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Summary

Preterm birth is the leading cause of perinatal morbidity and mortality worldwide, and its
prevention is an important healthcare priority. Preterm parturition is one of the ‘great obstetrical
syndromes’ and is caused by multiple etiologies. One of the mechanisms of disease is the untimely
decline in progesterone action, which can be manifested by a sonographic short cervix in the
midtrimester. The detection of a short cervix in the midtrimester is a powerful risk factor for
preterm delivery. Vaginal progesterone can reduce the rate of preterm delivery by 45%, and the
rate of neonatal morbidity (admission to neonatal intensive care unit, respiratory distress
syndrome, need for mechanical ventilation, etc.). To prevent one case of spontaneous preterm
birth <33 weeks of gestation, 12 patients with a short cervix would need to be treated. VVaginal
progesterone reduces the rate of spontaneous preterm birth in women with a short cervix both with
and without a prior history of preterm birth. In patients with a prior history of preterm birth,
vaginal progesterone is as effective as cervical cerclage to prevent preterm delivery. 17a-
Hydroxyprogesterone caproate has not been shown to be effective in reducing the rate of
spontaneous preterm birth in women with a short cervix.
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Introduction

Preterm birth (<37 weeks of gestation) is the leading cause of perinatal morbidity and
mortality worldwide, and affects 5-18% of all pregnancies.! In 2009, 13 million neonates
were born preterm: 11 million in Africa and Asia and 500 000 in the USA.2 The highest
rates of preterm birth are in Africa (11.9%) and North America (10.6%).2 Short- and long-
term complications of preterm birth are well known to obstetricians and pediatricians.3-10
The financial cost of preterm birth has been estimated to be $26 billion per year in the USA
alone.1 A less-appreciated burden of preterm birth is borne by families caring for preterm
infants.

The challenge of the prediction and prevention of preterm birth has been difficult to address.
Recent developments suggest that it is possible to identify a subset of patients at risk for
preterm delivery, and to prevent this adverse pregnancy outcome with the use of
progestogens. In this article, we review an important conceptual framework about
spontaneous preterm birth — specifically, the role of progestogens to prevent preterm
delivery.

Defining a medical disorder (preterm birth) on the basis of age alone: a

pitfall

Preterm birth is defined by the gestational age at which it occurs (conventionally <37 weeks
of gestation); yet, age is an unusual way of defining disease in medicine.3 The norm is to
identify pathologic conditions associated with discreet symptoms and signs caused by
specific mechanisms of disease.® For example, Mycobacterium tuberculosis is able to induce
lung inflammation (pneumonia), which is clinically manifested by fever, a cough,
expectoration, etc., and can be cured with the administration of antibiotics. Using age to
define a medical condition or disease state recognizes only one of its problems, namely, that
the greater the organ immaturity at the time of birth, the higher the risk of death and short-
and long-term complications.3 However, the age at birth, by itself, is not informative as to
why preterm birth occurred. The causes of preterm birth have important implications for the
prognosis of the newborn.12-20

Similarly, at the other end of the life spectrum (i.e. geriatrics), the older an individual, the
more likely it is that he/she will have a disease state (secondary to senescence); yet, disease
is not defined purely on the basis of age.2 An elderly individual is treated differently if the
cause of the symptoms (e.g. cough) is cancer, congestive heart failure, or pneumonia. One of
the issues impeding progress in the prevention of preterm birth is the failure to consider the
specific causes responsible for this condition, thereby enabling meaningful prevention.2:

Preterm birth is not a single condition

Two-thirds of preterm births occur because women go into spontaneous labor, with intact or
ruptured membranes; the other third results from indicated preterm deliveries for potentially
life-threatening conditions (e.g. pre-eclampsia) or fetal complications (e.g. intrauterine
growth restriction).3 The complexity of the problem extends further — spontaneous preterm
labor, prelabor rupture of membranes (PROM), pre-eclampsia, and intrauterine growth
restriction are all syndromes caused by multiple etiologies. We have coined the term “great
obstetrical syndromes’ to reframe the concept of obstetrical disease.21~23 Such syndromes
are characterized by: (i) multiple etiologies; (ii) a long preclinical stage; (iii) frequent fetal
involvement; (iv) clinical manifestations that are often adaptive in nature; and (v) gene—
environment interactions that may predispose to the syndromes.21-23
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Preterm parturition syndrome

We have proposed that preterm labor is a syndrome characterized by activation of the
common pathway of parturition, which we defined as the anatomical, biochemical,
endocrinologic, and clinical events that occur in term and preterm parturition.2124.25 The
uterine components of the common pathway include: (i) increased uterine contractility; (ii)
cervical ripening; and (iii) decidual membrane activation (Fig. 1).21:2425 A crucial
difference between term and preterm labor is that the former represents ‘physiologic
activation of the common pathway’, whereas the latter represents a pathologic process
(‘pathologic activation that extemporaneously activates components of the common
pathway’) (Fig. 2).24-26

