaroo mother care, 
thermal care, feeding support, infection treatment and 
respiratory support including safe use of oxygen and con-
tinuous positive airway pressure [CPAP] as needed) [29].

A total of 29 hospitals will recruit into the trial. The 
hospitals are largely similar to those that participated in 
the WHO ACTION I trial [6]. Although these are hos-
pitals with the capacity to manage women having pre-
term birth and provide care for preterm newborns with 
minimal out-referral, they do however experience human 
resource and health system challenges that are common 

in LMICs. Trial activities will be facility-based, with hos-
pital or community follow-up of recruited women and 
newborns after hospital discharge to 28 completed days 
of life.

Participants
Women with singleton or multiple pregnancy at 34 weeks 
0 days to 36 weeks 5 days, with at least one live fetus, and 
a high probability of late preterm birth will be included. 
High probability of late preterm birth (up to 36  weeks 
6  days) is defined as birth expected between 12  h and 
7  days after randomization as a result of one of the 
following:

a) Preterm labour with intact membranes, where pre-
term labour is defined as at least 6 regular contrac-
tions/hour and at least one of the following: cer-
vix ≥ 3 cm dilated or 75% effaced;

b) Membranes rupture without preterm labour (pre-
term labour defined as above;

c) Planned delivery by induction of labour or caesarean 
section between 24 h and 7 days, as deemed neces-
sary by the provider. An induction must be scheduled 
to start by 36  weeks 5  days at the latest, whereas a 
caesarean section must be scheduled by 36  weeks 
6 days at the latest.

In order to assess eligibility, a good-quality antena-
tal ultrasound scan with reliable gestational age estima-
tion must be available. If a woman has not received an 
obstetric ultrasound scan of reasonable quality for ges-
tational age estimation previously (at least two weeks 
prior to screening) during the current pregnancy, it must 
be performed as part of eligibility assessment during the 
screening process.

Fig. 1 Trial design
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A woman is ineligible if she is expected to give birth 
in < 12  h (i.e. if she had ruptured membranes with cervix 
dilated ≥ 3 cm or effaced ≥ 75%, or with more than 6 con-
tractions per hour or both cervical changes and contrac-
tions as specified; or cervical dilation ≥ 8  cm with intact 
membranes) or if there is evidence of non-reassuring fetal 
status or other clinical indications that may require imme-
diate preterm delivery. She will be excluded if the obstetric 
care provider has a clinical suspicion or evidence of clinical 
chorioamnionitis or severe infection, if she has received any 
systemic corticosteroid in the preceding 2  weeks (outside 
of trial), or if no prior ultrasound assessment of gestational 
age is available and an immediate ultrasound examination 
is not possible. Other reasons a woman may be ineligible to 
participate include a major or lethal congenital fetal anom-
aly being identified, confirmed COVID infection deemed 
severe enough to require steroid treatment as per national 
standards of COVID treatment, if the woman is unwilling 
or unable to provide consent or assent (including due to 
active labour), is currently participating in another clinical 
trial, or has previously participated in any ACTION trial 
or any other clinical indication where the treating clinician 
considers corticosteroids to be contraindicated.

Intervention and control
The intervention regimens are (a) dexamethasone phosphate 
4 × 6 mg q12 h or (b) betamethasone phosphate 4 × 2 mg q12 
h. A single course of 6 mg intramuscular (IM) dexametha-
sone phosphate or 2 mg IM betamethasone phosphate will 
be administered every 12 h, to a total of four doses or until 
birth occurs, whichever occurs first. The control arm will 
receive four saline injections of the same volume at the same 
dosing intervals. Women in all arms will receive the same 
level of standard clinical care. The research staff will record 
the date and time of administration of each dose. The inter-
vention will be discontinued if participants ask to withdraw 
from the study at any time, without any coercion.

