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Abstract

Objective To evaluate the effect of a single 250-mg dose

of 17 alpha-hydroxyprogesterone caproate (17-OHPC)

intramuscularly as adjunct to nifedipine tocolysis in pre-

term labor.

Method Women diagnosed with threatened preterm labor

between 22 and 35 weeks’ gestation scheduled to receive

nifedipine tocolysis and prophylactic antenatal corticoste-

roid were randomized to a single intramuscular injection of

250 mg of 17-OHPC or placebo saline in a double-blind

fashion. Nifedipine tocolysis and corticosteroids were

administered to all participants. Further management was

otherwise carried out according to providers’ discretion.

Main outcome measures are delivery within 48 h and

7 days.

Results Data were analyzed for the 56 participants ran-

domized to 17-OHPC and 56 randomized to placebo.

Delivery rates within 48 h were 11/54 (20.4%) versus

15/56 (26.8%) RR 0.76 (95% CI 0.38–1.51) and within

7 days were 13/52 (25.0%) versus 19/54 (35.2%) RR 0.71

(95% CI 0.39–1.29) for 17-OHPC and placebo groups,

respectively, and were similar. Recruitment to delivery

interval, gestation at delivery, delivery rate before

34 weeks’ and 37 weeks’ gestation, and neonatal outcomes

were also similar.

Conclusion The results indicated that adjunctive single-

dose 17-OHPC in combination with nifedipine tocolysis for

threatened preterm labor did not delay delivery.
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Introduction

In the United States, 17–34% of infant deaths are attrib-

utable to prematurity and the causes of prematurity remain

an enigma in about half the cases [1]. Amongst live-born

preterm infants, survival rates increased steadily from 0 to

3% at 22 weeks’ gestation to 95–98% by 32 weeks’ ges-

tation [2]. Preterm birth has a long-term adverse effect on

survival, reproduction, and next-generation preterm birth

[3] as well as medical and social consequences [4]: the

impact is discernible even for late preterm infants delivered

after 33–34 weeks [3, 4].

Treatment with antenatal corticosteroids reduces neo-

natal death, respiratory distress syndrome, cerebroventric-

ular hemorrhage, necrotising enterocolitis, respiratory

support, intensive care admissions, and systemic infections

in the first 48 h of life in preterm births [5]. The effect of

treatment is optimal if the baby is delivered more than 48 h

and less than 7 days after the start of treatment [6]. After

34 weeks, 94 women will need to be treated to prevent one

case of respiratory distress syndrome [7].

There is no clear evidence that tocolysis improves outcome

but tocolysis should be considered if the few days gained

would be put to good use, such as completing a course of

corticosteroids or facilitating in utero transfer [8]. Atosiban or

nifedipine appears preferable; they have fewer adverse effects

and seem to have comparable effectiveness [8].

Women who had preterm labor and birth have lower

progesterone level [9, 10] but this finding is not consis-

tently demonstrated [11, 12]. For women with a history of

preterm birth or a short cervix on ultrasound, progesterone
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reduces preterm birth before 34 weeks [13]. Progestational

agents for treating threatened or established preterm labor

may reduce preterm birth but only four relevant studies

with 35–60 participants each were identified which limits

the power of the meta-analysis [14]. Prophylactic injections

of 250 mg of 17-OHPC on a weekly basis are effective at

preventing preterm delivery in women with a history of

preterm births [15].

The actions of progesterone are mediated by two pro-

gesterone receptors, PR-A, and PR-B, which function as

modulators of gene expression and repress the expression

of genes that encode contraction-associated proteins

(CAPs), which promote labor [16]. Recently, Renthal

et al. [17] describe a novel pathway in which progester-

one directly up regulates the repressive transcription

factor ZEB1 and also increase ZEB2 (zinc finger E-box

binding homeobox proteins 1 and 2), the latter via an

increase in miRNA-200 [short RNA molecules that bind

to complementary sequences in target messenger RNAs

(mRNAs) and inhibit translation]. This cascade of events

represses the expression of two critical CAP genes,

connexin43 (CNX43), which encodes a major gap-junc-

tion protein that helps synchronize contractile activity,

and the oxytocin-receptor gene (OXTR). This pathway

may provide a molecular platform for the therapy of

preterm labor [16].

