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Abstract

Objective—To estimate which strategy is the most cost-effective for prevention of preterm birth
and associated morbidity.

Study Design—We used decision-analytic and cost-effectiveness analyses to estimate which of 4
strategies was superior based on quality-adjusted life-years (QALYS), cost in US dollars ($), and
number of preterm births prevented.

Results—Universal sonographic screening for cervical length and treatment with vaginal
progesterone was the most cost-effective strategy and dominant over 3 alternatives: cervical length
screening for women at increased risk for preterm birth and treatment with vaginal progesterone;
risk-based treatment with 17 a-hydroxyprogesterone Caproate (17-OHP-C) without screening; no
screening or treatment. Universal screening represented savings of $1,339 ($8,325 vs. $9,664) when
compared to treatment with 17-OHP-C, and led to a reduction of 95,920 preterm births annually in
the US.
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Conclusion—Universal sonographic screening for short cervical length and treatment with vaginal
progesterone appears cost-effective and yields the greatest reduction in preterm birth prior to 34
weeks.

Introduction

Preterm birth is the leading cause of perinatal morbidity and mortality worldwide, and its
prevention is the most important challenge to modern obstetrics®. A myriad of strategies to
identify patients at risk have been investigated, and interventions have been considered?=13,
Recent data have suggested the potential role of progestins in the prevention of preterm birth,
such as those with mid-gestation short cervical length14 15, Fonsecal and colleagues reported
a44% reduction in the rate of preterm birth in women with a short cervix in the group randomly
assigned to receive vaginal progesterone when compared to those without treatment. However,
to identify the group of women at-risk for preterm birth based on a short cervical length, the
investigators sonographically screened a population of over 24,000 women, calling the cost-
effectiveness of this strategy into question. Further, there has been no direct comparison of the
various evidence-based clinical strategies for reduction of preterm birth with regard to reducing
the health burden of preterm birth in the population as a whole.

We sought to evaluate which comprehensive strategy for the reduction of preterm birth
maximizes population pregnancy outcomes based on available published evidence. Using
decision analytic and cost-effectiveness modeling, we planned to compare universal cervical
length screening with intention to treat with vaginal progesterone to alternative strategies for
the reduction of preterm birth and resultant neonatal morbidity and mortality.

Materials and Methods

We designed a decision analytic model in order to compare four strategies for the reduction of
preterm birth in singleton pregnancies based on available published evidence to determine the
optimal strategy and the cost-effectiveness of that strategy. Specifically, the model was
designed to compare: 1) the strategy of universal screening of cervical length with transvaginal
ultrasound at the time of routine anatomic survey and treatment with daily vaginal progesterone
for women with a short cervix; 2) cervical length screening for women at increased risk for
preterm birth (i.e. prior spontaneous preterm birth), and treatment with vaginal progesterone
for women with a cervical length < 15mm:; 3) no cervical length screening; treatment with 17
a-hydroxyprogesterone Caproate (17-OHP-C) based on obstetrical history; and 4) no screening
or treatment. The goal of the model was to weigh the cost of each strategy against the
effectiveness of reducing health care costs associated with significant neonatal morbidity and
mortality resulting from preterm birth before 34 weeks gestation. The four strategies were
compared based on the probability of clinical events, their utilities, or valuation of outcome,
and costs. The effectiveness of each strategy was expressed as QALY (quality-adjusted life
years).

Several definitions and assumptions were utilized: 1) the model was designed for women with
singleton, non-anomalous gestations, undergoing routine standard-of-care anatomy surveys by
ultrasound in the mid second trimester; 2) a short cervix was defined as < 15mm; 3) all cervical
length assessments in the model were measured by transvaginal ultrasound at 18—-23 weeks
gestation, and 4) all 4 strategies included the same measured outcomes: preterm birth before
34 weeks, neonatal death, and severe long-term neonatal morbidity.

In the universal screening arm, women found to have a sonographic cervical length < 15mm
received 200mg of micronized progesterone vaginally from diagnosis until 33 weeks and 6
days gestation. Baseline cost estimates were based on 14 weeks of therapy (20-34 gestational
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weeks). Strategies 2 and 3 identified patients at increased risk based on a history of a prior
preterm birth and either screened at-risk patients with cervical sonography (strategy 2) or
proceeded directly to preventative therapy (strategy 3). In strategy 2, at-risk women identified
by sonographic screening to have a short cervix were given vaginal progesterone in the same
fashion as strategy 1. Strategy 3, which most closely models common current practice, offered
weekly intramuscular injections of 250 mg 17-OHP-C based on a history of a prior spontaneous
preterm birth between 20 weeks and 36 weeks gestation without the use of sonographic
screening. Baseline cost estimates were based on an average of 16 weeks of therapy (20-36
weeks gestation). The fourth strategy served as a baseline reference, employing no screening
or treatment for the reduction in preterm birth.