Outcomes
Primary outcomes
The primary outcome is a composite of stillbirth or neo-
natal death within 72 h of birth or use of respiratory sup-
port within 72 h of birth or prior to discharge from the 
hospital, whichever is earlier. Use of respiratory support 
is defined as any one of the following: (i) use of invasive 
mechanical ventilation, (ii) continuous use of CPAP for 
12 h or more with a  FiO2 ≥ 0.4 at any time, or (iii) contin-
uous use of supplementary oxygen for 24 h or more with 
a  FiO2 ≥ 0.4 at any time.

Secondary outcomes (also see Additional file 3)
Newborn mortality and respiratory morbidity outcomes: 
stillbirth; neonatal death within 72 h, 7 days, and 28 days 

of birth; resuscitation at birth (i.e. use of positive pressure 
ventilation for > 1  min at birth); severe respiratory dis-
tress within 72 h of birth or prior to discharge from the 
hospital; use of respiratory support within 72 h of birth 
or prior to discharge from the hospital (as defined above); 
death or mechanical ventilation or very high CPAP set-
tings (≥ 8  cm water pressure and ≥ 0.7  FiO2) in the first 
72 h of birth; and cause-specific mortality.

Newborn safety outcomes: neonatal sepsis in the first 
7 days of birth; hypoglycaemia in the first 36 h after birth.

Newborn health service utilization outcomes: admis-
sion to neonatal care unit in the first 3 days after birth; 
duration of birth hospitalization; and any parenteral anti-
biotic use in the first 7 days after birth.

Maternal safety outcomes: maternal death; possible 
maternal bacterial infection during hospital admission(s); 
chorioamnionitis; and postpartum endometritis.

Maternal health service utilization outcomes: duration 
of hospital stay; any therapeutic antibiotic use; and any 
antibiotic use.

Additionally, all participating sites will report all 
adverse events for both the mother and the newborn in 
line with the Good Clinical Practice (GCP) guidelines of 
the International Council for Harmonization (ICH) GCP, 
E6(R2), with causality assessment in line with the WHO-
UMC system for standardized case causality assessment. 
We have a detailed standard operating procedure and 
case record forms for recording the adverse events (two 
sets of forms for each adverse event—initial and clo-
sure). The adverse events are entered into the database 
and reported to both the Institutional Review Boards 
and WHO TCU and are monitored periodically by the 
DSMB. The statistical analysis plan has a detailed section 
on the plan for analysing adverse events.

Participant timeline
The participant timeline and follow-up process are sum-
marized in Fig. 2. Screening, informed consent, and ran-
domization will take place in study hospitals where the 
mother has presented and will give birth. Randomized 
women and their newborns will be followed up during 
the hospital stay and then to 28  days after birth. After 
randomization, study data will be recorded by trained 
research staff in participating hospitals. All randomized 
participants (women and newborns) will have scheduled 
postpartum/postnatal follow-up visits conducted on day 
8 and day 29.

Screening, informed consent, and recruitment to the trial
Pregnant women admitted to the antenatal, labour ward 
or emergency admission area in the third trimester at par-
ticipating hospitals will be routinely evaluated on arrival 
by obstetric care physicians. Women with clinical features 
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or indications suggestive of preterm birth in the late pre-
term period will be informed of the study. Study staff 
(including research or clinical staff trained in study proce-
dures) will conduct formal screening using a standardized 
screening form. The screening population is women who 
are between 34 weeks 0 days and 36 weeks 5 days and who 
are expected to deliver between 12 h and 7 days. Screen-
ing will consist of three key activities to assess women for 
eligibility and trial entry: assessment of gestational age 
(34 weeks 0 days to 36 weeks 5 days), assessment to ascer-
tain if the delivery is likely between 12 h and 7 days, and 
assessment for any of the exclusion criteria.

