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Background There is currently insufficient evidence on the safety and efficacy of antenatal corticosteroids in pre-
venting mortality and severe morbidity amongst late preterm newborns in low-resource countries.

MethodsWe conducted a double-blind, randomized trial in four hospitals in India between 26 December 2017 to 21
May 2020. Pregnant women at risk of imminent preterm birth between 34 weeks 0 days and 36 weeks 0 days of ges-
tation were recruited. Women were randomly assigned (1:1) to a course of 6 mg intramuscular dexamethasone or an
identical placebo. All trial participants, research staff and outcome assessors were masked to allocation. Primary out-
comes were neonatal death, any baby death (stillbirth or neonatal death), severe neonatal respiratory distress and
possible maternal bacterial infection. The study was registered with ANZCTR (ACTRN12617001494325) and CTRI
(CTRI/2017/05/008721).

Findings We randomized 782 women, 391 to each arm. Neonatal death occurred in 11 of 412 liveborn babies
(2.7%) in the dexamethasone group and 12 of 425 liveborn babies (2.8%) in the placebo group (RR 0.95; 95%
CI 0.42−2.12). Any baby death occurred in 16 of 417 infants (3.8%) in the dexamethasone group and 19 of
432 infants (4.4%) in the placebo group (RR 0.87; 95% CI 0.45−1.67). Severe neonatal respiratory distress
was infrequent in both groups (0.8% vs 0.5%; RR 1.56; 95% CI 0.26−9.29). Possible maternal bacterial infec-
tion did not differ between groups (2.3% vs. 3.8%, RR 0.60; 95% CI 0.27−1.35). Fewer neonates in the dexa-
methasone group required resuscitation at birth (RR 0.38, CI 0.15−0.97). Other secondary outcomes were
similar in the two arms. The trial was stopped due to lower than expected prevalence of primary outcomes
and slow recruitment.

Interpretation Antenatal dexamethasone did not result in a reduction in neonatal death, stillbirth or neonatal death,
or severe neonatal respiratory distress in this trial. The overall trend of effects suggests that potential benefit of dexa-
methasone in late preterm cannot be excluded, and further trials are required.

Funding This trial was primarily funded by the Bill and Melinda Gates Foundation (Grant OPP1136821). Additional
support was provided by UNDP/UNFPA/UNICEF/WHO/World Bank Special Programme of Research, Develop-
ment and Research Training in Human Reproduction (HRP), Department of Sexual and Reproductive Health and
Research; and Department of Maternal, Newborn, Child, Adolescent Health, and Ageing, of the World Health Orga-
nization, Geneva, Switzerland.
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Research in context

Evidence before this study

An update of the Cochrane review on antenatal cortico-
steroids for accelerating fetal lung maturation for
women at risk of preterm birth was published in
December 2020. On 3 September 2020, the authors
searched the Cochrane Pregnancy and Childbirth’s Tri-
als Register, which is based on searches of CENTRAL,
MEDLINE, Embase and CINAHL, as well as handsearched
journals and conference proceedings. The review
included any randomized trial on the use of antenatal
corticosteroids compared to placebo or no treatment in
pregnant women expected to give birth before 37
weeks of pregnancy. The review included 27 trials
(11,272 randomised women and 11,925 neonates),
though few trials and data were available for the sub-
group ≥34 weeks gestation. There were too few neona-
tal deaths in this subgroup to conclude whether there is
mortality benefit (6/1831 vs 4/1817, RR 1.51, 95% CI
0.49 − 4.61), though respiratory distress syndrome
might be reduced with steroid treatment (115/2077 vs
152/2065; RR 0.75, 95% CI 0.60 − 0.95).

Added value of this study

This is the largest efficacy trial of antenatal corticoste-
roids conducted in the late preterm period (≥34 weeks
gestation) in a low-resource country setting. We pooled
the results of the current trial (ACTION-II) with the
Cochrane review to update meta-analyses and found
no substantive changes in the strength or direction of
risk estimates for neonatal death, perinatal death, or
respiratory distress syndrome, both overall and for the
subgroup of women receiving antenatal corticosteroids
at 34 weeks gestation or greater.

Implications of all the available evidence

This trial did not detect reductions in neonatal death or
severe respiratory morbidity. However, there was no
evidence of maternal or newborn harms and there were
reductions in a secondary newborn respiratory morbid-
ity outcome with dexamethasone. Updated meta-analy-
ses also suggest benefit for severe neonatal respiratory
distress, though mortality benefit cannot yet be
excluded. Further efficacy trials are required.
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Introduction
An estimated 15 million neonates are born preterm
annually, accounting for 11% of live births worldwide,
nearly 85% of which occur from 32 to <37 weeks gesta-
tion.1 Complications of preterm birth are the leading
cause of mortality in neonates and children less than
5 years of age.2 Compared to babies born at term, pre-
term babies have higher rates respiratory, infectious
and neurological morbidities; elevated risks of adverse
health outcomes persisting into childhood and later
life.2−4 While the risk of morbidities for preterm babies
are most frequent at earlier gestations, babies born in
the late preterm period (34 to <37 weeks) experience a
significantly higher rate of morbidity and mortality than
those born at term.5−8