Of the women with threatened preterm labor treated

with nifedipine, 20.4% delivered within 48 h and 31%

within 7 days [18]. There is still a need in preterm labor for

more effective methods of prolonging pregnancy for at

least 48 h for corticosteroids to take maximal effect and for

a week or more for significant additional maturity.

We sought to evaluate the effect of a single 250-mg dose

of 17 alpha-hydroxyprogesterone caproate (17-OHPC) as

an adjunctive treatment in women scheduled to receive

nifedipine tocolysis and prophylactic antenatal corticoste-

roid for threatened or established preterm labor on the

effects of delaying delivery by 48 h and 7 days.

Method

The trial is registered at ISRCTN with assigned identifier

ISRCTN22145023. Recruitment was from March 2007 to

January 2010 in the University of Malaya Medical Centre,

Kuala Lumpur, Malaysia. Ethical approval was provided

by our institutional review board (approval number 516.4,

dated 18 July 2006). Written informed consent was

obtained from all participants,

We approached women who presented with threatened

preterm labor at 22–35 weeks’ gestation after the decision

to provide both nifedipine tocolysis and antenatal cortico-

steroid prophylaxis had already been made according to

usual practice. Recruited women were symptomatic with

uterine contractions and sometimes associated vaginal

discharge or vaginal pressure but might not have a dilated

cervix. Exclusion criteria were multiple pregnancy,

maternal fever, known severe fetal anomalies, and con-

firmed rupture of membrane.

Participants were randomly assigned to receive either a

single 250-mg dose intramuscularly of 17-OHPC or pla-

cebo saline on a 1:1 ratio.

The trial agents were packaged in identical containers.

Randomization was effected by opening numbered enve-

lopes and the randomization sequence was generated (by

PCT) using an electronic generator provided by rando-

m.org and variable block size of 8 or 12 was used. The trial

agent was administered by the delivery suite nurse at about

the same time as first dose of oral nifedipine and prophy-

lactic corticosteroid injection. Participants and their pro-

viders were blinded as to the treatment group assignment.

In our center, we used nifedipine tablets taken orally for

tocolysis. Tocolysis was initiated only in the delivery suite

with continuous electronic fetal monitoring and close

maternal observation. Ten milligram of nifedipine orally

was first given and further 10 mg doses may be repeated

every 15 min titrated against uterine response up to a

maximum of five doses of oral nifedipine. Maintenance

dose of 20 mg slow release nifedipine orally every eight

hourly was typically given for up to 48 h after the initial

loading regime. Women whose labor progressed despite

nifedipine tocolysis were usually allowed to deliver.

Dexamethasone was used as the prophylactic antenatal

corticosteroid in our hospital. The typical regimes were two

doses of 12 mg intramuscularly 12 h apart or four doses of

6 mg intramuscularly 12 h apart depending on provider

preference. In women with prior distant exposure to a

completed course of dexamethasone, some providers

would administer a single 12-mg ‘‘rescue’’ dexamethasone

dose.

At recruitment, participant characteristics were recor-

ded. After delivery, hospital records were reviewed to

obtain maternal and neonatal outcome data. Participants

lost to follow-up and delivered in other hospitals were

contacted by telephone or mail to obtain outcome data.

The primary outcome measures were delivery within

48 h and within 7 days of trial entry. Secondary outcome

measures included delivery before 34 weeks, delivery

before 37 weeks, mode delivery, birth weight, gestational

age, Apgar score, cord pH, admission to the neonatal unit,

perinatal mortality, neonatal morbidity including respira-

tory distress syndrome, intraventricular hemorrhage, nec-

rotising enterocolitis, surfactant use, and mechanical

ventilation at up to 28 days after birth.

Assuming a reduction of 50% in the delivery rate within

1 week from 31% [18] to 15.5%, with adjunctive
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17-OHPC, with alpha of 0.05, power of 0.8, one to one

recruitment ratio, and using the Fisher’s exact test, 128

women in each arm would be needed for a suitably pow-

ered study.

Analysis was based on intention to treat. Fisher’s exact

test was used to analyze 2 9 2 categorical data sets and the

Chi-square test for larger than 2 9 2 categorical data sets.

Normal distribution of continuous data was checked with

the Kolmogorov–Smirnov test. Continuous variables

whose values were normally distributed had their mean and

distribution analyzed using the Student t test. The Mann–

Whitney U test was used to analyze continuous data that

were not normally distributed and the data were displayed

as median (interquartile range).