Gestational age will be ascertained based on a best 
obstetric estimate combining information from the last 
menstrual period, regularity of cycles, and informed by 
the earliest ultrasound obtained during the pregnancy. 
Women will receive an ultrasound assessment for gesta-
tional age as part of this screening process if an obstetric 
ultrasound of reasonable quality for gestational age esti-
mation has not been performed during the current preg-
nancy at least 2  weeks prior to the screening. In these 
screening ultrasounds, biometric measurement and ges-
tational age assignment will be performed using INTER-
GROWTH-21st project biometry guidelines and fetal 
growth curves, respectively [32] (Additional file 4: Fig. 1). 
Prior to enrolling patients, all study sites will receive 
standardized training in the ultrasound evaluation of fetal 
biometry in the third trimester. Throughout the study, 
images will be reviewed regularly for quality assurance.

Research staff will seek informed consent from all eligi-
ble women who are willing to participate in the trial. All 
women will receive information about the trial in their 
language of choice via an information sheet. If willing 
to participate, the informed consent form will be signed 
by the participant and study staff. If a potentially eligible 
woman is a legal minor (according to country’s defini-
tions) and willing to participate in the study, both assent 
(from the potential participant) and consent (from the 
parent or legal guardian) will be sought. If any woman is 
unable to complete the full screening and informed con-
sent process (due to distress, or other reasons), they will 
not be recruited into the study. Recruitment into the trial 
will be reviewed by the WHO TCU at monthly intervals. 

Additional hospitals will be added, and the recruitment 
period will be extended to meet the target sample size, if 
required.

Allocation sequence generation
Participants will be randomly assigned to either dexa-
methasone-4 × 6  mg, betamethasone-4 × 2  mg ACS 
regimen, or placebo in a 1:1:1 allocation as per a com-
puter-generated randomization sequence, in balanced 
permuted blocks. The randomization sequence will be 
generated by a researcher external to the ACTION III 
trial. The assignment schedule will be stored at WHO 
headquarters in Geneva, Switzerland. All sites will 
receive treatment packs according to the randomization 
sequence, assembled in special dispensers. Facility study 
team members at participating sites will remove and 
open the next pack from the dispenser for allocation as 
per a set standard operating procedure.

Allocation concealment and blinding
Allocation concealment will be achieved by having iden-
tical treatment packs across the three arms. At the time 
of randomization, study staff will take the next sequen-
tially numbered pack from the box (Additional file  4: 
Fig. 2). The IM injections will be administered by the hos-
pital staff nurses according to study procedures.

Participants, care providers, investigators, the WHO 
trial coordinating unit, data collectors, and the statisti-
cal team will be blind to the group allocation. Each active 
drug will have its own saline placebo identically packaged 
to allow for blinding of the three arms. Betamethasone 
phosphate (4  mg/ml as 1  ml ampules) and its placebo 
(1 ml normal saline) will be manufactured by Recipharm 
AB®. Dexamethasone (4  mg/ml as 1  ml ampules) and 
its placebo (1  ml normal saline) will be manufactured 
by Fresenius Kabi®. To ensure blinding, all three arms 
will have specially designed identical packaging, appear-
ance, labelling of ampoules, and the same volumes to be 
administered.

Emergency unblinding procedures
The principal investigators at each site and a designated 
WHO project manager will receive the participants’ 

(See figure on next page.)
Fig. 2 SPIRIT figure. Schedule of enrolment, interventions, and assessments “*” indicates the following: measurement from birth to 72 h after birth 
or discharge is done every 6 h then every 24 h till day 6 thereafter. “#” indicates the following: other neonatal secondary outcomes include 
cause-specific mortality; use of positive pressure ventilation > 1 min at birth; hypoglycaemia in first 36 h after birth; newborn severe respiratory 
distress from birth to 72 h or prior to discharge whichever is earlier; use of newborn respiratory support or high settings for continuous positive 
airway pressure (CPAP) or mechanical ventilation from birth to 72 h or prior to discharge whichever is earlier; admission to neonatal care unit in first 
72 h after birth; and any parenteral antibiotic use till 7 days after birth and duration of birth hospitalization. Another composite secondary newborn 
outcome is stillbirth OR neonatal death within 72 h after birth OR invasive mechanical ventilation OR need for very high CPAP settings (≥ 8 cm water 
pressure and ≥ 0.7  FiO2) within 72 h after birth or prior to discharge, measured from enrolment till 72 h after birth or discharge, whichever is earlier
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Fig. 2 (See legend on previous page.)
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treatment codes in the form of separate sealed envelopes 
that contain the treatment allocation for each partici-
pant, in case the code for a participant’s treatment needs 
to be broken urgently.