Activation of the different uterine components of the common pathway of parturition may
be synchronous or asynchronous.2” Synchronous activation results in clinical spontaneous
preterm labor, whereas asynchronous results in a different clinical presentation (referred to,
by some, as a phenotype). For instance, predominant activation of the membranes would
lead to preterm prelabor rupture of membranes (PPROM), of the cervix to cervical
insufficiency, and of the myometrium to increased preterm uterine contractions (Fig. 3).24
The activation of each component confers a different risk for impending preterm delivery.
For example, rupture of membranes is followed by the onset of labor, in most cases, within a
short period of time. By contrast, most patients who present with increased uterine
contractility at an early gestational age deliver at term. Acute cervical insufficiency
(formerly called “cervical incompetence’) may lead to a late spontaneous abortion or early
preterm delivery within days or weeks after diagnosis.2>28-31 An isolated short cervix in the
midtrimester is an example of asynchronous activation of the common pathway of
parturition, because in general, patients do not have increased uterine contractility or
evidence of ruptured membranes. The mechanisms of disease responsible for the preterm
parturition syndrome are shown in Fig. 4,32 and the evidence in support of this has been
reviewed elsewhere.?!

Progesterone: a key hormone for pregnancy maintenance

Progesterone was discovered as a hormone produced by the corpus luteum, essential for
pregnancy maintenance.33-3% Removal of the ovary with the corpus luteum in the first
trimester of pregnancy leads to spontaneous abortion,*0 unless progesterone is replaced. The
name of the hormone reflects this understanding (“pro’: in favor; ‘-gest’: gestation; ‘-one’:
ketone chemical structure). In most mammalian species, progesterone concentrations in
peripheral blood decrease before the onset of labor at term — a progesterone
withdrawal.41-49 Nonetheless, this does not occur in humans, and therefore, the role of
progesterone in pregnancy maintenance beyond the first trimester has been

controversial 41:43:46-48,50-55 However, an important concept is that subsets of women who
have a preterm delivery also have a progesterone deficiency, which is largely subclinical in
nature but can be sonographically detected by a midtrimester short cervix.® The basis for this
hypothesis is that the administration of progesterone receptor antagonists (e.g. RU-486) any
time in gestation leads to cervical ripening (which includes shortening), and sometimes, the
onset of labor.56-61 For these reasons, it has been proposed that a progesterone deficiency
can be corrected by the administration of this hormone in close anatomic proximity to the
Cervix.

Sonographic short cervix: arisk factor for preterm delivery

Many studies have now provided compelling evidence that women with a short cervix,
detected by transvaginal ultrasound in the midtrimester of pregnancy (18-24 weeks), are at
risk for spontaneous preterm delivery.28:62-69 The cervix should be longer than 30 mm
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during normal pregnancy. Women with a cervix of <15 mm have a 50% chance of preterm
delivery at <33 weeks of gestation.56 The shorter the cervix, the greater the risk of preterm
delivery. It is possible to estimate the individualized risk of preterm delivery based upon
cervical length in the midtrimester, a prior history of preterm birth, and other maternal
characteristics.’® However, sonographic cervical length is not a screening test for
spontaneous preterm delivery, since only a fraction of patients (<60%) who will have a
spontaneous preterm birth have a short cervix in the midtrimester. Yet, sonographic cervical
length is a method for risk assessment for spontaneous preterm delivery. It is the single most
powerful predictor for preterm birth in the index pregnancy,56:71 and is far more informative
than a history of prior preterm birth.66.72.73

Vaginal progesterone to prevent preterm birth: randomized clinical trials

The first randomized clinical trial (RCT) to examine the effects of vaginal progesterone on
the prevention of preterm birth in women with a short cervix was reported by da Fonseca et
al.” on behalf of the Fetal Medicine Foundation Second Trimester Screening Group of the
United Kingdom. In this trial, women with a short cervix (defined as <15 mm by
transvaginal ultrasound) between 20 and 25 weeks of gestation were allocated to receive
either vaginal progesterone (200 mg of micronized progesterone) or placebo (safflower oil).
The duration of treatment was from 24 to 34 weeks of gestation. The primary outcome of the
trial was the frequency of spontaneous preterm delivery at <34 weeks of gestation. Patients
allocated to receive vaginal progesterone had a lower rate of preterm delivery than those in
the placebo group [19.2% (24/125) vs 34.4% (43/125)]. The rate of adverse events was
similar. The trial was not designed to test whether progesterone administration could reduce
neonatal morbidity, and such a reduction was not observed. Twins were included in this
trial; however, the number of twin gestations was small.