Results

The recruitment flow chart is as shown on Fig. 1. One

hundred and thirteen women were randomized, 57 to pro-

gesterone, and 56 to placebo injection. One randomization

envelope went missing. One woman randomized to pro-

gesterone was excluded; she was found to be of 37 weeks’

gestation soon after randomization before tocolysis was

commenced. Two women (one each randomized to

17-OHPC and placebo) declined allocated treatment but

were included in the analysis as per analysis by intention to

treat. Others received allocated treatment as consented.

Twenty-one participants delivered elsewhere, 15 of

whom were contactable and some basic birth data were

obtained (Fig. 1). Six were lost completely to follow-up;

four of these six women were discharged from hospital

undelivered after more than 48 h but before 7 days.

Table 1 shows the characteristics of the participants.

The randomized groups were similar in relation to the

recorded characteristics.

The outcomes of the trial are displayed in Table 2. The

primary outcome measures of delivery rate within 48 h and

delivery within 7 days were not significantly different:

11/54 (20.4%) versus 15/56 (26.8%), P = 0.50, relative

risk (RR) 0.76, (95% CI 0.38–1.51) and 13/52 (25.0%)

versus 19/54 (35.2%), P = 0.29, RR 0.71 (95% CI

Number of participants recruited
N = 113

Included in Analysis
n = 56

Randomisation to progesterone
n = 57

Outcome data
Delivered at study centre
n = 43
Delivered elsewhere, limited
birth data obtained
n = 9
Delivered elsewhere, no birth
data obtained
n = 4

Randomisation to saline placebo
n = 56

Exclusion
Gestation 37 weeks

n =1

Included in Analysis
n = 56

Outcome data
Delivered at study centre
n = 48
Delivered elsewhere, limited
birth data obtained
n = 6
Delivered elsewhere, no birth
data obtained
n = 2

Fig. 1 Flow chart of randomized trial of 17 alpha-hydroxyprogester-

one caproate versus placebo for preterm labor

Table 1 Characteristics of trial

participants according to

randomization to

17-hydroxyprogesterone

caproate (17-OHPC) or saline

placebo intramuscular injection

Data expressed as

mean ± standard deviation,

median [interquartile range] or

number (%)

Analysis is by Student t test for

continuous variables, Mann–

Whitney U test for non-

normally distributed or ordinal

data and for categorical data, the

Fisher’s exact test for 2 9 2

data sets and Chi-square test for

larger data sets

17-OHPC (n = 56) Placebo (n = 56) P value

Age (years) 29.1 ± 5.1 28.5 ± 4.1 0.55

Gestation (weeks) 32.9 [2.8] 32.6 [4.6] 0.77

Gestation B34 weeks 53/56 (94.6) 52/56 (92.9) 1.00

Gravidity 2 [2] 2 [3] 0.22

Parity 1 [1.75] 1 [2] 0.37

Ethnicity

Malay 38 (67.9) 37 (66.1) 0.49

Indian 12 (21.4) 9 (16.1)

Chinese 2 (3.6) 6 (10.7)

Others 4 (7.1) 4 (7.1)

Cervical dilation (cm) 0 [1] 0 [3] 0.22

Contracting at least every 5 min 31/56 (55.4) 28/56 (50.0) 0.71

Ultrasound estimation of fetal weight (kg) 1.89 ± 0.54 1.81 ± 0.55 0.47

Previous preterm birth 7 (12.5) 9 (16.1) 0.45

Previous admission for threatened preterm labor 3 (5.4) 1 (1.8) 0.62

Previous cesarean delivery 8 (14.3) 9 (16.1)
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0.39–1.29) for progesterone and placebo arms, respec-

tively. Secondary outcome measures of recruitment to

delivery interval, delivery before 34 and 37 weeks’

gestation and various neonatal outcomes were also no

different.

The only known perinatal mortality occurred in the

17-OHPC group and was due to presumed complications of

prematurity (delivered at 30 weeks’ gestation, birth weight

1 kg). Very limited data were available for this case as the

woman delivered in another hospital. She was discharged

after 4 days in our unit and delivered at 14 days after

recruitment. The baby died 2 days after birth.

This trial was stopped early before achieving target

recruitment of 254 women due to very slow recruitment

rate, depleted funding, and investigators moving on.