Retention and follow‑up procedures
The study team will request contact details (address, phone 
number, relatives) from randomized women, in order to 
facilitate communication at follow-up to 28 days after birth 
by home visit. Data collectors will make every reasonable 
effort to follow the woman and her newborn for the entire 
study period. After randomization, outcomes occurring in 
the facility (prior to discharge) will be captured by research 
study staff working in participating hospitals. At the time 
of discharge, the woman will be advised to return to the 
study hospital or call the site investigators in the event of 
any adverse outcomes for her or her baby.

Data management
Data will be managed centrally by a data management 
team, supervised directly by WHO project managers. A 
web-based, Good Clinical Practice (GCP)-compliant data 
management platform Kamolo, [Centro Rosarino Estu-
dios Perinatales (CREP)] will be used and be overseen 
by the site data managers. All data will be collected in 
study centres on paper case report forms (CRFs). Qual-
ity control will be performed at each site, and a validation 
system will be built into the data entry and management 
system to ensure consistency, accuracy, and complete-
ness of the data collected. The study statistician will be 
responsible for the development of the statistical analysis 
plan and reporting to the DSMB.

Confidentiality
To ensure participant confidentiality, each participant 
will be identified by a unique ID number. The local trial 
register linking personal information and trial ID num-
bers, and all personal information of participants, will 
be kept separate from the CRFs. Trial documents will be 
kept securely under lock and key in the research offices 
and will not be accessible, other than to the researchers. 
Data will be entered by trial ID number in the password-
protected data management system to which only trial 
staff will have access. The trial report will not contain the 
names of any participants, and after completion of the 
trial, the trial documents will be archived in accordance 
with institutional and national regulations for clinical 
research archiving.

Statistical methods
Sample size
It is estimated that the prevalence of the primary com-
posite outcome in the control arm will be between 10 and 

12% based on data from ACTION I [6], ACTION II [12], 
and the ALPS trials [9]. A reduction of 20% is the minimal 
change deemed acceptable in the composite outcome, in 
order to change practice. Assuming a 2.5% loss to follow-
up by 28 days after birth (a conservative estimate based 
on < 1% loss to follow-up on day 28 in ACTION-I trial 
in similar sites), a sample size of 4500 women per arm in 
the three-arm trial will have at least 80% power and α at 
0.027 to account for multiple comparisons using Dun-
nett’s method to detect a 20% reduction in the composite 
primary outcome.

Statistical methods for primary and secondary outcomes
The primary intention-to-treat analysis will be based on 
all participants (i.e. newborns of randomized women, 
and women) with outcome data available. Data from par-
ticipants who withdraw their consent for their data to be 
used will be excluded from the analysis and considered 
lost to follow-up. For missing data, we will first perform a 
sensitivity analysis for all those babies for whom we have 
absolutely no data on and report both best- and worst-
case scenarios. The sensitivity analyses will be reported 
separately. Comparative analyses between trial arms will 
consider multiplicity as both ACS arms use the same pla-
cebo arm as a comparator: confidence intervals for the 
intervention effect (e.g. risk ratios) will be computed to 
have a joint 95% coverage probability using Dunnett’s 
method [33].

