DOI: 10.1111/1471-0528.13031
www.bjog.org

'l) Check for updates

General obstetrics

A randomised controlled double-blind clinical
trial of 17-hydroxyprogesterone caproate for the
prevention of preterm birth in twin gestation

(PROGESTWIN): evidence for reduced neonatal

morbidity

J Awwad, IM Usta, G Ghazeeri, N Yacoub, J Succar, S Hayek, W Saasouh, AH Nassar

Department of Obstetrics and Gynecology, American University of Beirut Medical Center, Beirut, Lebanon
Correspondence: Dr AH Nassar, American University of Beirut Medical Center, Department of Obstetrics and Gynecology, PO Box 113-6044/

B36, Beirut, Lebanon. Email an21@aub.edu.lb

Accepted 5 May 2014. Published Online 27 August 2014.

Objective To determine whether 17 alpha-hydroxyprogesterone
caproate (17OHPC) prolongs gestation beyond 37 weeks of
gestation (primary outcome) and reduces neonatal morbidity
(secondary outcome) in twin pregnancy.

Design Randomised controlled double-blind clinical trial.
Setting Tertiary-care university medical centre.
Population Unselected women with twin pregnancies.

Methods Participants received weekly injections of 250 mg
170HPC (n = 194) or placebo (n = 94), from 16-20 to 36 weeks
of gestation. Randomisation was performed using the
permuted-block randomisation method. Data were analysed on an
intention-to-treat basis.

Main outcome measure Preterm birth (PTB) rate before 37 weeks
of gestation.

Results There were no significant differences in the average
gestational age at delivery, or in the rates of PTB before 37, 32,
and 28 weeks of gestation, between the two groups. The

proportion of very-low-birthweight neonates (<1500 g) was
significantly lower in the 17OHPC group (7.6%) compared with
placebo (14.3%) (relative risk, RR 0.5; 95% confidence interval,
95% CI 0.3-0.9; P = 0.01). Progestogen-treated neonates had a
significantly lower composite neonatal morbidity (19.1%)
compared with placebo (30.9%) (odds ratio, OR 0.53; 95% CI
0.31-0.90; P = 0.02), with significantly lower odds for respiratory
distress syndrome (14.4 versus 23.4%; OR 0.55; 95% CI 0.31-0.98;
P = 0.04), retinopathy of prematurity (1.1 versus 4.6%; OR 0.21;
95% CI 0.05-0.96; P = 0.04), and culture-confirmed sepsis (3.4
versus 12.8%; OR 0.24; 95% CI 0.10-0.57; P = 0.00).

Conclusions Intramuscular 17OHPC therapy did not reduce PTB
before 37 weeks of gestation in unselected twin pregnancies.
Nonetheless, 17OHPC significantly reduced neonatal morbidity
parameters and increased birthweight.

Keywords 17-Alpha-hydroxyprogesterone caproate, preterm birth,
prevention, progestogens, twin gestation.
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Introduction

Preterm birth (PTB), a leading cause of perinatal mortality
and morbidity, affects about 60% of twin gestations.'”
With the rise in the incidence of multiple gestations as a
result of the widespread use of assisted reproductive tech-
nologies, the burden of prematurity has become increas-
ingly disproportionate and substantial. Compared with

singletons, twins are born earlier, weigh less, and are more

likely to die in the first year of life, accounting for 70% of
neonatal deaths.*

Enthusiasm for exploring the potential benefits of pro-
gestogens for the reduction of PTB in pregnancy is derived
from the proposed role of progesterone in the control of
parturition in primates.” Progesterone has been found to
promote uterine quiescence, prevent cervical ripening, and
modulate the production of cytokine by amnion epithelial
demonstrated  that antenatal

cells.® Research has
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progestogens are successful in preventing PTB in singleton
pregnancies;” ° namely, in those at risk of preterm labour
(PTL) as a result of a short cervix,®'® or because of a
previous history of PTB.”'! Little evidence is available to
suggest that this effect may also be associated with reduced
perinatal morbidity and mortality, however. Moreover, this
proposed strategy has not proven successful in the
preventive management of PTL in unselected twin
pregnancies.'” '

Our working hypothesis was that prophylactic
17-alpha-hydroxyprogesterone caproate (17OHPC) therapy
might reduce births prior to 37 weeks of gestation in twin
pregnancies. We designed this randomised controlled dou-
ble-blind trial (RCT) to evaluate the efficacy of weekly
250-mg injections of 170OHPC, compared with placebo, for
preventing PTB in unselected twin pregnancies.