The second trial designed to determine the effects of vaginal progesterone on the rate of
preterm birth in women with a sonographic short cervix was the PREGNANT trial.”® This
was a multicenter, randomized, double-blind, placebo-controlled trial that enrolled
asymptomatic women with a singleton gestation and a sonographic short cervix (10-20 mm)
at 19-23%/7 weeks of gestation. Patients were randomly allocated to receive a vaginal
progesterone gel (90 mg) vs placebo daily, starting between 20 and 23%/7 weeks of gestation
until 368/7 weeks of gestation, rupture of membranes, or delivery, whichever occurred first.
The primary endpoint was preterm birth before 33 weeks of gestation. Of the women
randomized, 458 were available for analysis. Patients allocated to receive vaginal
progesterone had a significantly lower rate of preterm birth before 33 weeks of gestation
than those allocated to placebo [8.9% vs 16.1%; relative risk (RR): 0.55; 95% confidence
interval (Cl): 0.33-0.92; P = 0.02 (when adjusted for pooled study site and a history of
previous preterm birth, RR: 0.54; 95% ClI: 0.33-0.89; P = 0.01)]. It was estimated that 14
women with a cervical length between 10 and 20 mm would need to be treated with vaginal
progesterone to prevent one case of preterm birth before 33 weeks of gestation. In addition,
there was a significant decrease in the rate of preterm delivery <35 and <28 weeks of
gestation (Fig. 5). Importantly, neonates born to mothers allocated to receive vaginal
progesterone gel had a significantly lower frequency of respiratory distress syndrome (RDS)
than those allocated to placebo (3% vs 7.6%; RR: 0.39; 95% CI: 0.17-0.92; P = 0.03). The
number of patients needed to treat to prevent one case of RDS was 22. The reduction in
RDS remained significant after adjusting for pooled study site and a history of preterm birth
(RR: 0.40; 95% CI: 0.17-0.94; P = 0.03). Frequencies of other neonatal adverse outcomes
were not statistically significant. Adverse events were similar, and there was no evidence of
a potential safety signal.
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An individual patient meta-analysis is a specific type of systematic review in which original
research data from each participant in a study are obtained directly from the investigators.’6
This method is considered the “gold standard’ to summarize evidence across clinical trials,
since it offers several advantages (both statistically and clinically) over conventional meta-
analyses that use aggregated data.’”

An individual patient meta-analysis was recently published. The primary endpoint was to
determine whether the use of vaginal progesterone in asymptomatic women with a short
cervix in the midtrimester (<25 mm) reduces the rate of preterm birth, and improves
neonatal morbidity and mortality.”® The pre-specified primary outcome was preterm birth
<33 weeks of gestation. Secondary outcomes included: preterm birth at <37, <36, <35, <34,
<30, and <28 weeks of gestation; RDS; birth weight <1500 g; admission to the neonatal
intensive care unit (NICU); and use of mechanical ventilation. Perinatal morbidity/mortality
(secondary outcome measure) was assessed using a composite outcome, which was defined
as the occurrence of any of the following events: RDS, intraventricular hemorrhage,
necrotizing enterocolitis, proven neonatal sepsis, or neonatal death.”8

Five high-quality studies were included with a total of 775 women and 827
infants.”#75.79-81 Treatment with vaginal progesterone was associated with a significant
reduction in the rate of preterm birth <33 weeks of gestation (RR: 0.58; 95% CI: 0.42—
0.80).78 Vaginal progesterone treatment was also associated with a significant reduction in
the rate of preterm birth <35 weeks of gestation (0.69; 0.55-0.88), <28 weeks of gestation
(0.50; 0.30-0.81) (Fig. 6), RDS (0.48; 0.30-0.76), birth weight <1500 g (0.55; 0.38-0.80),
admission to NICU (0.75; 0.59-0.94), requirement for mechanical ventilation (0.66; 0.44—
0.98), and composite neonatal morbidity and mortality (0.57; 0.40-0.81) (Fig. 7).78

Subgroup analysis on the effect of vaginal progesterone was only performed for the primary
outcome of preterm birth <33 weeks of gestation, and for the secondary outcome of
composite neonatal morbidity and mortality. The following results have clinical
implications.’®

1. A daily dosage of 90-100 mg of progesterone was equivalent to a daily dosage of
200 mg in both the reduction of preterm birth and composite neonatal morbidity
and mortality.

2. Vaginal progesterone was equally effective in women having a short cervix both
without a history of prior preterm birth and those with a history of prior preterm
birth, in reducing preterm birth <33 weeks of gestation and composite neonatal
morbidity and mortality.

3. No differences were shown in the effect of progesterone as a function of cervical
length in women with a short cervix (<25 mm) for the prevention of preterm birth
or reduction of neonatal morbidity and mortality (as determined by a test of
interaction).