In 2015, the World Health Organization (WHO) rec-
ommended that antenatal corticosteroids (ACS) should
only be used for pregnant women at risk of preterm
birth from 24 to 34 weeks’ gestation.9,10 This gestational
age range was selected based on a meta-analysis con-
ducted for the WHO guideline that indicated a lack of
evidence of benefit of ACS beyond 34 weeks.10 The
WHO recommendations also specify that ACS should
only be used in settings where certain conditions −
accurate gestational age (GA) assessment, imminent
preterm birth, absence of maternal infection, and ade-
quate childbirth and preterm newborn care − can be
met.10 These criteria were informed by the findings of
the Antenatal Corticosteroids Trial (ACT), a cluster-ran-
domized trial conducted in six low-resource countries
that aimed to scale up ACS use for women at risk of pre-
term birth up to 36 weeks.11 Unexpectedly, ACT
reported no mortality benefit amongst babies born with
a birth weight less-than-fifth-centile (a proxy for preterm
birth), while neonatal mortality, stillbirth and possible
maternal infections in the overall population were sig-
nificantly higher in the intervention clusters. The WHO
guideline panel acknowledged that while these consen-
sus-based treatment criteria were intended to maximize
benefit and minimize possible harms from ACS, fur-
ther efficacy trials in low-resource countries on ACS use
in both early and late preterm populations were a high
research priority.9

The Antenatal Late Preterm Steroid (ALPS) trial was
published in 2016, reporting that intramuscular (IM)
betamethasone administered to women at risk of late
preterm birth significantly reduced a composite new-
born outcome of respiratory morbidity treatment, still-
birth or neonatal death in the first 72 h after birth.13

ALPS was conducted in tertiary hospitals in the USA
where there was a high level of care available for pre-
term infants and their mothers. While ALPS has led to
updated recommendations in favour of late preterm
ACS use in some high-resource countries,13−15 no effi-
cacy trials have evaluated the use of ACS to support pol-
icy change for late preterm births in low-resource
countries. Despite this, observational evidence suggests
that ACS is used variably in late preterm period in low-
resource countries.16

To address these knowledge gaps, the WHO
ACTION (Antenatal CorticosTeroids for Improving
Outcomes in preterm Newborn) Trials collaboration
was established.17,18 The results of the WHO ACTION-I
trial on the efficacy of dexamethasone in the early pre-
term period have been reported previously.17 Here we
describe the findings of the WHO ACTION-II trial,
which aimed to assess safety and efficacy of
www.thelancet.com Vol 44 Month February, 2022
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dexamethasone when given to women at risk of late pre-
term birth, in hospitals in low-resource countries.
Methods

Study design
The study design was a multicountry, multicentre, indi-
vidually-randomized, parallel-group, double-blind, pla-
cebo-controlled trial. We planned to conduct the trial
across six study sites in Bangladesh, India, Kenya,
Nigeria (two sites) and Pakistan. The trial protocol was
approved by ethics committees and regulatory agencies
for each country and participating hospital, as well as
the WHO Ethics Review Committee (Supplementary
File S1). The trial protocol was registered prior to partici-
pant recruitment (Australia and New Zealand Clinical
Trials Registry number ACTRN12617001494325; Clini-
cal Trials Registry-India number, CTRI/2017/05/
008721). The statistical analysis plan (Supplementary
File S2) was finalised prior to trial stoppage. The trial
steering group comprised a trial co-ordinating unit,
principal investigators (including obstetricians and neo-
natologists at each site) and independent technical advi-
sors. The findings are reported as per the Consolidated
Standards of Reporting Trials (CONSORT) guidelines.19

Study hospitals were selected to participate through a
standardized assessment of maternal and newborn
healthcare services to ensure that the ACS treatment cri-
teria described in the WHO guidelines could be reason-
ably met.9 This trial was planned to run concurrently
with ACTION-I (early preterm) trial across all sites.
However, as a result of several logistical challenges
encountered with concurrent set up of two trials, only
the four hospitals at the India site (in two different
states) recruited into the ACTION-II trial (Table S1).
Participants
Eligible participants were pregnant women with a sin-
gleton or multiple pregnancy (with confirmed live
fetus/es) who were at risk of preterm birth between 34
weeks 0 days and 36 weeks 0 days. Pregnant women
were eligible if birth was planned or expected in the
next 48 h, following preterm prelabour rupture of mem-
branes, spontaneous labour, or a decision for provider-
initiated preterm birth. The gestational age estimate
was based on the earliest obstetric ultrasound available.
If a dating ultrasound of reasonable quality had not
been performed prior to hospital presentation, one was
performed prior to screening for eligibility. Women
were ineligible if they had clinical signs of severe infec-
tion; suspicion or evidence of clinical chorioamnionitis;
major congenital fetal anomalies; concurrent or recent
(within the past two weeks) use of systemic steroids;
participation in another maternal or newborn health
trial; or contraindication to steroids. Written informed
www.thelancet.com Vol 44 Month February, 2022
consent and/or assent was obtained from every partici-
pant prior to randomisation.
Randomization and masking
Eligible women were randomized in a 1:1 ratio to dexa-
methasone or placebo arms. As the trial was planned to
be conducted across 6 sites, site-stratified individual
randomization with balanced permuted blocks of size
10 were used. The randomization sequence was com-
puter-generated by WHO.