Methods
Trial design

This was a single-centre, controlled, double-blind trial with
randomisation into two parallel groups, with a treatment
to placebo allocation ratio of 2:1. The study protocol was
approved by the American University of Beirut (AUBMC)
Institutional Review Board. Once identified, eligible women
were approached by research assistants during routine ante-
natal visits, who explained the objectives, methods, and
potential side effects of the intervention. Signed informed
consent was obtained from all participants. The trial was
registered at ClincialTrials.gov (NCT00141908).

Inclusion and exclusion criteria

Inclusion criteria were: twin pregnancy diagnosed by ultra-
sound and maternal age >18 years. Exclusion criteria con-
sisted of the following: ultrasonographically diagnosed fetal
anomalies; elective cervical cerclage prior to 14 weeks of
gestation; hypertension; diabetes mellitus; asthma; history
of deep vein thrombosis; history of hepatic disease or
abnormal liver enzymes; pre-existing renal disease or
abnormal kidney function; and seizure disorders.

Primary and secondary outcomes

The primary clinical outcome measure was defined as the
PTB rate prior to 37 weeks of gestation. Secondary clinical
outcome measures included early preterm birth (prior to
32 and 28 weeks of gestation), low birthweight (LBW;
<2500 g), very low birthweight (VLBW; <1500 g), extre-
mely low birthweight (ELBW; <1000 g), neonatal morbid-
ity, perinatal mortality, and maternal morbidity. Neonatal
morbidity was defined as any of the following neonatal
complications: respiratory distress syndrome; pneumonia;
culture-confirmed sepsis; intraventricular haemorrhage
(grades IIT and IV), necrotising enterocolitis; periventricular

leukomalacia; retinopathy of prematurity; patent ductus
arteriosus; seizures; and/or bronchopulmonary dysplasia.
Perinatal death was calculated as the sum of stillbirths
(intrauterine fetal death after 24 weeks of gestation) and
neonatal deaths (within the first 28 days of life). Maternal
morbidity included any of the following maternal compli-
cations occurring during the course of pregnancy: gesta-
tional diabetes; hypertensive disorders; and preterm
premature rupture of membranes. Safety outcome measures
were local side effects (injection site soreness, bruising,
itching, and pruritus) and systemic adverse effects.

Randomisation

Women were individually randomised to one of the parallel
groups using the permuted-block randomisation method.
The randomisation envelopes were prepared by means of
random number tables in the pharmacy department.
Immediately following recruitment, the research assistant
opened the next numbered opaque envelope to assign the
consenting patient to receive either 17OHPC or placebo.
Treating doctors, investigators, ancillary personnel, and
participants were all blinded to treatment assignment for
the duration of the trial. Randomisation was not stratified
by chorionicity, although the latter was ascertained at the
delivery by inspection.

Participants

Eligible women were recruited at 12-20 weeks of gestation.
Randomisation was performed on the day of recruitment,
but the allocated treatment was started between 16 and
20 weeks of gestation following the fetal morphology scan.
Recruitment started on 1 September 2006 and ended on
31 December 2011. Women were followed-up until deliv-
ery and neonates were followed-up until discharge from
hospital.

Interventions

Women received weekly intramuscular injections of the
allocated treatment from 16-20 until 36 weeks of gestation.
Treatment consisted of 250 mg of active 170HPC
(Proluton Depot®; Schering AG, Berlin, Germany); the pla-
cebo was castor oil provided by the hospital pharmacy.
Both compounds had the same external appearance. Partic-
ipants were offered to receive the allocated treatment from
a study nurse either in hospital or at home.