Changed in practice at our center as the trial proceeded,

with an increasing proportion of threatened preterm labor

at 34 weeks’ gestation or beyond no longer considered for

tocolysis and prophylactic corticosteroids had reduced the

pool of potential recruits. An analysis of available data was

Table 2 Trial outcomes and reported adverse symptoms according to randomization to 17-hydroxyprogesterone caproate (17-OHPC) or saline

placebo intramuscular injection

17-OHPC (n = 56) Placebo (n = 56) P value Relative risk (95% CI)

Primary outcomes

Delivery within 48 h (n = 110a) 11/54 (20.4) 15/56 (26.8) 0.50 0.76 (0.38–1.51)

Delivery within 7 days (n = 106a) 13/52 (25.0) 19/54 (35.2) 0.29 0.71 (0.39–1.29)

Secondary outcomes

Recruitment to delivery interval [(days), n = 106a] 35 [45] 24 [40] 0.13

Gestational age at delivery [(weeks), n = 106a] 36.8 ± 3.9 35.6 ± 4.2 0.14

Delivery before 34 weeks’ gestation (n = 62b) 8/31 (25.8) 13/31 (41.9) 0.28 0.61 (0.30–1.27)

Delivery before 37 weeks’ gestation (n = 106a) 23/52 (44.2) 25/54 (46.3) 0.85 0.85 (0.63–1.45)

Cumulative nifedipine dose (mg) in first 48 h 180 [80] 160 [135] 0.16

Mode of delivery (n = 106a) 0.50

Spontaneous vaginal 35/52 (67.3) 38/54 (70.4)

Operative vaginal 1/52 (1.9) 3/54 (5.6)

Cesarean 16/52 (30.8) 13/54 (24.1)

Neonatal outcome

Birth weight, kg (n = 105a) 2.62 ± 0.75 2.53 ± 0.77 0.57

Low birth weight (\2.5 kg) 19/51 (37.3) 20/54 (37.0) 1.00

Apgar score at 5 min (n = 90a) 10 [0] 10 [0] 0.83

Umbilical cord blood pH (n = 89a) 7.31 [0.09] 7.29 [0.10] 0.80

Neonatal intensive care unit admission (n = 104a) 14/51 (27.5) 13/53 (24.5) 0.82 1.11 (0.58–2.14)

NICU outcomes (n = 25c)

Mechanical ventilation 5/12 (41.7) 5/13 (38.5) 1.00 1.08 (0.41–2.83)

Continuous positive airways pressure 6/12 (50.0) 9/13 (69.2) 0.43 0.72 (0.37–1.41)

Culture proven sepsis 2/12 (16.7) 3/13 (23.1) 1.00 0.72 (0.14–3.61)

Intraventricular hemorrhage 1/12 (8.3) 0/13 (0.0) 0.48 Not calculable

Necrotising enterocolitis 1/12 (8.3) 1/13 (7.7) 1.00 1.08 (0.08–15.5)

Oxygen requirement on day 7 of life 4/12 (33.3) 6/13 (46.2) 0.69 0.72 (0.27–1.95)

Oxygen requirement on day 28 of life 2/12 (16.7) 5/13 0.38 0.43 (0.10–1.83)

Data expressed as number (%), mean ± standard deviation or median [interquartile range] if the data are ordinal or distribution is non-normal by

Kolmogorov–Smirnov test. The Fisher’s exact test is used for categorical 2 9 2 data sets and Chi-square test for larger data sets. Analysis is by

Mann–Whitney U test for non-normally distributed or ordinal data. Student t test was also used to analyze mean and standard deviation
a Missing or incomplete data compared with N = 112. Twenty-one participants (13 randomized to 17-OHPC and 8 to placebo) delivered in a

different hospital of whom six (four randomized to 17-OHPC and two to placebo) were completely lost to follow-up. Outcome data of women

who delivered elsewhere were limited
b Included only participants who were recruited at no later than 33 weeks’ gestation
c The infants of two participants who delivered elsewhere were admitted to the local neonatal intensive care intensive care unit. Further details

were not available
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performed after 34 months of recruitment (planned

recruitment was for 254 patients in 12 months) with 113

women recruited. The analysis also suggested that our

original assumption of a 50% reduction (RR 0.5) in

delivery rate within 1 week from 31 to 15.5% was opti-

mistic. Based on our result of 35.2 versus 25.0% (RR 0.71)

delivered within 7 days for placebo versus 17-OHPC, a

study with 80% power with alpha set at 0.05 requires 770

participants.