All study sites received purpose-designed dispensers
containing 10 sequentially numbered, identical treat-
ment packs. Each pack contained eight 4 mg/mL
ampoules of dexamethasone or placebo (thus providing
enough ampoules for four 6 mg injections). Once a
woman was screened for eligibility and her informed
consent was obtained, randomization was performed
immediately by withdrawing and opening the next treat-
ment pack from the dispenser. The trial steering group,
clinical and research staff and participants were blind to
group assignments.
Procedures
The intervention arm comprised a single course of IM
dexamethasone sodium phosphate. Participants
received a 6 mg injection every 12 h, to a maximum of
four doses, or until hospital discharge or birth (which-
ever came first). Women in the control arm received an
identical placebo regimen. Dexamethasone and match-
ing placebos were procured from Fresenius Kabi/Labes-
fal, Portugal and packaged and shipped to study sites by
Ivers-Lee CSM, Switzerland. At participating hospitals,
dispensers and treatment packs were kept in a secure,
temperature-controlled (15 to 25 °C) area. Participating
hospitals were provided with obstetric ultrasound sys-
tems (Philips HD5, Netherlands), continuous positive
airway pressure (CPAP) machines (Diamedica, Swe-
den), pulse oximeters (Masimo, Switzerland) and gluc-
ometers. Standardized trainings were conducted for
research and clinical staff on trial-related activities, as
well as training workshops for clinical staff performing
dating ultrasounds. Eligible women were screened at
the time of presentation to hospital, and randomized
women and their babies were followed up at day 7 and
at day 28 after birth, either at the hospital or at home.
Outcomes
The trial primary outcomes were neonatal death (death
of a liveborn neonate by 28 completed days of life); any
baby death (any death of a fetus, or death of a liveborn
neonate within 28 completed days of life); severe respi-
ratory distress in a liveborn neonate; and possible
maternal bacterial infection (occurrence of maternal
fever ≥ 38 °C or clinically suspected or confirmed infec-
tion for which therapeutic antibiotics were used, during
3
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hospital admission). Severe neonatal respiratory distress
was based on clinical assessment during the initial
admission after birth, up to a maximum of 7 completed
days, death or discharge (whichever came first). It was
defined as the presence of fast breathing (respiratory
rate ≥ 70 breaths per min) and at least one of: (a)
marked nasal flaring during inspiration, or (b) expira-
tory grunting audible with naked ear, or (c) severe chest
in drawing; and SpO2< 90% or supplemental oxygen is
used. Clinical assessments for outcomes occurring dur-
ing hospital admission were performed by maternal
and neonatal care clinical staff, collected and entered in
paper study forms by study data collectors (research
nurses or midwives) and monitored by hospital investi-
gators (including obstetricians and neonatologists).
Home visits for ascertaining vital status of trial partici-
pants during follow up were performed by trained data
collectors using paper forms. For neonatal hypoglycae-
mia, all liveborn newborns had a screening glucose level
recorded at 6 and 36 h. These screening tests were
timed to precede feeding or IV fluid administration.
Hypoglycaemia could also be identified at any other
time during first 7 days of postnatal admission on the
basis of clinical testing when indicated. Secondary out-
comes include maternal and newborn mortality and
morbidities, and process of care outcomes (see Supple-
mentary File S3). Any adverse event (AEs) and serious
adverse events (SAEs) occurring from randomization to
day 28 after birth were documented using standardized
forms.
Statistical analysis and trial monitoring
We hypothesised that the use of dexamethasone would
result in a reduction in the neonatal mortality outcomes
and severe neonatal respiratory distress, without
increasing the risk of maternal bacterial infection.
Therefore, we applied a superiority hypothesis to the
neonatal outcomes and a non-inferiority hypothesis to
the possible maternal infection outcome. Data were
double-entered into a web-based data management plat-
form, and managed centrally by Centro Rosarino Estu-
dios Perinatales (Rosario, Argentina). Independent
monitors conducted regular in-person visits to partici-
pating hospitals. These visits included assessment that
all study activities were being conducted according to
the trial protocol and Manual of Operations, and in
accordance with Good Clinical Practice standards. Visits
included verification of collected data against source
documents (such as medical records). Additional trial
monitoring visits were conducted by WHO staff and
site principal Investigators. In addition, data in the web-
based platform on recruitment rate, AE/SAEs, and other
key progress indicators were monitored on an ongoing
basis by the trial co-ordinating unit.