The primary outcome and most secondary outcomes 
are binary variables. For these outcomes, the total num-
ber of observations, number of missing values, and 
percentages will be reported per arm. Comparisons of 
outcomes between each intervention arm and the pla-
cebo arm will be described using risk ratios. Risk ratios 
will be estimated by binomial generalized estimating 
equations with log links and robust standard errors to 
account for potential correlation of outcomes amongst 
babies born to the same mother. The primary analysis will 
include arm and site as fixed covariates, and a secondary 
analysis will also adjust for any baseline covariates for 
which there is an important imbalance at baseline. If the 
log binomial models fail to converge, then Poisson mod-
els with robust standard errors will be used.

For continuous outcomes (duration of birth hospi-
talization for the mothers and the babies), the number 
of participants, missing values, minimum, maximum, 
means, and standard deviations by arm will be reported. 
Comparisons of each ACS dose arm against the placebo 
arm will be described as mean differences. Duration of 
birth hospitalization (continuous neonatal outcome) for 
all babies will be compared between arms as mean dif-
ferences estimated using mixed linear models, includ-
ing a maternal random effect to account for potential 
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correlation of outcomes amongst babies born to the same 
mother. The median duration and Kaplan Meier curves 
will also be reported by arm.

Additionally, maternal and neonatal adverse events that 
are certainly, probably, or possibly related to the inter-
vention will be shown by trial arm, by site, and overall, 
in newborns born to randomized women and in rand-
omized women, respectively.

Interim analyses
A first interim analysis by the data safety monitoring 
board (DSMB) is tentatively planned at 60% recruitment 
completion; however, reporting on safety criteria (includ-
ing adverse events) will occur quarterly. At this first 
interim analysis, the DSMB will look at the performance 
of both active arms combined, versus placebo. This is to 
minimize unnecessary exposure of additional women to 
the placebo (in case the combined arms are better than 
placebo). If the analysis reveals that the combined ACS 
arms are superior to placebo with p < 0.001 (Peto’s rule), 
then the DSMB could recommend cessation of the pla-
cebo arm (after confirming that there is statistical evi-
dence that at least one ACS arm is better than placebo 
with p < 0.025, and for safety p < 0.01 for mortality. How-
ever, recommendations after the results of an interim 
analysis will be guided not only by statistical considera-
tions but also by practical issues (adverse events, unantic-
ipated costs) as well as clinical considerations or external 
new information. In the event of both ACS regimens 
being superior to placebo, and based on a benefit-risk 
assessment, the DSMB could recommend a non-inferior-
ity comparison between the two active arms.

Subgroup analyses
Pre- and post-randomization subgroup analyses will be 
conducted for the primary endpoint. Pre-randomiza-
tion subgroups include different indications for enrol-
ment (i.e. rupture of membranes, preterm labour with 
intact membranes, planned termination), gestational 
age at enrolment (< 34 weeks 6 days, 35 weeks 0 days to 
35 weeks 6 days, > 36 weeks 0 days), study site, and single 
vs multiple births. Post-randomization subgroups include 
gestational age at birth (preterm (< 37 weeks) vs. not pre-
term (≥ 37 weeks), interval from time of IMP administra-
tion (i.e. first dose) to birth (0 to 12 h, > 12 to 24 h, > 24 h 
to 7 days, > 7 days), use of tocolytics post-randomization, 
appropriate size for gestational age (AGA) vs small for 
gestational age (SGA), and mode of birth (vaginal vs. cae-
sarean section). Statistical tests for effect modification by 
the different factors mentioned above will be performed.