Follow-up visits were performed at 24, 28, 32, 34 and
36 weeks of gestation, unless otherwise required.
Participants were managed according to routine clinical
protocol. Medications were dispensed during each clinic
visit by the hospital pharmacy on an exchange basis,
whereby participants received injection refills after they
returned empty vials. Treatment compliance was closely
monitored and patients were called on a weekly basis by a
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research assistant to remind them to take the injection.
Non-compliance was recorded when more than 10 days
had elapsed from the last injection date. Interruption of
treatment assignment was considered in the event of one of
the following complications: vaginal bleeding; cholestasis of
pregnancy; premature rupture of membranes; or drug side
effects. The use of other progestogens was considered a
violation to the study protocol.

Sample size estimation

On the basis of data from a previous study by our group,'®
we estimated that about 54% of twin gestations in the pla-
cebo group would deliver before 37 completed weeks of
gestation. A total sample size of 290 women (193 in the
170HPC group and 97 in the placebo group) was therefore
estimated to be appropriate to detect a 33% reduction in
the rate of preterm delivery prior to 37 weeks of gestation,
under the assumptions of a type-I error (two-sided) of 5%
and a power of 80%. A treatment to placebo allocation
ratio of 2:1 was chosen because of the promising results of
the protective effect of progestogens in high-risk singleton
pregnancies upon the initiation of the study. It was felt that
patients assigned to the placebo group would receive pain-
ful injections on a weekly basis with no possibility of direct
benefit.

Statistical analyses

Statistical analysis was performed using spss 20 (SPSS Inc.,
IBM, Armonk, NY, USA), adjusting for clustering and using
the intention-to-treat model. To account for missing data
as a result of patient drop-out, imputation of the mean of
the other group was performed for numeric outcomes and
worst-case analysis for non-parametric outcomes.

Baseline characteristics were presented as means (stan-
dard deviations) and frequencies, and were analysed across
treatment groups using an unpaired Student’s t-test for
continuous variables, after confirming the normality and
homogeneity of variances, Fisher’s exact test for dichoto-
mous variables, and the chi-square test for categorical vari-
ables. The primary outcome, PTB rate prior to 37 weeks of
gestation, was presented as frequency, measured at the
woman-level and compared across treatment groups using
Fisher’s exact test. A relative risk was also estimated using
the placebo group as a reference. The secondary neonatal
outcomes, LBW, VLBW, neonatal morbidity, and perinatal
mortality were presented as frequencies, taking the neonate
as the unit of analysis. Birthweight was presented as mean
(standard deviation), and was measured at the neonate
level. To account for dependence between outcomes of
neonates within the same pregnancy, the generalised esti-
mating equation (GEE) approach was used to adjust for
clustering, using an unstructured working correlation
matrix, robust (empirical) variance estimator, and kernel

Progestogens for prevention of preterm birth in twins

log quasi-likelihood function under the Independence
Model Criterion (QIC). The logit link function was used
for secondary neonatal outcomes with binary response vari-
ables. The identity link function was used for birthweight.
Maternal morbidity outcomes were presented as frequen-
cies, measured at the woman level, and compared across
allocation groups using Fisher’s exact test.

Gestational age at birth was measured at the woman
level and compared using the Wilcoxon rank sum test for
non-normally distributed continuous variables. A Kaplan—
Meier survival analysis was performed using the Gehan—
Wilcoxon test to evaluate the proportion of undelivered
women in each allocation treatment group. No adjustment
to the type-I error rate was performed for any secondary
outcomes. P < 0.05 was considered statistically significant.

Results

Of the 344 women with twin pregnancy initially screened,
323 were found eligible to participate (93.9%) and 293
were randomised after giving informed consent (85.2%);
275 were found to be fully compliant with the treatment
protocol (91.7%; Figure 1, 93.4% in the 170HPC group
compared with 94.8% in the placebo group). The baseline
demographic and clinical characteristics of participants in
both treatment allocation groups were comparable
(Table 1). All participants were white and none used alco-
hol or illicit drugs. No cases of twin-to-twin transfusion
syndrome were encountered.