Altogether, the evidence suggests that vaginal progesterone prevents preterm delivery at <33
weeks of gestation in women with a midtrimester short cervix, and this is also associated
with a reduction in neonatal morbidity. Based upon the results of the individual patient
meta-analysis, @ the indication for vaginal progesterone can also be extended to women with
a history of spontaneous preterm birth who have a short cervix.
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17a-Hydroxyprogesterone caproate (170HP-C) in women with a short

cervix

‘Progestogen’ is a compound with progesterone-like action (natural or synthetic),82-86
which has been defined as the ability of a chemical agent to transform a proliferative into a
secretory endometrium to support pregnancy. The term ‘progestins’ refers to synthetic
progestogens and, for the sake of clarity, should not be applied to natural progesterone
(examples of progestins include medroxyprogesterone acetate, norethindrone, and
levonorgestrel, which have been used as agents for contraception and hormone
replacement).3® 170HP-C is a synthetic progestogen, and the human body does not produce
the caproate molecule.3? The main reason for adding the caproate molecule is to prolong the
half-life of the compound. However, this change alters the structure of the molecule, and
could result in modifications of the pharmacologic or physiologic properties of the drug.2®
Progesterone is not the same as 170HP-C: the chemical differences and a comparison
between the two agents in aspects relevant to the prevention of preterm birth have been
recently reviewed.3°

Is 170HP-C effective in preventing preterm birth in women with a short cervix? A
multicenter randomized controlled trial, conducted in nulliparous women, with a singleton
gestation between 16 and 2237 weeks of gestation, and a cervical length <30 mm (10th
percentile in this population) was designed to examine this question and yielded negative
results.8” Women were randomized to receive weekly 250 mg intramuscular injections of
170HP-C or an identical-appearing placebo through 36 weeks. The primary outcome was
preterm birth <37 weeks of gestation. Of 15 435 women screened, 1588 (10.3%) had a
cervical length <30 mm. After 657 women had been randomized (n = 327 to 170HP-C and
n = 330 to placebo), the study was ended by the Data Safety Monitoring Board after a
planned interim analysis had revealed that further enroliment was unlikely to demonstrate a
significant difference between the study groups.8” There was no difference in the frequency
of preterm birth <37 weeks between the 170HP-C and placebo groups (25.1% vs 24.2%;
RR: 1.03; 95% CI: 0.79-1.35). Moreover, there was no difference in the rate of preterm
delivery <35 weeks (13.5% vs 16.1%; RR: 0.84, 95% CI: 0.58-1.21), or at <32 weeks of
gestation (8.6% vs 9.7%; RR: 0.88; 95% CI: 0.54-1.43). Subgroup analysis showed no
benefit from 170HP-C in women with either a cervical length of <15 mm, or at 10-20 mm.
Based upon such evidence, weekly 170HP-C intramuscular administration cannot be
recommended for nulliparous patients having a cervical length <30 mm. This observation is
consistent with other studies indicating that 170OHP-C does not reduce the rate of cervical
shortening when administered to women with a prior history of preterm birth.88

17a-Hydroxyprogesterone caproate to prevent preterm delivery in women
with a prior history of preterm birth

Meis et al.89 conducted a double-blind, placebo-controlled trial of women with a history of
prior spontaneous preterm birth in which women were enrolled at 16—20 weeks of gestation,
and assigned to receive either weekly injections of 250 mg of 170HP-C or an inert oil
placebo. Injections were continued until delivery, or 36 weeks of gestation. The primary
outcome was preterm delivery <37 weeks of gestation. Treatment with 170HP-C
significantly reduced the risk of delivery at <37 weeks of gestation (36.3% vs 54.9%; RR:
0.66; 95% CI: 0.54-0.81). There was also a significant reduction in the rate of preterm
delivery <35 and <32 weeks of gestation. However, there are issues of efficacy and safety.
Keirse®0 questioned the results because of the unexpectedly high frequency of preterm birth
in the placebo group (54.9%; 84/153). He suggested that 170OHP-C may not have been
effective because the rate of preterm birth in this group was 36.3%,8° which was similar to
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the baseline rate of preterm birth (37%) for a similar population,! and the placebo group in
another trial by the same investigators. In fact, the power calculation of the Meis et al. trial
was based on the observed rates of prematurity in a study by the Maternal-Fetal Medicine
Units Network.%1 The power calculation estimated that 37% of the women in the placebo
group would deliver before 37 weeks of gestation.89-91 Similarly, US Food and Drug
Administration (FDA) officials analyzing this trial also indicated that the rate of preterm
birth in the 170HP-C group (36.3%) was very similar to that in the placebo group of a
similar study (http://www.fda.gov/ohrms/dockets/ac/06/slides/2006-4227S1-index.htm; see
below).