Base-case point estimates for probabilities and utilities (or values), and their plausible ranges
were derived from a quantitative review of the literature (Table 1 & Table 2). We conducted
a MEDLINE and PubMed literature search using the key words: “preterm birth”, “premature
birth”, “preterm labor™, “short cervix”, “progesterone”, as well as a search for pertinent
references in identified bibliographies. We restricted our search to data from human subjects
published in the English language in the last 14 years, and then excluded any case reports or
series, meta-analyses, or review articles. Studies without control groups were only included
for prevalence estimates of rare events. Probability and utility point estimates were calculated
as the sample size-weighted means of estimates from the included studies, and their ranges
were defined by the extreme low and high values reported in the literature. For estimates
derived from a single source, a range was defined by the 95% confidence interval (CI)
calculated from binomial distribution.

Cost estimates were derived from the literature, and when unavailable, from local sources based
on Medicaid reimbursement rates (Table 2). When local estimates were used, charges were
multiplied by a cost-charge ratio of 0.6 as an approximation to third party reimbursements.
To account for regional variation in costs, estimates were varied widely around the point
estimate. Effectiveness was expressed as quality-adjusted life years (QALYSs), calculated by
the product of utility value and life expectancy (in years). In accordance with standard
assumptions in economic analysis, we discounted annual costs and QALY at a rate of 3% per
yearl’. We assumed life expectancy was 75 years.

Base-case cost-effectiveness analysis was performed, comparing strategies 1-3 to each other
and to a “no screening or treating strategy” (strategy 4). A cost-effectiveness threshold of
$100,000 per QALY was considered cost-effective. Sensitivity analyses were performed to
determine if the optimal strategy identified in the model changed when estimates of probability,
utility, and cost were varied alone or in combination across their plausible ranges. Threshold
analyses were performed to determine at what hypothetical value for influential variables, such
as the effectiveness of vaginal progesterone, the optimal strategy would change. Finally, Monte
Carlo simulation was used as a form of multivariable sensitivity analysis, simultaneously
varying all values across their plausible ranges at random over multiple iterations to estimate
the frequency that the conclusion of the model (the optimal strategy) is concordant with the
base-case analysis. The analytic model was constructed and analyzed using TreeAge Pro 2006
Suite (TreeAge Software, Inc, Williamstown, MA).

Since it is known that a history of a prior preterm birth is the most prevalent historical risk
factor for a subsequent preterm birth, it is clinically relevant to ask if the optimal strategy differs
when women are triaged by this single factor risk-assessment. We constructed two additional
models for subgroup analyses based on presence or absence of a prior preterm birth history.
The first model for women with a prior spontaneous preterm birth compared three strategies
for the prevention of preterm birth: weekly 17-OHP-C (using the same parameters and
assumptions outlined for the main model), sonographic cervical length screening and treatment
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with daily vaginal progesterone for patients with a cervix < 15mm, and no screening or
treatment. The second model for women without a prior history of a preterm birth compared
two strategies: sonographic cervical length screening and treatment with daily vaginal
progesterone for cervix < 15mm, and no screening or treatment. As in the main model,
sensitivity analyses including Monte Carlo simulation were performed to explore the stability
or precision of the model’s result.

This study did not involve human subjects, making it exempt from Institutional Review Board
approval.

The strategy of universal sonographic screening for cervical length and daily treatment with
vaginal progesterone for women with a cervical length < 15mm was the most cost-effective
strategy, and was dominant (lower total costs with better outcomes) over the three alternatives
(Table 3). The base-case analysis also revealed all three strategies employing some form of
screening and/or preventative therapy for preterm birth to be more cost-effective than no
screening or treatment.

We considered a hypothetical cohort of 4 million pregnant patients, estimating the annual birth
rate in the Unites States (Table 4). Universal screening prevented the greatest number of
preterm births before 34 weeks and cases of severe neonatal morbidity when compared to the
other three strategies. Universal screening would prevent more than 95,000 preterm births and,
in turn, more than 13,000 cases of severe morbidity leading to savings of almost 13 billion
dollars annually. When compared to the current preventive strategy of treating with 17-OHP-
C based on obstetric history, universal screening continues to yield better outcomes and greater
economic savings.