Local side effects were reported in ten (5.1%) participants
in the 170HPC group and in seven (7.4%) participants in

Enrollment ] ’ Assessed for eligibility (n = 344) ‘

Excluded (n = 51)

+ Not meeting inclusion criteria (n = 21)
+ Declined to participate (n = 28)

+ Other reasons (n = 2)

Randomised (n = 293)

! ™ voeaion ] l

Allocated to 170HPC (n = 197)
+ Received allocated intervention (n = 184)
+ Did not receive allocated intervention
(shifted to 170HPC; n = 12)
(refused to continue with injections; n = 1)

v Follow-up v

Lost to follow-up (n = 2)

Allocated to placebo (n = 96)

+ Received allocated intervention (n = 91)

+ Did not receive allocated intervention
(refused to continue with injections; n = 5)

Lost to follow-up (n = 3)

[ Anaysis |

Analysed (n = 94)

Analysed (n = 194)

+ Excluded from analysis (n = 3): missing
data about the primary outcome

+ Excluded from analysis (n = 2): missing
data about the primary outcome

Figure 1. Women recruits at each stage of the trial.
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Table 1. Baseline demographic and clinical characteristics of
participants with twin pregnancy randomised to receive
17-hydroxyprogesterone caproate (170HPC) or placebo

170HPC Placebo
(n = 194) (n =94)

Maternal age, years (SD) 30.5 (5.6) 30.7 (5.0)

Gestational age at randomisation, 19.0 (2.1) 19.2 (1.7)
weeks (SD)

Pre-pregnancy body mass index, 23.8(5.2) 23.9(4.6)
kg/m? (SD)

Nulliparity, n (%) 126 (64.9) 68 (72.3)
Previous preterm birth, n (%) 8 (4.1) 4 (4.3)
Method of conception, n (%)

Spontaneous 25.9) 19 (20.2)

50 (
Ovulation induction 24 (12.4) 7 (7.4)
IVF/ICSI* 119 (61.6) 68 (72.4)
Monochorionicity, n (%) 32 (16.6) 16 (17.2)
Bleeding during first trimester, n (%) 39 (20.1) 21 (22.3)
Amniocentesis, n (%) 9 (4.6) 3(3.2)
2 (

Smoking during pregnancy, n (%) 1.0) 1(1.1)

*IVF/ICSI, in vitro fertilisation/intracytoplasmic injection.
Comparison between groups: P = NS.

the placebo group. The differences were not statistically sig-
nificant. There were no withdrawals as a result of medication
intolerance, and there were no severe adverse effects in any
of the participating groups.

The incidence of pregnancy-related complications (gesta-
tional diabetes, hypertensive disorders, preterm prolonged
rupture of membranes, and chorioamnionitis) was similar
in both groups (Table 2). No cases of chorioamnionitis
were observed. The proportion of women receiving tocolyt-
ic therapy and corticosteroid injections for fetal lung matu-
ration was similar in both groups. The rate of caesarean
delivery was also comparable.

There was no significant difference in the mean gesta-
tional age at delivery between the two groups: 35.1 weeks
in the 170HPC group and 34.6 weeks in the placebo group
(P = NS; Table 3). There were no significant differences
between groups in the rates of PTB before 37, 32, and
28 weeks of gestation; there was nonetheless a trend
towards a lower rate of deliveries before 32 weeks of gesta-
tion in the 17OHPC group (9.3%) compared with placebo
(16.0%) (relative risk, RR 0.5; 95% confidence interval,
95% CI 0.3-1.1; P = 0.09). Kaplan—Meier survival analysis
of the proportion of undelivered pregnancies throughout
weeks of gestation using the Gehan—Wilcoxon test showed
no significant differences between the two groups
(P = 0.62; Figure 2).

The mean birthweight was found to be significantly lar-
ger in the 17OHPC group (2280 g) compared with placebo
(2142 g) (P =0.01; Table 3). The proportion of VLBW
neonates was significantly lower in the 17OHPC group
(7.6%) compared with the placebo group (14.3%) (RR 0.5;
95% CI 0.3-0.9; P = 0.01).