It is not widely known that an initial randomized, placebo-controlled study (with a target
enrollment of 500 women) known as ‘17P-1F-001" was conducted by the Maternal-Fetal
Medicine Units Network. The purpose of this study was to test the effectiveness and safety
of 170HP-C in the prevention of preterm birth <37 weeks of gestation. However, after 150
women had been enrolled and treated, the study was prematurely ended because of a study
drug recall, secondary to quality control issues. In women allocated to receive placebo, the
rate of preterm delivery was 38.5% (15/39), and the rate was 43.1% (28/65) in those
allocated to receive 170HP-C (non-significant results).8? Yet, 38.5% is much lower than the
54.9% in the trial of Meis et al.8° The high rate of preterm delivery in the control group
(54.9%) has been the subject of debate. The investigators of the trial®® have argued that the
participants were at very high risk for preterm delivery based upon obstetrical history,
ethnicity, and willingness to be randomized to a painful weekly injection. It has been
suggested that the latter would apply mainly to highly motivated patients at substantial risk
for preterm delivery. Yet, if this is the actual explanation for the high rate of preterm
delivery in the control group (54.9%), this argument goes against the trial’s external validity.
For example, if the rationale is that 170OHP-C is only effective in African-American women
with bacterial vaginosis and more than one preterm birth (which were allegedly
overrepresented in the control group), and who are strongly motivated to receive weekly
intramuscular injections, then it is valid to ask whether 170HP-C should be administered to
women with a prior preterm birth, but who do not have the other poor prognostic factors
used to explain the high rate of preterm delivery in the control group.2>

An important issue with the administration of any drug is one of safety. Meis et al. reported
an excess of miscarriages and stillbirths in those receiving 170HP-C.89 Yet, this was not
statistically significant. This finding was not discussed in the paper, in the Editorial which
followed, %2 nor in subsequent articles and opinions of professional organizations.?3-% On
29 August 2006, this matter was first brought up by the medical officer of the FDA when
reviewing the results of the trial at the Advisory Committee meeting.%¢ A slide was
produced by the FDA which indicated that women receiving 170OHP-C in the midtrimester
had a higher rate of fetal and neonatal death in the first 66 days of treatment, than in those
receiving placebo. This observation is known as a ‘safety signal’ in pharmacovigilance. A
safety signal is a non-statistically significant increase in the rate of adverse events during
exposure to a drug.9” Data and Safety Monitoring Committees are appointed for several
reasons; one is to monitor for adverse events or safety signals that may lead to termination
of a trial for unexpected risks. It is noteworthy that the FDA approval of the commercial
preparation of 170HP-C includes a warning that administration of this agent may increase
the frequency of gestational diabetes and other complications, and requires physicians to
inform potential patients of the numerically non-significant increase in the rate of stillbirth
and spontaneous abortions. (The package insert is available at: http://
www.accessdata.fda.gov/drugsatfda_docs/label/2011/021945s000Ibl.pdf). Both the
American College of Obstetricians and Gynecologists and the Society for Maternal-Fetal
Medicine recommend that patients be counseled appropriately and sign an informed consent
when receiving 170HP-C (Letter to Members, Friday, 29 April 2011).
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The FDA has approved administration of 170HP-C to prevent preterm birth in women with
a prior history under Subpart H of the Code of Federal Regulations, which is a regulatory
pathway used when the decision is based on a surrogate endpoint (delivery <37 weeks of
gestation), and further studies are necessary. Currently in the USA, another randomized
clinical trial of 170HP-C is underway; women with a prior history of preterm birth will be
allocated to receive either placebo or 170HP-C. The primary endpoint is preterm delivery
<35 weeks of gestation. The originally predicted date for conclusion has been extended from
October 2013 until 2016. One question to consider is that if professional organizations and
regulatory agencies are truly convinced that 170HP-C is effective, is it ethical to randomize
women with a history of prior preterm delivery to receive a placebo? Another issue is a
report that 170HP-C may increase perinatal mortality. A recent double-blind, randomized
clinical trial in mothers with triplet gestations who were randomly assigned to weekly
injections of 250 mg 170HP-C or placebo reported 13 midtrimester fetal losses in the
treatment group (vs none in the placebo group).®8 In France, a recent randomized controlled
trial conducted in asymptomatic women with a twin gestation and short cervix (<25 mm)
reported that the rate of early preterm delivery (<32 weeks of gestation) was significantly
greater in patients given 170HP-C compared to the placebo group (29% vs 12%; P =
0.007).%9 Moreover, neonatal morbidity was slightly higher in the 17OHP-C group (but not
significant). If the randomized clinical trial currently taking place in the USA is completed
and yields negative results, the FDA has the authority to change the approval status of
170HP-C.