Based on a superiority hypothesis, a total of 22,589
women were needed to detect a reduction of 15% or
more in neonatal deaths (from 8.0% deaths to 6.8%)
amongst neonates of women who received ACS at 34 to
36 weeks, in a two-sided 5% significance test with 90%
power, including 10% loss to follow-up. This sample
size would provide 93% power to detect a relative reduc-
tion of 20% (from 5.0% to 4.0%) for severe neonatal
respiratory distress in a two-sided 5% significance test
with 10% loss to follow up. It would also provide > 99%
power at the 2.5% significance level to detect if dexa-
methasone is non-inferior to placebo for the maternal
infection outcome, within a non-inferiority margin of
2.5% on the absolute scale, and assuming a 10% base-
line rate of maternal infection. Clustering by site or
multiple births was not considered in the sample size
calculation.

Primary analyses were based on intention-to-treat
(ITT), analysing all participants with outcome data avail-
able, and corrected for multiplicity of primary out-
comes. The dexamethasone arm was compared against
the placebo arm for the primary outcomes using relative
risk with 95% confidence intervals, based on a logistic
model with a binomial distribution and the log link to
obtain relative risks. The stratifying variable, study hos-
pital, was included in the model, as well as a clustering
feature for multiple births for neonatal outcomes. For
continuous variables, means and standard deviations or
medians, quartiles and interquartile range by group
were reported. Treatment groups were compared using
mean or median differences and 95% confidence inter-
vals based on a general linear model that included study
site as stratifying variable. Separate models were fitted
for each of the primary and secondary outcomes.
Results for secondary outcomes are presented as point
estimates and 95% confidence interval without correc-
tion for multiple comparisons. We prespecified several
subgroup analyses of the primary outcomes, however as
the trial recruited substantially less than the planned
sample size, these analyses were not performed. All
models were fitted using SAS Software version 9.4
(SAS Institute Inc., Cary, NC, USA). The Cochrane
review on efficacy of antenatal corticosteroids was
updated in December 2020.20 In that review, fixed-
effects meta-analyses have been used for the neonatal
death outcome as the intervention, populations and
methods from available trials were judged by review
authors as sufficiently similar. Neonatal death data
from the current trial were added to estimate the pooled
effect of ACS on neonatal death, both overall and for the
subgroup gestational age at trial entry. A per-protocol
analysis (pre-specified in the statistical analysis plan)
was also performed.

Blind, aggregate data were monitored in confidence
by the Data Safety Monitoring Board (DSMB) during
the trial. Three pre-planned interim analyses specified
that the DSMB would consider the Haybittle-Peto stop-
ping rule21 for the primary mortality outcomes to guide
decision-making. In May 2020, however, the DSMB
www.thelancet.com Vol 44 Month February, 2022



Articles
recommended stopping the trial given the lower than
expected primary outcome rates and the low recruit-
ment rate. In consultation with study sponsor and steer-
ing committee, recruitment was stopped, and all ethics
committees and regulatory authorities were informed.
The funder had no role in the decision to stop the trial.
Role of the funding source
Neither the funder nor manufacturers of trial medicines
or equipment had any role in study design, data collec-
tion, data analysis, data interpretation, or writing of the
report. All authors had full access to all the data in the
study and had final responsibility for the decision to
submit for publication.
Results

Recruitment and characteristics of study population
Women were recruited into the study from 26 December
2017 to 21 May 2020. Of the 1198 women who were
screened for eligibility, 782 women were randomized -
391 women and their 417 babies to the dexamethasone
group, and 391 women and their 432 babies to the pla-
cebo group (Figure 1). Birth occurred before 37 weeks for
90.4% of infants in the dexamethasone group and
90.1% of infants in the placebo group. All randomized
women and newborns completed follow-up for the mor-
tality outcomes. However, a total of 34 liveborn babies in
the dexamethasone group and 32 liveborn babies in the
placebo were unable to be fully assessed for the severe
neonatal respiratory distress outcome, largely due to
babies born at or immediately referred to non-study hos-
pitals, where standardized clinical assessments for trial
morbidity outcomes could not be performed.