Progestogen-treated neonates had a significantly lower
composite neonatal morbidity (19.1%) compared with pla-
cebo (30.9%) (odds ratio, OR 0.53; 95% CI 0.31-0.90;
P = 0.02; Table 4). Progestogen treatment was associated
with significantly lower odds for respiratory distress syn-
drome (14.4 versus 23.4%; OR 0.55; 95% CI 0.31-0.98;
P = 0.04), retinopathy of prematurity (1.1 versus 4.6%;
OR 0.21; 95% CI 0.05-0.96; P = 0.04), and culture-con-
firmed sepsis (3.4 versus 12.8%; OR 0.24; 95% CI 0.10—
0.57; P = 0.00). The proportion of 5-minute Apgar scores
below 7 was comparable between the groups. No
between-group differences were found for duration of stay
in the neonatal intensive care unit and the proportion of
neonates requiring assisted ventilation. There were 17 peri-
natal deaths in the progestogen group (4.4%) and 15 peri-
natal deaths in the placebo group (8.0%) (OR 0.53;
95% CI 0.21-1.33; P = 0.18).

Table 2. Maternal outcomes and pregnancy-related complications according to treatment allocation groups

170HPC

Placebo OR (95% ClI) P

Antenatal interventions, cases/n (%)
Tocolytic therapy

Corticosteroids for fetal lung maturation
Caesarean delivery

Maternal complications, cases/n (%)
Composite maternal morbidity* 29/194 (14.9)
Gestational diabetes 13/194 (6.7)
(
(

67/194 (34.5)
81/194 (41.8)
161/194 (83.0)

Hypertensive disorders 16/194 (8.2)
Preterm premature rupture of membranes 6/131 (4.6)

33/94 (35.1) 1.0 (0.6-1.6) 0.92
43/93 (46.2) 0.8 (0.5-1.4) 0.47
81/94 (86.2) 0.8 (0.4-1.6) 0.49
14/93 (15.1) 1.0 (0.5-2.0) 0.98
7/94 (7.4) 1.0 (0.3-2.3) 0.51
7/94 (7.4) 1.1 (0.4-2.8) 0.51
2/56 (3.6) 1.3 (0.2-6.6) 0.55

*Composite maternal morbidity was defined as any of the following occurring maternal complications: gestational diabetes, hypertensive

disorders, and/or preterm premature rupture of membranes.
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Table 3. Gestational age and birthweight at delivery according to treatment allocation groups

170HPC Placebo RR (95% CI) P

Gestational age at birth 35.1(3.1) 34.6 (3.8) — 0.21
Preterm birth categories, cases/n (%)

<37 weeks of gestation 119/194 (61.3) 58/94 (61.7) 1.0 (0.6-1.6) 0.95
<32 weeks of gestation 18/194 (9.3) 15/94 (16.0) 0.5 (0.3-1.1) 0.09
<28 weeks of gestation 8/194 (4.1) 8/94 (8.5) 0.5 (0.2-1.3) 0.13
Birthweight, g (SD) 2280 (560) 2142 (594) - 0.01
Birthweight categories, cases/n (%)

<2500 g 241/383 (62.9) 127/182 (69.8) 0.7 (0.5-1.1) 0.11
<1500 g 29/383 (7.6) 26/182 (14.3) 0.5 (0.3-0.9) 0.01
<1000 g 10/383 (2.6) 5/182 (2.7) 0.9 (0.3-2.8) 0.92

, support the significant improvements previously demon-
1.0+

o =4 o
= o w
1 1 1

Proportion of undelivered Pregnancies
b
1

0.0+

T T T T
24 26 28 30 32 34 36 38 40
Weeks of gestation

Figure 2. Kaplan-Meier survival analysis of women in each allocation
group remaining pregnant at each gestational age (P = 0.62).