Discussion

Our trial did not show a significant prolongation in preg-

nancy, reduction in preterm birth or improvement in down-

stream neonatal outcomes when a single 250-mg

intramuscular dose of 17 alpha-hydroxyprogesterone cap-

roate was administered as an adjunct to nifedipine tocolysis

in preterm labor. Although fewer patients delivered within

48 h and 7 days with adjunctive 17-OHPC, the difference

was not statistically significant. However, we stopped our

recruitment at 113 patients before achieving our target of 254

reducing the power of our trial to demonstrate an effect.

An early study from 1960 reported that there were no

differences between the progesterone group and placebo

group with regard to the number of patients in whom

delivery was successfully postponed [19]. Oral progester-

one has subsequently been shown to reduce uterine activity

but the tocolytic effect is not as intense or as rapid as the

effect of intravenous beta-mimetics [20].

A study of 60 women tocolysed with atosiban who were

then randomized to 341 mg of 17-OHPC injection twice

weekly until 36 weeks have demonstrated amelioration of

cervical shortening and reduction in preterm births [21].

Another study of 44 women tocolysed with ritodrine and

then randomized to oral progesterone has also shown a

reduction in preterm births [22]. The findings from these

smaller trials of progesterone as an adjunct to standard

tocolysis are in contrast to our data which did not dem-

onstrate a large beneficial effect for 17-OHPC. This dif-

ference in effect may reflect differences in dose, route of

administration, type of progesterone, period of progester-

one administration, and the primary tocolytic agent used in

the other studies.

Maintenance therapy with 17-OHPC that followed

aborted preterm labor has been demonstrated to be effec-

tive in reducing pro-inflammatory secretions at the cervix

and cervical shortening [23]. Progesterone suppository

maintenance therapy in a study with 70 women is associ-

ated with longer pregnancy latency and a reduction in

neonatal respiratory distress syndrome [24].

Our study has other limitations in addition to that of

reduced power because of not achieving targeted number

of patients. We did not define preterm labor precisely

relying instead on providers’ diagnosis and their decision

to tocolyse and administer antenatal corticosteroids as the

starting point for the identification of our study population.

Cervical dilation was also not a criterion for preterm labor

and many participants had a closed external cervical os at

recruitment. Also, routine assessment of cervical length by

ultrasonography and detection of fetal fibronectin in vagi-

nal secretions were not used in managing suspected pre-

term labor in our center. These screening methods may

assist in identifying cases at particularly high risk of pre-

term labor and birth. However, the overall delivery rate

within 7 days of recruitment of 31.1% in our study was

virtually identical to the 31% rate we had used for power

calculation as derived from the nifedipine arm of meta-

analysis of nifedipine tocolysis trials [18] indicating that

our case identification for preterm labor is very similar to

these previously published trials of tocolysis for preterm

labor. Hence our finding should be generalizable in that

respect.

In a 2008 report of an in vitro study, 17-OHPC dose-

dependently stimulated contractility in myometrial tissues

suspended in organic chambers whereas progesterone sig-

nificantly inhibited spontaneous contractility dose-depen-

dently [25]. Similarly according to a 2009 report,

progesterone exerts rapid inhibition of the amplitude of

myometrial contractions in vitro but 17-OHPC does not on

experiments with human myometrial strips [26]. In a cohort

study of women, receiving regular injections of 17-OHPC

as prophylaxis against preterm labor published in 2010, no

reduction in contraction frequency was observed after

17-OHPC administration, and in fact, the converse was

observed for the average contractions 3 days prior com-

pared with 3 days’ posttreatment [27]. These observations

do not exclude a genomic-based benefit of 17-OHPC on

preterm labor but would favor the use of progesterone

rather than 17-OHPC in a future trial.

Single-dose 17 alpha-hydroxyprogesterone caproate

injection in combination with nifedipine tocolysis did not

significantly reduce the rate of deliveries within 48 h or

within 7 days in threatened preterm labor in our study.

However, adequately powered studies on the short- and

long-term effect of progesterone in preterm labor are still

warranted as the preponderance of current data suggests

possible benefit.
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