Characteristics of women in the dexamethasone and
placebo groups were similar at baseline (Tables 1, S2).
All women received at least one dose of their allocated
treatment, while a total of 152 of 391 women (38.9%) in
the dexamethasone group and 140 of 391 women
(35.8%) in the placebo group received the maximum
four doses (Figure 1). The most common reason for
non-administration of a scheduled dose was that birth
had occurred between doses.
Primary and secondary outcomes
There were 11 (2.7%) neonatal deaths in the dexametha-
sone group, as compared with 12 (2.8%) neonatal deaths
in the placebo group (RR 0.95; 95% CI, 0.42−2.12;
P = 0.89) (Table 2). Any baby death (stillbirth or neona-
tal death) occurred in 16 of 417 infants (3.8%) in the
dexamethasone group and in 19 of 432 infants (4.4%)
in the placebo group (RR 0.87; 95% CI 0.45−1.67;
P = 0.89). Severe neonatal respiratory distress was low
in both groups (3/378, 0.8% vs 2/393, 0.5%; RR 1.56;
95% CI 0.26−9.29; P = 0.89). Possible maternal
www.thelancet.com Vol 44 Month February, 2022
bacterial infection occurred in 9 of 391 women (2.3%)
in the dexamethasone group and 15 of 391 women
(3.8%) in the placebo group (RR 0.60; 95% CI 0.27 to
1.35; risk difference �1.53; 95% CI �3.95 to 0.88;
P = 0.002 for non-inferiority), a result consistent with
noninferiority at the prespecified margin of 2.5% on the
absolute scale. Primary causes of neonatal mortality
events are provided in Table S3.

Amongst secondary outcomes, neonatal resuscitation
at birth (positive pressure ventilation for more than one
minute) was significantly lower in the dexamethasone
group compared with the placebo group (1.5% vs 3.8%;
RR 0.38, 95% CI 0.15−0.97; p = 0.043) (Table 3). There
were no differences in other secondary outcomes relating
to maternal and neonatal morbidity and mortality,
including neonatal hypoglycaemia and neonatal sepsis
(Tables 3 and 4, S4 and S5). There were no differences in
process of care outcomes. Although not statistically sig-
nificant, use of respiratory support was somewhat lower
in the dexamethasone group (use of oxygen therapy: RR
0.86, CI 0.61−1.21, use of CPAP: RR 0.55, CI 0.29
−1.08) and use of mechanical ventilation: RR 0.65, CI
0.21−1.97). A total of 68/396 infants (17.2%) in the pla-
cebo arm and 56/381 infants (14.7%)in the dexametha-
sone arm received supplemental oxygen, CPAP or
mechanical ventilation. The rates of maternal secondary
outcomes were also similar between groups; there were
no events for chorioamnionitis or endometritis (Tables 3,
S4 and S5). Postpartum maternal readmission was rare
in both groups (1 woman in dexamethasone group and 2
women in placebo group). Two maternal deaths
occurred, both in the placebo group − one due to pulmo-
nary embolism and the other due to multiorgan failure
following postpartum haemorrhage. There were 4 mater-
nal adverse events (AEs) in the dexamethasone group
and 3 in the placebo group and serious adverse events
(SAEs) did not differ between groups (6 SAEs in dexa-
methasone group and 6 SAEs in placebo group). There
was one neonatal AE in the dexamethasone group and
one in the placebo group and one SAE in the placebo
group (Table S6). All differences in AEs and SAEs were
non-significant by Fisher’s exact tests (p-value=1 for all).
The per-protocol analysis of the primary outcomes had
similar findings to the ITT analysis as only five newborns
were excluded (Table S7).

We pooled the ACTION-II trial findings with the
Cochrane review on antenatal corticosteroids for acceler-
ating fetal lung maturation that was published in 2020
to update its meta-analyses. We found no substantial
changes in the strength or direction of risk estimates of
neonatal death, either overall, or for the subgroup of
babies at 34 weeks gestation or greater (Figs. S1, S2).
Discussion
This hospital-based randomized trial of antenatal
dexamethasone for women at risk of late preterm
5



Figure 1. Study flowchart.
*Women may have had more than one reason for not being eligible
** Lost to follow-up for calculation of primary outcomes: women in whom the primary outcome (possible maternal bacterial

infection) is not known, and were unable to complete Day 28 follow up visit. Women for whom primary outcome was assessed are
not considered as lost to follow-up. For neonates, lost to follow-up are those for whom day 28 vital status is unknown.
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Characteristic Dexamethasone N = 391 Placebo N = 391

Clinical assessment of imminent preterm birth at trial entry − no. (%)

Spontaneously-initiated preterm birth 205 (52.4) 200 (51.2)

Preterm prelabour rupture of membranes 73 (18.7) 76 (19.4)

Spontaneous preterm labour 132 (33.8) 124 (31.7)

Provider-initiated preterm birth 186 (47.6) 191 (48.8)

Gestational age at trial entry − no. (%)

34 weeks 0 days to 34 weeks 6 days 145 (37.1) 150 (38.4)

35 weeks 0 days to 35 weeks 6 days 223 (57.0) 213 (54.5)

36 weeks 0 days 23 (5.9) 28 (7.2)

Gestational age at trial entry (wks) −mean (SD) 34.7 (0.6) 34.7 (0.6)

Maternal age (yrs) −mean (SD) 25.4 (4.5) 25.2 (4.3)

No. of fetuses in the current pregnancy − no. (%)

Single 363 (92.8) 350 (89.5)