In order to account for missing values as a result of
patient drop-out, the following strategies were used to
avoid violating the intention-to-treat principle. Imputation
of the mean of the other group method did not alter the
significant difference in birthweight in favour of the pro-
posed intervention (2278 4 556 g versus 2141 4 587 g;
P =0.01). Worst-case analyses were also performed for
binary outcome variables by imputing all ‘bad outcomes’
in the progestogen group and all ‘good outcomes’ in the
placebo group. While strengthening the significance of the
decrease in composite neonatal morbidity (OR 0.57;
95% CI 0.33-0.96; P = 0.04) and culture-confirmed sepsis
(OR 0.32; 95% CI 0.14-0.72; P = 0.01) in the progestogen
intervention group, this imputation method failed to

strated for the following outcomes: retinopathy of prema-
turity (OR 0.69; 95% CI 0.21-2.24; P = 0.54); respiratory
distress syndrome (OR 0.63; 95% CI 0.36-1.11; P = 0.11);
and VLBW (RR 0.52; 95% CI 0.26-1.05; P = 0.06).

Subgroup analysis of the primary outcome by chorionici-
ty suggested no significant differences in the rate of PTB
before 37 weeks of gestation for dichorionic twins treated
with progestogens (62%) and placebo (62%) (P = NS).
Insignificant differences were also found for monochorionic
twins (56 versus 59%; P = NS). Similarly, subgroup analy-
sis of VLBW and composite neonatal morbidity showed no
significant between-group differences for dichorionic and
monochorionic twins.

Discussion

Main findings

Our study demonstrated that 17OHPC does not prolong
gestation in unselected twin pregnancies. Survival analysis
confirmed the lack of a significant difference in expec-
tancy-to-delivery rates between treatment allocation groups.
The use of 170HPC was associated with larger twins, and
a significantly lower composite neonatal morbidity rate:
namely decreased odds for culture-confirmed sepsis, and
possibly for respiratory distress syndrome and retinopathy
of prematurity. Subgroup analysis by chorionicity revealed
no significant differences in PTB rates, low birthweights,
and composite neonatal morbidity for dichorionic and
monochorionic twins in both groups.

Strengths and limitations

The strengths of this study are the prospective and rando-
mised placebo-controlled double-blind design and the high
patient eligibility (93.9%), consent (85.2%), and compli-
ance rates (91.7%). One possible limitation may be the
choice of 170HPC dose. Extrapolation from the 250-mg

© 2014 Royal College of Obstetricians and Gynaecologists
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Table 4. Neonatal outcome according to treatment allocation, taking the neonate as the unit of analysis

170HPC

Placebo OR (95% CI) P

Morbidity, cases/n (%)
Composite neonatal morbidity*
Apgar score at 5 minute <7 15/388 (3.9)
Patent ductus arteriosus 3/375 (0.8)
Pneumonia 4/377 (1.1)
Seizures 2/374 (0.5)
Retinopathy of prematurity 4/379 (1.1)
Respiratory distress syndrome 55/381 (14.4)

74/388 (19.1)

Sepsis (culture-confirmed) 13/384 (3.4)
Necrotising enterocolitis 4/386 (1.0)
Bronchopulmonary dysplasia 6/385 (1.6)
Intraventricular haemorrhage, grade II-IV 7/381 (1.8)

Periventricular leukomalacia 0/382
Assisted ventilation 36/374 (9.6)
Congenital malformations 8/383 (2.1)
Mortality, cases/n (%)

Perinatal death 17/388 (4.4)

Stillbirth 12/388 (3.1)
Neonatal death 5/388 (1.3)
Hospital stay (days), mean (SD) 9(17)

58/188 (30.9) 0.53 (0.31-0.90) 0.02
12/188 (6.4) 0.59 (0.22-1.56) 0.29
5/180 (2.7) 0.29 (0.06-1.5) 0.14
6/186 (3.2) 0.32 (0.65-1.58) 0.16
6/186 (3.2) 0.16 (0.02-1.49) 0.1
9/186 (4.6) 0.21 (0.05-0.96) 0.04
44/188 (23.4) 0.55 (0.31-0.98) 0.04
24/188 (12.8) 0.24 (0.10-0.57) 0.00
6/188 (3.2) 0.32 (0.06-1.57) 0.16
9/188 (4.8) 0.31 (0.08-1.23) 0.10
6/188 (3.2) 0.57 (0.15-2.17) 0.41