One-way and multi-way sensitivity analyses showed the model to be robust; when the
probability, utility, and cost estimates were varied across their ranges, universal screening
remained the preferred strategy. Notably, the direct comparison of the universal screening
strategy and the 17-OHP-C strategy relies directly on the published efficacy from each of the
positive trials for treatment14: 18. When we varied the treatment efficacy in the universal
treatment arm based on the risk reduction in preterm birth and its range published by
Fonsecal4 and colleagues (relative risk [RR] 0.56, 95% confidence interval [CI] 0.36-0.86),
and the treatment efficacy in the 17-OHP-C arm based on the risk reduction for preterm birth
and its range published by Meis et al® (RR 0.67, 95% CI 0.48-0.93), universal screening
remained the preferred strategy.

Monte Carlo simulation was used to simultaneously vary at random all variables across their
plausible ranges. Using 10,000 simulations, the universal screening strategy was the dominant
strategy 98.9% of the time (Figure 1). Given that the model was driven by a few specific cost
estimates, it was important to consider some hypothetical extreme estimates of those values.
For example, while the model was designed with a definition of preterm birth as delivery prior
to 34 weeks, there is a wide range of potential outcomes, and thus costs, which could result
from these births. Thus, we modeled several extreme scenarios, or values, to test the threshold
of our model. Even in a ‘worst case’ scenario, modeling the cost of vaginal progesterone at 10
times the estimate in the model, minimizing the cost and maximizing the utility of neonatal
morbidity, Monte Carlo simulation revealed universal screening and treating with vaginal
progesterone was the dominant strategy 96.9% of the time.

While the strategy of universal screening with the intention to treat with daily vaginal
progesterone was the most cost-effective in the main analyses, we also considered the
possibility that an alternative strategy may be superior when patients were stratified by risk.
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First we modeled two strategies for women who were non-high risk based on having no history
of prior preterm birth, acknowledging this actually represents a heterogeneous group seen
clinically everyday. This non-high-risk group predominantly consists of nulliparous women,
with an unproven history, as well as multiparous women with prior birth(s) at term. Similar to
the main analysis, we found universal screening with transvaginal ultrasound and treatment
with daily vaginal progesterone to be cost-effective, resulting in cost-saving of $9,982/QALY
when compared to no screening or treating, the latter being the approach most commonly used
in clinical practice for such a low-risk population. Sensitivity analyses revealed the model was
robust to all probability, utility, and cost estimates across their plausible ranges.

Next, we modeled three strategies for women at increased risk for preterm birth based on a
history of at least one prior spontaneous preterm birth: universal screening (with treatment of
cervical length < 15mm with vaginal progesterone), treatment with 17-OHP-C (as described
previously), and no screening or treating. In the base-case analysis, treatment with 17P and no
sonographic screening was the preferred strategy. Treating a hypothetical cohort of 280,000
high-risk women with 17P would save 11,760 additional preterm births prior to 34 weeks
compared to sonographic screening and treatment with vaginal progesterone for short cervical
length (Table 5). In one- and two-way sensitivity analyses, the model was sensitive to the
probability of recurrent preterm birth if treated with 17-OHP-C. In other words, when the
estimated reduction in risk of preterm birth achieved by 17-OHP-C fell below 22% (as
compared to 33% reported in the Meis!8 trial), universal cervical length screening became the
preferred strategy for women with a history of a prior spontaneous preterm birth (Figure 2).

It is imperative that efforts are made to optimally integrate and apply the available high-level
evidence to identify the clinical strategy that maximizes and best allocates preterm birth
prevention methods. This model suggests that a strategy of universal cervical length screening
at the time of routine fetal anatomy sonogram to identify women with a cervical length of <
15mm, and subsequent treatment with vaginal progesterone, is the most cost-effective strategy
with the greatest reduction in preterm birth before 34 weeks and resultant neonatal morbidity
and mortality. However, the logistical challenges of the practical application of this strategy
may vary significantly based on regionally available resources. Our secondary analyses
demonstrated that if women are triaged by history of preterm birth, weekly treatment of those
with a positive history with 17-OHP-C results in the greatest reduction in recurrent preterm
births when compared to alternatives but is dependent on the published estimated effect of 17-
OHP-C.