An interesting clinical scenario is that of a patient undergoing weekly injections of 170HP-
C (for a history of preterm birth) who is diagnosed with a short cervix (<25 mm) in the
midtrimester.2°> The question is whether the patient should continue receiving 170HP-C, or
should this be discontinued and the patient switched to vaginal progesterone or undergo
cerclage placement? 170HP-C administration has not been shown to be effective in women
having a short cervix, and therefore this agent should not be continued. Nor does evidence
exist that 170HP-C should be combined with vaginal progesterone; thus, this strategy
cannot be recommended. Based upon the safety concerns of 170HP-C, we recommend that
the best strategy is to discontinue 170HP-C, and begin treatment with vaginal progesterone,
since this has proven to be effective in women with a short cervix and history of preterm
birth.25:100

Vaginal progesterone to prevent preterm birth in twin gestations

Three randomized clinical trials have explored whether vaginal progesterone can prevent
preterm birth in twin gestations (without considering cervical length); two used vaginal
progesterone (90 mg daily, in a bioadhesive gel),101.102 \whereas the third trial used 200 mg
in the form of vaginal progesterone pessaries.8! All trials were negative. A logical question
is whether a larger dose of vaginal progesterone for the prevention of preterm birth is
required in twin gestations. Serra et al.103 reported a randomized, controlled, double-blind,
multicenter trial in which women with dichorionic, diamniotic twin gestations were
randomized at 20 weeks of gestation to either placebo, or two different doses of vaginal
progesterone in daily pessaries (one group received 200 mg, and the other group received
400 mg). The primary end point of the study was preterm birth <37 weeks of gestation. The
rate of preterm birth at <37, <34, <32, and <28 weeks of gestation was not significantly
different among the three groups. The frequency of a sonographic short cervix (<25 mm) in
this trial was low (1.7%; 5/290), and this may be one explanation for the negative results.

There are two noteworthy observations from the trial of Serra et al.103 First, a higher dosage
(400 mg vs 200 mg) of vaginal progesterone did not yield efficacy. Second, higher doses of
progesterone appeared to have side-effects. A dose-dependent trend (non-significant) was
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noted towards a higher incidence of intrahepatic cholestasis among women treated with
progesterone.193 Therefore, it is prudent to use the lowest effective dose, even for a natural
hormone that is present in high concentrations in the peripheral blood during pregnancy.

It is clear that regardless of the reason for lack of effectiveness of vaginal progesterone for
the prevention of preterm delivery in twin gestations, further randomized clinical trials in
unselected twin gestations do not seem justified.194 The question is whether randomized
clinical trials have not focused on the specific population that could benefit from this
treatment. A sonographic short cervix is also a powerful predictor of preterm birth in twin
gestations.195:106 |ndeed, the same cervical length confers a greater risk for preterm birth in
twin than in singleton pregnancies. A cervical length of <15 mm in singletons confers a 50%
risk for preterm delivery at <32 weeks of gestation,%6 whereas the same risk is conferred to
twin gestations by a cervical length of <25 mm.105 A systematic review and meta-analysis
of twin gestations reported that among asymptomatic women, a cervical length <20 mm (at
20-24 weeks of gestation) was a major predictor of preterm birth <32 and <34 weeks of
gestation (with pooled positive likelihood ratios of 10.1 and 9.0, respectively).106 Thus, the
question arises as to whether vaginal progesterone administered to women with dichorionic
twin gestations and a short cervix can prevent preterm birth.

In the individual patient meta-analysis described above,’® a subgroup analysis in twin
gestations with a cervical length of <25 mm was performed. Vaginal progesterone was
associated with a non-significant trend towards reduction in the rate of preterm birth <33
weeks of gestation (30.4% vs 44.8%; RR: 0.70; 95% CI: 0.34-1.44). Yet, vaginal
progesterone did lead to a significant reduction in composite neonatal morbidity and
mortality (23.9% vs 39.7%; RR: 0.52; 95% CI: 0.29-0.93). It is important to note that the
observations are based upon a small number of patients; thus, the 30% decrease may not
have reached statistical significance because of the small sample size. However, composite
neonatal morbidity and mortality was significant when the sample size was larger. A
properly designed randomized controlled trial in twin gestations is required to determine the
efficacy of vaginal progesterone to prevent preterm birth and neonatal morbidity and
mortality in women with a short cervix.25:78.104

Patients with a short cervix, prior preterm birth, and singleton gestation
(cervical cerclage vs vaginal progesterone)

There is evidence that patients with a sonographically short cervix (<25 mm) and a prior
history of preterm birth may benefit from placement of a cervical cerclage.10 Such evidence
is derived from a meta-analysis of five randomized clinical trials of women diagnosed with a
short cervix prior to 24 weeks of gestation, in which cerclage was compared to expectant
management.198-112 \Women receiving a cerclage had a lower rate of preterm birth <35
weeks of gestation (primary outcome) than the no-cerclage group [28.4% (71/250) vs 41.3%
(105/254); RR: 0.70; 95% CI: 0.55-0.89]. Cerclage placement also reduced preterm birth
<37, <32, <28, and <24 weeks of gestation. Regarding composite perinatal morbidity and
mortality, this was significantly reduced in the cerclage vs no-cerclage group (15.6% vs
24.8%; RR: 0.64; 95% CI: 0.45-0.91). Recently, two professional organizations
recommended that cerclage may be considered for the treatment of women with a singleton
gestation, prior spontaneous preterm birth, and short cervical length (<25 mm) at <24 weeks
of gestation 113114

Hence, there are two interventions that may reduce the rate of preterm delivery in patients
with a history of preterm birth and a short cervix (<25 mm): vaginal progesterone
administration or cervical cerclage. Yet, this situation could create a dilemma for physicians
and patients about the optimal choice of treatment. There are no randomized controlled trials

Semin Fetal Neonatal Med. Author manuscript; available in PMC 2015 February 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Romero et al.