Twin 28 (7.2) 40 (10.2)

Higher order multiples 0 (0.0) 1 (0.3)

Nulliparity

192 (49.1) 193 (49.4)

History of preterm birth* − no. (%) 30 (15.1) 26 (13.0)

Obstetric conditions currently present − no. (%)**

Gestational diabetes 13 (3.3) 17 (4.3)

Pre-eclampsia or eclampsia 69 (17.6) 86 (22.0)

Gestational hypertension (excl. preeclampsia or eclampsia) 24 (6.1) 35 (9.0)

Oligohydramnios (known or suspected) 102 (26.1) 109 (27.9)

Polyhydramnios (known or suspected) 14 (3.6) 7 (1.8)

Intrauterine growth restriction (known or suspected) 52 (13.3) 73 (18.7)

Macrosomia 10 (2.6) 6 (1.5)

Abruptio placentae 6 (1.5) 7 (1.8)

Placenta praevia 17 (4.3) 17 (4.3)

Other obstetric haemorrhage 3 (0.8) 1 (0.3)

Trimester of pregnancy when ultrasound for gestational age estimate was performed − no. (%)

1st trimester (up to 13 weeks 6 days) 150 (38.4) 152 (38.9)

2nd trimester (14 weeks 0 days to 27 weeks 6 days) 192 (49.1) 174 (44.5)

3rd trimester (28 weeks 0 days and beyond) 49 (12.5) 65 (16.6)

Medication administered prior to randomization − no. (%)

Tocolytic 78 (19.9) 89 (22.8)

Magnesium sulfate for neuroprotection 2 (0.5) 6 (1.5)

Table 1: Characteristics of women at trial entry.
* Only amongst women with a previous pregnancy.

** Women may have had more than one condition; There was no significant difference between treatment groups at an experimentwise error rate of 5%.

Articles
birth did not identify any differences in fetal or neona-
tal mortality, severe neonatal respiratory distress or
possible maternal bacterial infection. The trial was
halted prior to reaching its target sample size, how-
ever we did not find any evidence of maternal or neo-
natal harms due to dexamethasone, including
neonatal hypoglycaemia. Though there were no dif-
ferences between the groups for secondary maternal
and newborn health outcomes, the use of major
www.thelancet.com Vol 44 Month February, 2022
resuscitation at birth for newborns was significantly
lower with dexamethasone.

This trial of 782 women in four hospitals in India is,
at time of writing, the largest efficacy trial of ACS for late
preterm birth conducted in a low-resource country con-
text. Women were carefully selected for inclusion based
on standardized screening criteria, including clinical
assessments by obstetric physicians and verification of
gestational age using ultrasound prior to randomisation.
7



Primary outcome Dexamethasone n/N (%) Placebo n/N (%) Relative risk (95% CI)* P-value§

Neonatal death 11/412 (2.7) 12/425 (2.8) 0.95 (0.42 − 2.12) 0.8916x

Any baby death (stillbirth or neonatal death) 16/417 (3.8) 19/432 (4.4) 0.87 (0.45 - 1.67) 0.8916x

Severe respiratory distress of the newborn 3/378 (0.8) 2/393 (0.5) 1.56 (0.26 - 9.29) 0.8916x

Possible maternal bacterial infectionǂ 9/391 (2.3) 15/391 (3.8) 0.60 (0.27 − 1.35) 0.0020{

Table 2: Primary outcomes.
* Relative risk and 95% CI, calculated from modelling, adjusting for study sites and taking into account the clustering due to multiple birth.
x P-value adjusted for multiplicity for the four primary outcomes using the False Discovery Rate approach.
{ P-value for non-inferiority for possible maternal bacterial infection.
ǂ Defined as occurrence of maternal fever of ≥ 38 °C or clinically suspected or confirmed infection, for which therapeutic antibiotics were used. Suspected or

confirmed infection included obstetric infection (chorioamnionitis, postpartum endometritis, or wound infection) or non-obstetric infection (respiratory tract

infection [pneumonia, pharyngitis, sinusitis or similar], urinary tract infection (excluding pyelonephritis), pyelonephritis, acute cholecystitis or other system

infection), captured during hospital admission/s only.