While post-randomization subgroup analyses are 
at risk of bias, in the current trial, we believe there are 
good scientific reasons to investigate these subgroups 

as there are plausible reasons why the treatment effects 
could be different. Term newborns (≥ 37 week) exposed 
to ACS may potentially have different risks compared to 
those born preterm, as suggested by ACT [13]. The risks 
of neonatal outcomes have been shown to vary with the 
ACS administration-to-birth interval [6]. The observed 
benefits of ACS on neonatal mortality were significantly 
associated with the use of tocolysis in the ACTION-I trial 
[6]; this will also be explored in this trial. SGA infants are 
already exposed to higher levels of endogenous steroids 
due to pathologic intrauterine stress, and the additional 
administration of exogenous ACS prior to impend-
ing preterm delivery may not offer additional benefit or 
may even be detrimental [34]. Babies born by caesarean 
section tend to have higher rates of respiratory morbid-
ity compared to vaginal births as they do not receive the 
normal physical and hormonal stimuli of passage through 
the birth canal which enhance fluid reabsorption in fetal 
lung tissue [35].

Also, these subgroups are clinically important and are 
explicitly considered in the latest update of WHO ACS 
recommendations [25]. Before conducting these post-
randomization subgroup analyses, we will first examine 
whether the intervention has an effect on the stratifying 
variable.

Trial oversight
Monitoring procedures have been prepared in accord-
ance with the International Council for Harmonisation of 
Technical Requirements for Pharmaceuticals for Human 
Use (ICH) harmonized tripartite guideline for Good 
Clinical Practice E6 (R2). Monitoring activities will be 
conducted overall, per site, and per hospital. WHO will 
prepare standard operating procedures for all monitor-
ing activities and will govern all monitoring procedures. 
Monitoring will be intensive throughout the trial recruit-
ment period and will be conducted by independent trial 
monitors, principal investigators and co-investigators, 
and WHO trial coordinating unit (TCU) comprising 
WHO staff from two WHO Departments (Maternal, 
Newborn, Child, and Adolescent Health and Ageing, and 
Sexual and Reproductive Health and Research).

In-person monitoring visits to participating hospitals 
will be conducted by country investigators, WHO staff, 
and external, independent clinical trial monitors. These 
visits will verify that the trial is being conducted accord-
ing to the study protocol and manual of operations, 
including screening and informed consent procedures, 
storage and use of study intervention, data collection 
and management, and handling of any adverse events. 
The trial teams will review per-hospital and per-site rates 
of recruitment, adverse events, and other key progress 
indicators on a monthly basis. Day-to-day oversight will 
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be conducted by the trial steering committee compris-
ing TCU and the principal investigators at each site. A 
technical Trial Advisory Group (external independent 
scientists with expertise in the area of preterm birth) 
led by an independent chair will advise the trial steering 
committee.

A study DSMB will comprise five members, including 
an independent chair, a statistician, and three techni-
cal experts familiar with the intervention, maternal and 
newborn health care, and clinical trial methodology. The 
DSMB will monitor adverse events on an ongoing basis 
to look for emerging safety risks and advise the trial coor-
dinating unit (TCU) accordingly. The terms of reference 
for independent clinical trial monitors and DSMB are 
available on request from the corresponding authors.

Ethical considerations
The trial protocol was reviewed and approved by the 
WHO Ethics Review Committee. All participating sites 
received approval from the relevant institutional sci-
entific and ethical review committees in the respective 
country (as well as required permissions from the rel-
evant national regulatory authorities) (Additional files 5, 
6 and 7). Any modifications to the protocol which may 
impact the conduct of the study, a potential benefit of the 
study participants, or may affect their safety, including 
changes in study objectives, study design, study popula-
tion, sample sizes, study procedures, or other significant 
aspects will require a formal amendment to the protocol. 
Such amendments will be agreed upon by study co-inves-
tigators and submitted to WHO ethics review committee 
and participating institutional ethics review committees 
prior to implementation. Insurance has been secured for 
compensating any participants who suffer harm from 
trial participation. The results of the study will be pub-
lished as an open-access, peer-reviewed article in a repu-
table journal.