Page 10

comparing vaginal progesterone and cervical cerclage directly for the prevention of preterm
birth in women with a midtrimester sonographic short cervix, singleton gestation, and
history of prior spontaneous preterm birth.190 In the absence of such evidence, indirect
meta-analysis has emerged as an accepted and valid method for the comparison of
competing interventions with the use of a common comparator.115-118 Sych indirect meta-
analysis of randomized clinical trials comparing vaginal progesterone vs placebo, and
cerclage vs expectant management in patients with a singleton gestation, history of preterm
birth, and midtrimester cervical length <25 mm was recently performed.109 The conclusion
was that the efficacy of both interventions (cervical cerclage or vaginal progesterone) is
similar in the prevention of preterm birth or adverse perinatal outcomes, and patients can
thus be treated with either intervention (Table 1). Consideration of patient/physician
preference and costs should be taken into account. For example, vaginal progesterone
administration requires patient compliance. Placement of a cervical cerclage requires
anesthesia and surgery, and has been associated with complications (e.g. bleeding, rupture of
membranes).2

Universal cervical screening, vaginal progesterone, and cost effectiveness

Cervical sonography is a powerful tool in performing risk assessment for spontaneous
preterm birth. It is simple to perform, safe, acceptable, reproducible, informative,
inexpensive (when performed at the time of the second trimester fetal anatomy survey), and
can provide an estimate of risk in primigravid women. Because of the current availability of
a treatment strategy for women with a short cervix (vaginal progesterone), the question
arises whether we should actively search for this population of women, or if we should
restrict offering vaginal progesterone to those women whose short cervix has been detected
incidentally?119 As described in recent editorials,129121 universal cervical length screening
fulfills all of the general principles outlined by the World Health Organization for a good
screening tool.114 It screens for an important adverse outcome (preterm birth), uses an
acceptable and suitable screening test (transvaginal sonography), and there is an effective
treatment (vaginal progesterone) available to those identified by screening.114.119

Therefore, we (and others) believe that measuring cervical length should be part of the
standard sonographic examination in the midtrimester of pregnancy.114.120-123 For
screening to be effective, however, sonographic examinations should be performed using the
proper transvaginal technique to yield accurate results, and continuing quality control and
monitoring should be implemented (Fig. 8).114.124 Transabdominal cervical length screening
cannot be recommended for various reasons.125:126 performing cervical sonography outside
of the studied gestational age (18-24 weeks) and applying treatment to women outside
studied cervical length ranges may potentially result in adverse unintended consequences.114

Adoption of universal cervical length assessment is currently being considered as a preterm
birth prevention strategy.12’ Guidelines from the Society for Maternal-Fetal Medicine state
that although universal cervical length screening remains controversial, ‘implementation of
such a screening strategy should be viewed as reasonable, and can be considered by
individual practitioners; third-party payers should not deny reimbursements for this
screening’.114 An evidence-based algorithm for prediction and prevention of preterm birth
based on transvaginal ultrasound cervical screening and selected interventions can be
offered.114

Routine assessment of the risk for preterm birth using cervical ultrasound, along with
vaginal progesterone for those with a short cervix, has been shown to be cost-effective and
cost-saving.128.129 A recent economic analysis evaluated different strategies to reduce the
rate of preterm delivery, including: (i) identifying patients at risk according to previous
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history; (ii) sonographic examination of the cervix; and (iii) treatment modalities, including
cervical cerclage, 17a-hydroxyprogesterone caproate, and vaginal progesterone.128 The
authors concluded that universal assessment of cervical length by transvaginal sonography,
followed by vaginal progesterone administration, was the most cost-effective approach.128
Universal cervical ultrasound screening in singletons is predicted to result in a reduction of
approximately 100 000 preterm births (<37 weeks) annually in the USA,128 or about 20% of
all preterm births. Similarly, universal cervical screening and vaginal progesterone
administration to those with a short cervix would lead to a cost saving of $19 million per
100 000 pregnant women, or $500-750 million per year in the USA alone.25129 Recently,
the cost-effectiveness of vaginal progesterone treatment for the prevention of preterm birth
over a wide range of short cervical length measurements was determined.130 Vaginal
progesterone was found to be an effective and inexpensive intervention, with the greatest
reduction in preterm birth observed in the 10-14 mm cervical length group.