0/188 = =
28/184 (15.2) 0.59 (0.29-1.18) 0.14
7/186 (3.8) 0.53 (0.17-1.66) 0.27
15/188 (8.0) 0.53(0.21-1.33) 0.18
10/188 (5.3) 0.61 (0.21-1.83) 0.38
5/188 (2.7) 0.48 (0.10-2.32) 0.36
13 (17) - 0.15

*'Composite neonatal morbidity” included any of the following: respiratory distress syndrome, pneumonia, culture-confirmed sepsis,
intraventricular hemorrhage (grade IlI-IV), necrotizing enterocolitis, periventricular leukomalacia, retinopathy of prematurity, patent ductus

arteriosus, seizures, and/or bronco-pulmonary dysplasia.

weekly dose that showed favourable effects in singletons,"'
without taking account of the particular haemodynamic
changes that occur in multiple gestations, may prove inap-
propriate. One may postulate that dose adjustment of the
progestogen could contribute differently to the primary
outcome effect. Recently, however, fetal number was not
found to significantly affect 17OHPC concentrations.'® In
fact, 1000-mg weekly 170HPC treatments in twin gesta-
tions was associated with a paradoxical increase in PTB
rates <32 weeks of gestation.'” Caritis et al.'® showed a
negative correlation between 170OHPC plasma concentra-
tions and twin gestational age at delivery (hazard ratio,
HR 1.14; P = 0.001; ©* = 0.49). On the other hand, increas-
ing the daily dose of vaginal progesterone from 200 to
400 mg did not cause negative effects on PTB rates in
dichorionic diamniotic twins."”

Other limitations are the lack of baseline assessment data
on cervical length and/or biomarkers of PTB, and that its
design did not stratify twin pregnancies into risk levels for
PTB, which may have led to a general dilution effect on
the final outcome measures.

Interpretation

Similar to our study, several RCTs that evaluated antenatal
progestogens in twin pregnancies could not demonstrate
any reduction in PTB rates.'> '****! The STOPPIT trial

even showed a higher incidence of PTB <34 weeks of gesta-
tion in twins treated with vaginal progesterone (OR 1.36;
95% CI 0.89-2.09).>* In contrast, a higher incidence was
found for the same outcome in the placebo group in
another RCT (OR 3.48; 95% CI 1.16-10.46).”> Combs
et al.'* demonstrated a significant  difference  in
latency-to-delivery rates by Kaplan—Meier survival analysis;
however, the 3-day gain favouring 170OHPC was deemed to
be of little clinical significance.

The efficacy of progestogen therapy has been well
documented in selected high-risk singleton pregnancies.” '
It remains unclear as to why progestogens express this
differential effect on PTB prevention. Aside from the pro-
tean nature of the PTL process, it is possible that the
mechanisms underlying labour in twins are different from
those in singletons.”* In singleton pregnancies, an inverse
relationship was found between cervical length and a
progesterone-lowering effect on PTB rates.”> Singleton
pregnancies with short cervices are therefore more likely to
benefit from progestogen therapy.” ' This has not been
supported in twin gestations, despite the proven powerful
predictor of a short cervix for PTB in twins.*® Although
several RCTs failed to demonstrate any beneficial effects of
170HPC on PTB rates in twin pregnancies with short
cervices,"*”” a more recent study demonstrated a
significantly increased rate of PTB <32 weeks of gestation
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in the progestogen group.'” It may be presumed that in
twins, unlike singletons, cervical ripening may not be a pri-
mary player in the pathogenesis of PTB.