Discussion
As the leading cause of neonatal and child mortality 
and morbidity, preterm birth is a critical global public 
health priority. Although > 80% of all preterm births 
occur in the late preterm period, there is still uncer-
tainty on the balance of benefits and risks of using 
ACS in women at risk of a late preterm birth. This is 
evident from the divergent recommendations from dif-
ferent international guidelines [27, 28]. ACOG guide-
lines recommend that ACS can be given to women up 
to 36 + 6  weeks, while National Institute for Health 
and Care Excellence (NICE) guidelines recommend 
that it can be given up to 35 + 6 weeks gestational age 
if they are at high risk for preterm birth. Royal Col-
lege of Obstetricians and Gynaecologists (RCOG) 

recommends ACS in women with imminent preterm 
birth anticipated from 35 + 0 to 36 + 6 weeks’ gestation 
after considering the balance of risks and benefits while 
the Australia and New Zealand clinical practice guide-
lines recommends ACS at this gestational age only if 
there is known lung immaturity and preterm birth is 
planned or expected within the next 7 days. European 
consensus guidelines, FIGO guidelines, and guidelines 
by the Obstetrics Society of Obstetricians and Gynae-
cologists of Canada and Japan do not support routine 
ACS use in late preterm infants. In WHO latest ACS 
recommendations, the Guideline Development Group 
noted that ACTION III trial would provide the neces-
sary evidence to inform future recommendations [25].

To provide additional information to guide future poli-
cies,  a sub study to ascertain the pharmacokinetics and 
pharmacodynamics of ACS is currently being planned. A 
separate follow-up study is also planned to provide addi-
tional information on the longer-term effect of ACS on 
neurodevelopmental outcomes in early childhood. For 
all future publications, the authorship will be assigned in 
line with ICMJE criteria for authorship, as has been done 
for the current protocol.

The optimal dose of ACS that can confer benefit while 
minimizing unnecessary fetal exposure has not been 
studied extensively. This is particularly important, as 
ACS are a potent developmental modulator, and in utero 
exposure (particularly for infants born in the late pre-
term or term period) has been associated with potential 
neurodevelopmental delays in childhood in retrospective 
cohort studies [23, 24]. There have been recent calls for 
trials on lower doses of steroids [36]. The BETADOSE 
trial in France was the first trial of a single half-dose ver-
sus full-dose betamethasone [26]. The betamethasone 
4 × 2 mg regimen planned in the ACTION III trial takes 
into consideration the pharmacokinetics of ACS and the 
need for a sustained exposure to an adequate concentra-
tion over a longer period.

In the ACTION-III trial, we chose a composite out-
come of mortality and use of respiratory support as the 
primary outcome. The DSMB recommended stopping 
our previous trial to evaluate the safety and efficacy of 
ACS for late preterm births (ACTION II) prematurely 
given the lower-than-expected  neonatal mortality rate 
[12]. For the current trial, they recommended using a 
composite outcome of mortality and respiratory support 
as biologically, ACS intervention is likely to impact both 
of these outcomes equally, and clinically, they are both 
important outcomes related to the complications of pre-
maturity. This composite outcome was agreed upon by 
external peer reviewers including neonatologists working 
in this area. As expected, it will also increase statistical 
efficiency and reduce sample size requirement, costs, and 
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time. This approach has also been used in similar studies 
like the ALPS trial published in 2016 [9].

The ACTION III trial will also clarify some of the 
uncertainties raised by ACT [13].

The results of the ACTION III trial will contribute 
valuable information to bridge the evidence gap on the 
balance of benefits and risks of ACS in the late preterm 
period. Given the divergence in guidelines on ACS use in 
the late preterm period issued by various international 
and national bodies, in high- and low-income settings, 
the evidence from this trial will facilitate recommen-
dations on the use of ACS in the late preterm period 
globally.

Trial status
This manuscript is based on the current version of the 
protocol, version 1.16, which was approved by the WHO 
Ethics Review Committee on 11 April 2023. Recruitment 
started on 15 July 2022 and is expected to be completed 
by December 2026.
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