Conclusion

Patients with a short cervix (10-20 mm) should be offered vaginal progesterone to prevent
preterm birth and to lead to an improvement in neonatal outcomes. Universal cervical
screening by transvaginal ultrasound in the midtrimester followed by the use of vaginal
progesterone appears to be cost-effective, and allows the prevention of preterm delivery in
nulliparous women.128:129 However, progesterone treatment is only one of the solutions for
the prevention of preterm birth. Interventions can only be expected to be successful if they
interrupt the specific pathway leading to preterm delivery.2® Future clinical trials of
preventive methods should be intelligently designed by keeping this concept in mind.
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Practice points

Preterm labor is a syndrome caused by multiple etiologies, one of which appears
to be a suspension of progesterone action, which manifests as a sonographic
short cervix.

A sonographic short cervix is the single most powerful predictor for
spontaneous preterm birth and is more informative than a history of preterm
birth.

In women with singleton gestations and a sonographic short cervix (<25 mm) in
the midtrimester, vaginal progesterone can reduce the rate of spontaneous
preterm birth by 45%, and also reduce the rate of neonatal morbidity.

An individual patient meta-analysis indicates that vaginal progesterone is
effective in reducing the rate of spontaneous preterm deliveries in women with a
midtrimester short cervix with or without a previous history of preterm birth.

Vaginal progesterone does not reduce the rate of preterm delivery in unselected
twin gestations. However, an individual patient meta-analysis indicated that in
patients with twin gestations and a sonographic cervix <25 mm, vaginal
progesterone is associated with a significant reduction in composite neonatal
morbidity and mortality and a 30% non-significant trend towards reduction in
the rate of preterm birth <33 weeks of gestation. The latter probably reflects the
small number of patients available for inclusion in the meta-analysis.

Patients with a history of preterm birth and a cervical length of <25 mm can be
treated with either vaginal progesterone or cervical cerclage. This is based on
the results of an individual patient meta-analysis.

Universal assessment of cervical length by transvaginal ultrasound in the
midtrimester followed by the use of vaginal progesterone to women with a short
cervix is a cost-effective means to prevent spontaneous preterm delivery.
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Figure 1.
Uterine components of the common pathway of parturition. Reproduced with permission
from Romero et al .24
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Figure2.

Normal spontaneous labor at term results from physiologic activation of the common
pathway of parturition. By contrast, preterm labor begins because of a pathologic insult,
resulting in the initiation of labor. Reproduced with permission from Romero et al.2>
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Figure 3.
Clinical manifestations of preterm activation of the common pathway of parturition. PROM,
prelabor rupture of membranes. Reproduced with permission from Romero et al.24
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Figure 4.

Pathological processes implicated in the preterm parturition syndrome. Reproduced with
permission from Romero et al.32
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Figureb5.

In women with a short cervix, those receiving vaginal progesterone (vs placebo) had a
significant decrease in the rate of preterm delivery <28, <33, and <35 weeks of gestation.
Reproduced with permission from Hassan et al.”®
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31%

<34 <35

Patients with a short cervix allocated to receive vaginal progesterone (vs placebo) had a
significantly lower risk in the rate of preterm birth <28, <33, and <35 weeks of gestation.

Reproduced with permission from Romero et al.”8
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Figure7.

Infants whose mothers (with a short cervix) received vaginal progesterone (vs placebo) had
a significantly lower risk of respiratory distress syndrome, composite neonatal morbidity
and mortality, birthweight <1500 g, admission to neonatal intensive care unit, and
requirement for mechanical ventilation. Reproduced with permission from Romero et al.”8
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Figure8.

Transvaginal ultrasound of the uterine cervix with a normal length. This is the ‘gold
standard’ for the performance of cervical examinations during pregnancy. Note that the
visualization of cervical anatomy is optimal.
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Table 1

Results of an indirect patient meta-analysis of randomized clinical trials comparing vaginal progesterone vs
placebo and cerclage vs expectant management in women with singleton gestations, history of preterm birth,
and midtrimester cervical length <25 mm

Outcome Vaginal progester one vs cerclage

RR (95% CI) P-valued

Preterm birth

<32 weeks 0.70 (0.33-1.50)  0.88
<28 weeks 0.71(0.27-1.88)  0.88
<35 weeks 0.88 (051-1.52)  0.96
<37 weeks 119(0.82-174)  0.94

Perinatal mortality ~ 1.05 (0.30-3.64) 0.98

RR, relative risk; Cl, confidence interval.

a e
For the test of association.

Source: modified with permission from Conde-Agudelo et al.100

1duasnuey Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Semin Fetal Neonatal Med. Author manuscript; available in PMC 2015 February 01.