Outcome Dexamethasone n/N (%) Placebo n/N (%) Relative risk (95% CI)

Neonatal outcome

Stillbirth 5/417 (1.2) 7/432 (1.6) 0.74 (0.24 − 2.31)

Early neonatal death (≤7 days) 9/412 (2.2) 9/425 (2.1) 1.03 (0.41 - 2.58)

Neonatal sepsis 3/378 (0.8) 4/393 (1.0) 0.78 (0.18 - 3.46)

Hypoglycemia* 31/377 (8.2) 30/393 (7.6) 1.09 (0.65 - 1.81)

Major resuscitation at birth (positive pressure ventilation for more than 1 min) 6/412 (1.5) 16/425 (3.8) 0.38 (0.15 − 0.97)

Use of oxygen therapy* 54/381 (14.2) 66/396 (16.7) 0.86 (0.61 - 1.21)

Use of CPAP* 14/381 (3.7) 25/396 (6.3) 0.55 (0.29 - 1.08)

Use of mechanical ventilation* 5/381 (1.31) 8/396 (2.0) 0.65 (0.21 - 1.97)

Use of parenteral therapeutic antibiotics for 5 days or more ǂ 44/381 (11.6) 39/396 (9.9) 1.21 (0.79 - 1.85)

Admission to a special care unit 193/381 (50.7) 223/396 (56.3) 0.90 (0.79 - 1.03)

Maternal outcome

Maternal death 0/391 (0.0) 2/391 (0.5) −

Maternal fever 4/390 (1.0) 8/390 (2.1) 0.50 (0.15 - 1.65)

Chorioamnionitis 0/391 (0.0) 0/391 (0.0) −

Endometritis 0/391 (0.0) 0/391 (0.0) −

Wound infection 2/391 (0.5) 4/391 (1.0) 0.50 (0.09 - 2.71)

Non-obstetric infection 6/390 (1.5) 9/391 (2.3) 0.67 (0.24 - 1.86)

Therapeutic antibiotics 9/391 (2.3) 15/391 (3.8) 0.60 (0.27 − 1.35)

Any antibiotic use 378/390 (96.9) 380/389 (97.7) 0.99 (0.97 − 1.02)

Table 3: Secondary maternal and neonatal outcomes.
* Measured during initial postnatal hospitalization only, until death, discharge or completed day 7 (whichever came first); h, hours; CPAP, continuous positive

airway pressure.
ǂ Parenteral therapeutic antibiotics for 5 days or more, even if interrupted, excluding neonates who died before 5 completed days; referral for treatment not pre-

sented because of very few events.

Neonatal outcome Dexamethasone Placebo Median difference (95% CI)

N Median(IQR) N Median(IQR)

Duration of oxygen therapy (hours) 54 24 (12−60) 66 24 (12−60) 0.0 (�14.3 to 14.3)

Duration of CPAP ventilation (hours) 14 48 (24−60) 25 24 (12−48) 24.0 (�1.4 to 49.4)

Duration of use of mechanical ventilation (hours) 5 60 (36−60) 8 48 (21−84) 12.0 (�42.9 to 66.9)

Duration of parenteral therapeutic antibiotic use (hours) 44 7.0 (6.0−7.0) 39 6.8 (6.0−7.0) 0.2 (�0.2 to 0.7)

Length of hospital stay after birth (days) 390 7.0 (5.0−9.0) 400 7.0 (5.0−9.0) 0.0 (�0.7 to 0.7)

Table 4: Secondary neonatal outcomes.
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Over 80% of trial participants had a first or second-tri-
mester ultrasound, conferring a relatively high accuracy
of gestational age dating. In addition, study hospitals had
the necessary minimum standards of maternal and pre-
term newborn care available, including access to oxygen
and CPAP. Neonatal survival was evaluated with mini-
mal loss to follow up through in-person visits at 28 days
after birth. It is reassuring that neonatal hypoglycaemia
was not significantly different between trial arms, though
with few events it is not possible to draw any conclusions
in this trial population. Comparatively, the multicentre
trial in the USA by Gyamfi-Bannerman et al. reported
that betamethasone administration increased the inci-
dence of neonatal hypoglycemia by 60%.12 Rates of neo-
natal sepsis were low but similar between trial arms; the
prevalence is similar to the 1.5% prevalence of neonatal
systemic infections in the first 48 h of life described by
Attawattanakul et al. in their trial of ACS in 194 women
at risk of preterm birth in Thailand.22 It is noteworthy
that prophylactic parenteral antibiotics for babies per-
ceived as being at risk of infection is common practice in
the participating hospitals.

Our sample size calculation assumed a neonatal
mortality prevalence of 8% in the placebo arm based
on data from the WHO Multi-Country Survey on
Maternal and Newborn Health,23 however overall neo-
natal mortality for participants at the study site was
only 2.7%. While this is considerably higher than neo-
natal mortality rates in other late preterm trials (Porto
et al.24 and Gyamfi-Bannerman et al.12 reported neona-
tal mortality prevalence of 0.07% and 0.7%, respec-
tively), the current trial lacked statistical power to
detect any difference in the primary mortality out-
come, if such a difference exists. The lower-than-
expected outcome rate contributed to the independent
DSMB decision to halt the trial. Slow recruitment was
also a factor, in part driven by unexpectedly high pre-
hospital use of ACS in the late preterm period (26% of
women screened were women ineligible for the trial
for this reason) − we are unable to determine whether
certain groups of women were more or less likely to
receive pre-hospital ACS. The somewhat narrow win-
dow of gestational age eligibility (34 weeks 0 days to 36
weeks 0 days) is another contributing factor. While
Gyamfi-Bannerman et al. used an upper limit of 36
weeks 5 days,12 we opted for the more conservative
limit of 36 weeks 0 days, considering the inclusion of
women planned or expected to deliver within 48 h, the
time required for administering the full regimen
(36 h), the need to minimise the risk of women deliver-
ing at term, and the error margin for gestational age
estimation in the third trimester.25 The original sam-
ple size calculation for the trial did not consider the
possible effect of clustering due to site or multiple
births, as we did not have intra-cluster correlation esti-
mates for the primary outcomes in these settings. Any
such clustering effects might have resulted in a slightly
www.thelancet.com Vol 44 Month February, 2022
increased sample size, however the trial was halted at a
considerably lower sample size.