While progestins appear to be a promising treatment for the prevention of preterm birth, only
two randomized, placebo-controlled studies have provided evidence of positive effect. In 2003,
Meis!® and colleagues conducted a multi-center study of women with at least one prior
spontaneous preterm birth and reported a significant risk-reduction of recurrent preterm birth
in the group of women who received weekly intramuscular 17-OHP-C when compared to
placebo. In 2007, Fonsecal* et al reported results from a multi-center trial in which they
sonographically screened a population of over 24,000 to identify women with a cervical length
less than or equal to 15mm, and then randomly assigned women with a short cervix to nightly
vaginal micronized progesterone or placebo. The authors reported a significant reduction in
preterm birth in women who received progesterone as compared to placebo. Other studies using
different formulations of progesteronel?, or enrolling various patient populations at risk for
preterm birth such as multiple gestations2%, have not found a significant reduction in preterm
birth. Thus, based on available evidence, the trials by Meis'8 and Fonsecal4 represent the only
Level | data that suggest that progesterone reduces the risk for preterm birth. Given the
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significant health burden preterm birth represents, it is imperative that clinical management
strategies maximize the application of preventative therapies supported by these data.

A recent Committee Opinion from the American College of Obstetricians and
Gynecologists?! addressed the use of progesterone to reduce the rate of preterm birth. The
Committee did not recommend routine cervical length screening, but noted that women with
an incidentally diagnosed short cervix may be offered progesterone. Based on our model, this
latter recommendation to avoid cervical length screening does not appear to be cost-effective.
Because of the savings associated with avoiding preterm birth, the universal screening
approach which has been recommended by experts in the field?2, may actually be cost saving.

Decision and economic models, such as the one presented here, allow for formal comparison
of clinical strategies based on available data. Decision analytic models are particularly useful
for clinical decision making under conditions of uncertainty when there are multiple, complex
competing risks and benefits. This is an inherent strength of this study. Initially it may seem
that universal sonographic cervical length screening would be cost-prohibitive. However, when
formally weighed against the long-term effects of preterm birth, the use of sonographic
screening for cervical length is the most cost-effective strategy. Our model is the first to
systematically weigh the economic implications of such a policy.

Our study is not without limitations. First, there are assumptions required in the construction
of such models that are worth noting. The primary outcome of preterm birth in the model was
defined as spontaneous birth at or before 34 weeks gestation. This was the primary outcome
used in some but not all of the source trials. For example, this was the primary outcome for
Fonsecal4, but not for Meis!® since their primary outcome was birth prior to 37 weeks. In the
case of the latter study, we modeled the data for the sub-analysis of birth at or before 35 weeks.
We then varied the point estimates widely to account for discrepancies such as this one in the
sensitivity analyses, but the model remained robust.

It is also important to note that there has been no trial that has directly compared or combined
the strategies for progestin use. It remains unknown how much overlap exists between the
groups at-risk for preterm birth that have been studied and if there exists another distinct
population of patients who would benefit from multiple treatments. Our model assumed
patients all received standard-of-care sonography for fetal anomaly survey, and thus the
addition of cervical length measurement represented an adjunct cost and not a full additional
exam and encounter. If routine fetal anomaly screening by sonogram were not routinely
utilized, universal screening would have higher up-front costs. The model defined short cervix
as < 15mm for the purposes of treatment with vaginal progesterone as that is what had been
the definition in the source triall4. We did not consider the possibility that vaginal progesterone
could have an effect on the reduction of preterm birth at other cervical lengths. In addition, we
did not include multiple cervical length assessments in the model, as the application of this
strategy would become onerous. More importantly, while both of these clinical questions are
important and relevant, published data to support them does not exist, making these questions
impossible to assess accurately using decision analysis.

It is also critically important to consider the possible logistical complexities of universal
screening. Our model assumed that all patients undergo a standard-of-care, mid-second
trimester anomaly survey at a facility that has the equipment and trained staff capable of adding
the additional study to the routine exam. Variation in regional practices, facilities, and training
may dictate the need to train additional personnel to acquire and read the images, as well as
the need for appropriate equipment to perform the additional exam. The potential for these
additional costs were not modeled, as they would be impossible to estimate without specific
regional data. But given the results of our model, regional analyses are much needed.
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Finally, there are countless questions remaining regarding preterm birth prevention, such as
the application of proven therapies to additional at-risk groups and alternative therapies for the
prevention of preterm birth. Specifically, many hypothesize that there may be efficacy of
progestins given to women with a cervical length < 25mm. Others hypothesize that cerclage
might reduce the risk of preterm birth in women with a short cervix. Similarly, some propose
the use of combination therapy with progestin and cerclage placement in some at-risk
populations. However, at the current time, there is no evidence for benefit or efficacy of these
treatments in the published literature, precluding us from including them in our model. We
sought to explore the optimal strategy for preterm birth prevention with the data currently
available.