It has also been proposed that the placental to myometrial
surface area ratio, which is decreased in multiple gestations,
could reflect the capability to delay labour.”® The lack of
uterine responsiveness to progestogens in twin pregnancies,
despite higher progesterone production, may indicate differ-
ent pathways of parturition control than those operating in
singleton pregnancies, with excessive uterine distention
being a plausible mechanism. The finding that progesterone
failed to inhibit stretch-induced mitogen-activated protein
kinase (MAPK) gene expression in human myometrial cells
sheds further doubts about the promise of a valuable role in
the prevention of PTB in multiple gestations.*

Whereas most studies found no birthweight differences
in multiple gestations receiving progestogen therapy, com-
pared with placebo,'>*" distinctive findings of two RCTs
indicate that 17OHPC could even be associated with a sig-
nificant increase in VLBW (RR 2.0; 95% CI 1.0-3.9) and
LBW (RR 1.9; 95% CI 1.2-3.1) neonates.'>'* Senat et al.'”
also reported a significant reduction of birthweights in
association with 17OHPC.

A unique pattern of outcome response to progestogens
has been suggested to occur as a function of chorionicity;
however, this was not demonstrated in our study. Sub-
group analysis of the primary outcome in the STOPPIT
trial showed a non-significant trend towards decreased PTB
rates <34 weeks of gestation with vaginal progesterone in
monochorionic twins (OR 0.62; 95% CI 0.24-1.58), con-
trasted with increased rates in dichorionic twins (OR 1.73;
95% CI 1.06-2.83).”* Although underpowered, a subgroup
analysis of the PREDICT trial also showed a higher
mean gestational age at delivery (252 £ 14.1 versus
245 £ 22.0 days; P =0.08) and a lower proportion of
VLBW neonates (1.2 versus 13.2%; OR 0.1; 95% CI 0.0—
0.6) in the progesterone group in monochorionic twins.*'

In singletons, little data exist to support significant
improvement in neonatal outcomes with antenatal progest-
ogens.” '® One RCT reported reduced neonatal sepsis in
singleton pregnancies with short cervices (RR 0.28; 95% CI
0.08-0.97).>" Another RCT showed a reduction in the rates
of intraventricular haemorrhage."' These concur with
results derived from a subgroup analysis of an individual
patient meta-analysis, in which vaginal progesterone
decreased neonatal morbidity and mortality in twin preg-
nancies with short cervices (RR 0.52; 95% CI 0.29-0.93).%°
In both the AMPHIA and the Combs et al. trials, 177OHPC
did not improve individual component morbidities or the
composite neonatal morbidity measure, compared with
placebo (RR 1.34; 95% CI 0.95-1.89;*° OR 1.2; 95% CI
0.6-2.5"). In our study, however, a significant trend
favouring an overall beneficial effect of 17OHPC is clearly

Progestogens for prevention of preterm birth in twins

apparent across various primary and secondary outcome
measures: decreased rate of PTB <32 weeks of gestation,
reduced rate of VLBW, increased mean birthweight, lower
composite neonatal morbidity rate, and less respiratory dis-
tress syndrome, retinopathy of prematurity, and cul-
ture-confirmed sepsis. These findings clearly stand out
when compared with results from most other published
RCTs on the subject.

Differences in racial and genetic characteristics of the
study population could account for the wide discrepancy in
response patterns. Recently, evidence in favour of a rela-
tionship between clinical response to 17OHPC and proges-
terone  receptor (PR)  polymorphisms has been
demonstrated.”® Specific single-nucleotide polymorphisms
have been linked to increased PTB risk during 170OHPC
treatment.’> Particular haplotypes have been associated
with a 13- to 16-fold increased risk of PTB <32 weeks of
gestation when white and Hispanic women were treated
with 170HPC.”>* PR genotypic heterogeneity and variable
pattern of PR signaling could then explain racial disparity
in PTL risk,>»* and also predict the response effect to
170HPC therapy.” The spontaneous recurrent PTB rate
<34 weeks of gestation was found to be higher following
170HPC treatment in African American women, compared
with white women (OR 2.1; 95% CI 1.7-2.4).%

Conclusion

Despite all controversies on the role of progestogens in the
preventive management of preterm birth in twin pregnan-
cies, our findings confirm the growing body of evidence
indicating that 17OHPC therapy is not effective in prolong-
ing the gestation of unselected twin pregnancies. We none-
theless have shown a significant reduction in composite
neonatal morbidity and increased birthweight when
170HPC was started at 1620 weeks of gestation.
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