The outcome severe respiratory distress of the new-
born was largely based on clinical assessment. Very few
events were identified - only 5 of 771 babies in our cohort
met this definition - even though 16% of liveborn babies
received supplemental oxygen, CPAP or mechanical
ventilation, a possible reflection of the inherent subjec-
tivity in the assessment of clinical signs. In addition,
prospective assessments of newborn clinical status by
research staff commenced at 6 h after birth − it is possi-
ble that clinicians may have commenced some neonates
on respiratory support interventions prior to or between
these assessments. Notably, the need for major neonatal
resuscitation at birth was significantly lower in the dexa-
methasone group. Outcomes related to oxygen, CPAP
and mechanical ventilation use were lower, though not
statistically significant, in the dexamethasone arm.
Taken together, this may suggest a respiratory morbid-
ity benefit in the late preterm population. Future trials
would be better served by endpoints that are based on
objective use of respiratory support interventions for
measuring severe neonatal respiratory morbidity, rather
than definitions based solely on clinical features. While
overall loss to follow up for mortality outcomes was
minimal, approximately 9% of babies were unable to be
assessed for the severe respiratory distress outcome,
almost entirely due to babies born at non-study hospi-
tals where standardized clinical assessments for mor-
bidity outcomes amongst trial participants could not be
performed. We consider it unlikely that the outcome
prevalence is different for these babies.

While this trial is underpowered to detect differen-
ces, additional considerations that may impact efficacy
include the number of doses administered and duration
of fetal exposure prior to birth. The study protocol speci-
fied that randomized women were eligible for a maxi-
mum of four doses, though more than 40% of
randomized women delivered after receiving a single
dose. Comparatively, the ALPS trial used a regimen of
two IM injections of 12 mg betamethasone or placebo
24 h apart, and reported a reduction in the primary out-
come with 59.6% of women receiving a full course (i.e.
2 doses) and 40.2% of women receiving a single dose.12

The minimum time required for corticosteroids to have
a clinically significant effects in late preterm infants is
not yet clearly delineated. Animal studies suggest that
fetal lung changes are detectable within 12 h of cortico-
steroid exposure,26 and a 2020 pharmacokinetic/phar-
macodynamic study of 48 non-pregnant, healthy
women reported that 6 mg of IM or oral dexamethasone
reached maximum concentration in a median of 3 h
with a half-life of 5.2 h.27 The WHO ACTION-I trial,
which demonstrated the clinical benefits of dexametha-
sone administered in the early preterm period in low-
resource countries, also found that increasing time
from first dose to birth increased benefit.16 Additionally,
9
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approximately 10% of babies in the current trial were
born after 37 weeks − these more mature babies are at
considerably lower risk of mortality and respiratory
morbidity. These factors may have contributed to the
lack of clinical benefit identified. Future efficacy trials of
late preterm corticosteroids need to carefully balance
the need for enroling women at risk of imminent pre-
term birth against the time and number of doses
required to have clinical effects.

The role of ACS in the late preterm period remains
an important clinical and public health question as
more than 12 million preterm babies are born after 32
weeks’ gestation worldwide, with significantly higher
rates of mortality and morbidity than term babies.1,8

There is also variation amongst national guidelines on
whether to use ACS in the late preterm period, though
it is not standard practice in India where the trial was
conducted. For example, the National Institute of Clini-
cal Excellence (NICE) in the United Kingdom and the
American College of Obstetrics and Gynaecology advise
that ACS be considered for women in the late preterm
period, whereas the Society of Obstetrics and Gynaecol-
ogy of Canada guidelines indicate that they should not
be used routinely, as, the balance of risks and benefits
from 35 weeks 0 days to 36 weeks 6 days favours their
use only in selected clinical situations.13−15

While this trial did not detect reductions in neo-
natal death or severe respiratory distress, we identi-
fied a reduction in neonatal resuscitation at birth for
newborns, and there was no evidence of difference
between groups for neonatal hypoglycemia. The pos-
sibility of clinical benefits cannot yet be excluded
and further efficacy trials in low-resource countries
are required. Ideally, any such trials should explore
possible benefits of ACS on composite outcome of
newborn mortality and use of respiratory support
interventions.
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