The present study suggests that universal transvaginal sonographic screening for short cervical
length and treatment with vaginal progesterone may be cost-effective in reducing the risk of
preterm birth. But further study that considers regional assets is necessary to evaluate the

practical application of this approach, particularly in regions of limited health care resources.
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Figure 1. Preferred Strategy by Monte Carlo Simulation with 10,000 iterations
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Probability Estimates for Patients with a Singleton Intrauterine Pregnancy being Screened for Risk of Preterm

Table 1
Birth
Variable Point estimate Reference Level of
(range) Evidence'

Pr cvx < 15mm 0.0119 14, 23-26 1, 11-2
(0.0100-0.0168)

Pr PTB if cvx < 15mm 0.2996 14, 24, 26, 27 1,11-2
(0.2619-0.5952)

Pr PTB if cvx > 15mm 0.0156 14, 24 I, 11-2
(0.0152-0.0227)

Pr PTB if cvx < 15mm, 0.1754 14 |

treated with progesterone (0.1106-0.2579)

Sensitivity of cvx < 15mm 0.084 24,27 11-2

for PTB (0.021 - 0.102)

Specificity of cvx < 15mm 0.989 24,27 11-2

for PTB (0.970 - 0.995)

Pr Hx of a prior PTB 0.0730 28,29 11-2, 111
(0.0452-0.1105)

Pr cvx < 15mm with Hx of a 0.1511 14, 26 I, 11-2

prior PTB (0.1502-0.1522)

Pr PTB if cvx < 15mm with 0.2667 14 |

Hx prior PTB, treated with (0.0779-0.5510)

progesterone

Pr PTB if cvx < 15mm with 0.5625 14 |

Hx prior PTB, no treatment (0.2988 — 0.8025)

Pr PTB if cvx >15mm with 0.1960 18 |

Hx prior PTB (0.1364-0.2679)

Pr Hx prior PTB meeting 0.0652 28,29 11-2, 11

criteria for 17-OHP-C (0.0452-0.0805)

Pr PTB if Hx prior PTB, 0.2059 18 |

treated with 17-OHP-C (0.1620-0.2556)

Pr PTB if Hx prior PTB, not 0.3072 18 |

treated with 17-OHP-C (0.2352-0.3868)

Pr PTB with no screening or 0.1230 30 11-3

treatment (0.1227-0.1233)

Pr NN death if birth < 34 0.1420 31,32 11-2

weeks (0.1080-0.2470)

Pr NN death if birth > 34 0.0004 33 1l

weeks (0.0003-0.0005)

Pr NN severe morbidity if 0.1720 31,32 11-2

birth < 34 weeks (0.1390-0.1830)

Pr NN severe morbidity if 0.0059 33 1l

birth > 34 weeks

(0.0055-0.0063)

Pr = probability, U = utility, C = cost, NN = neonatal 17-OHP-C = 17 a-hydroxyprogesterone Caproate Cvx = cervix, PTB = preterm birth, Hx =

history

1 Lo
Local sources based on Medicaid reimbursement

THarris RP, Helfand M, Woolf SH, et al. Current methods of the U.S. Preventative Task Force: A review of the process. Am J Prev Med 2001;20:

(39)
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Utility and Cost Estimates for Patients with a Singleton Intrauterine Pregnancy being Screened and Treated to
Reduce Preterm Birth Risk

Variable Point estimate Reference | | evel of Evidence®
(range)

U NN death 0.01 34 1
(0.001-0.02)

U NN severe 0.55 34,35 11

morbidity (0.50-0.60)

C transvaginal $52 1 n/a

sonogram ($43-74)

C vaginal $283 1 n/a

progesterone ($220-344)

(18-34 weeks)

C 17-OHP-C $365 1 n/a

(18-34 weeks) ($300-440)

C NN severe $995,940 36 11

morbidity ($200,000-1,200,000)

U = utility, C = cost, NN = neonatal, 17-OHP-C = 17 a-hydroxyprogesterone Caproate

1 Lo
Local sources based on Medicaid reimbursement

THarris RP, Helfand M, Woolf SH, et al. Current methods of the U.S. Preventative Task Force: A review of the process. Am J Prev Med 2001;20:

(39)
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Subgroup analysis of high-risk women; number of preterm births prior to 34 weeks prevented per dollar spent
by strategy with an estimated annual cohort of 280,000"

17-OHP-C

Strategy Number of Preterm Total Cost Cost per Preterm
Births (100 Million $) | Birth Prevented’

No screening or 70,280 112.4 Reference

treating (ref)

Sonographic 69,440 111.1 $13,226,000

screening; vag p for

short cervix

Standard of care; 57,680 95.9 $761,400

Estimated number of women annually with a history of at least one prior preterm birth (“high-risk”)

TCompared to no screening or treating
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