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1. Outline the burden of preterm birth.

2. Chronicle the use of progestogens in preterm birth prevention.

3. Review local experiences with progestogens relative to national 
practices.

Covering 50+ years in 45 min!

Objectives 
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Burden of preterm birth
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Current Rates of Preterm Birth: Global
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Ohuma EO, et al. Lancet. 2023
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Ohuma EO, et al. Lancet. 2023



Current Rates of Preterm Birth
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Osterman MJK, Hamilton BE, Martin 
JA, Driscoll AK, Valenzuela CP. Births: 
Final data for 2022. National Vital 
Statistics Reports; vol 73, no 2. 
Hyattsville, MD: National Center
for Health Statistics. 2024



United States: Infant Mortality, 2021
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In 2021, 65% of infant deaths 
occurred among infants born 
preterm (less than 37 weeks 
of gestation).

Ely DM, Driscoll AK. Infant mortality in the 
United States, 2021: Data from the period 
linked birth/infant death file. National Vital 
Statistics Reports; vol 72 no 11. Hyattsville, 
MD: National Center for Health Statistics. 2023



United States: Infant Mortality, 2021

10

Ely DM, Driscoll AK. Infant mortality in the 
United States, 2021: Data from the period 
linked birth/infant death file. National Vital 
Statistics Reports; vol 72 no 11. Hyattsville, 
MD: National Center for Health Statistics. 2023

Infant morality rate at less than 
28 weeks was 170 times higher 
than that at 37-41 weeks!



Current Rates of Preterm Birth: United States
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Martin JA, Osterman MJK. Shifts in the 
distribution of births by gestational 
age: United States, 2014–2022. 
National Vital Statistics Reports; vol 73 
no 1. Hyattsville, MD: National Center 
for Health Statistics. 2024



Singleton preterm birth rates: United States, 2014–2020
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Martin JA, Osterman MJK. Exploring 
the decline in the singleton preterm 
birth rate in the United States, 2019–
2022. NCHS Data Brief, no 430. 
Hyattsville, MD: National
Center for Health Statistics. 2022.



Current Rates of Preterm Birth: United States
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Current Rates of Preterm Birth: Caution with unit of measure
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Martin JA, Osterman MJK, Kirmeyer 
SE, Gregory ECW. Measuring 
gestational age in vital statistics data: 
Transitioning to the obstetric 
estimate. National vital statistics 
reports; vol 64 no 5. Hyattsville, MD: 
National Center for Health Statistics. 
2015
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Martin JA, Osterman MJK, Kirmeyer 
SE, Gregory ECW. Measuring 
gestational age in vital statistics data: 
Transitioning to the obstetric 
estimate. National vital statistics 
reports; vol 64 no 5. Hyattsville, MD: 
National Center for Health Statistics. 
2015



Current Rates of Preterm Birth: Caution with unit of measure
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Martin JA, Osterman MJK, Kirmeyer SE, Gregory ECW. Measuring gestational age in 
vital statistics data: Transitioning to the obstetric estimate. National vital statistics 
reports; vol 64 no 5. Hyattsville, MD: National Center for Health Statistics. 2015

Hamilton BE, Martin JA, Osterman MJK. Births: Provisional 
data for 2019. Vital Statistics Rapid Release; no 8. Hyattsville, 
MD: National Center for Health Statistics. May 2020. 



Healthcare costs from preterm birth, 2005
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Institute of Medicine. 2007

“…the annual societal 
economic burden 
associated with preterm 
birth in the United States 
was at least $26.2 billion 
in 2005, or $51,600 per 
infant born preterm.”



Healthcare costs from preterm birth, 2019
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Waitzman NJ, et al. March of Dimes. 2019



Healthcare costs from preterm birth
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Waitzman NJ, et al. March of Dimes. 2019

• Had price changes been the sole source of change since the societal cost estimates 
in the IOM report, the total national cost of preterm birth would be $32 billion, 
$6.8 billion higher than the $25.2 billion reported, an increase of $5.8 billion, or 
22%, over the earlier estimate. 

• Other factors affecting costs changed in a way to generate a net decrease in total 
cost of $1 billion relative to the previous estimate of $26.2 billion in 2005 dollars. 

• The major one was the change in 2014 in the official method for assessing GA 
from the last normal menses (LMP) to the obstetric estimate (OE). This resulted in 
a significant reduction in the rate of preterm birth. 



Later-life morbidity 
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Eichenwald EC, Stark AR. N Engl J Med. 2008



Current Rates of Preterm Birth: United States
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Martin JA, Osterman MJK. Shifts in the 
distribution of births by gestational 
age: United States, 2014–2022. 
National Vital Statistics Reports; vol 73 
no 1. Hyattsville, MD: National Center 
for Health Statistics. 2024



Burden of preterm birth

1. Substantial issue worldwide with rates essentially unchanged for 
the past decade.

2. Late preterm birth represents the majority of events, but morbidity 
and mortality significantly increase for early preterm births.

3. Methodology for aggregate calculations are complex (beware with 
comparisons from prior years).

4. Significant health disparity for pregnant individuals.
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Use of progestogens in 
preterm birth prevention
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Risk factors for preterm birth

24

• Vaginal Bleeding
• Lifestyle factors
• Work During Pregnancy 
• Genetics 
• Periodontal Disease 
• Birth Defects 
• Intervals Between 

Pregnancy
• Prior Preterm Birth
• Cervical factors

• History of cervical surgery
• Placental factors (previa, 

abruption)
• Multiple Gestations
• Fetal factors (anomalies, 

growth restriction)
• Uterine Anomaly
• Polyhydramnios
• Inadequate prenatal care
• Infection

Williams Obstetrics. 26th 
ed.

Complex poorly understood mechanism for 
spontaneous preterm birth
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Prior Preterm Birth
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Bloom et al. Obstet Gynecol. 2001

1st birth < 34 weeks 16% risk next birth 
< 34 weeks 

1st and 2nd births < 34 weeks 41% risk 
next birth < 34 weeks 

1st , 2nd , and 3rd births < 34 weeks 67% 
risk next birth < 34 weeks 



Prior Preterm Birth
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Bloom et al. Obstet Gynecol. 2001



Role of progesterone in pregnancy
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• Early in pregnancy: support of the pregnancy

• Later in pregnancy: ???

• Progesterone levels in most mammals fall rapidly before 
the onset of labor—that is, “progesterone withdrawal” 

• Human parturition, not so simple…



Csapo “See Saw Theory”
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Csapo. Ciba Found Symp. 1977



“Functional” progesterone withdrawal
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Ziyan et al. Acta Obstetric Gyn. 2010Williams Obstetrics. 26th ed.



Progestogen use in recurrent spontaneous preterm birth prevention
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Johnson et al NEJM. 1975

• Randomized, double blind study
• 43 high risk patients
• Dose: 250 mg IM weekly until 37 weeks 

or delivery

• Results: 8.5% of patients treated with 
17-OHPC delivered prematurely, 41% of 
those in the placebo group did the 
same; mean duration of pregnancy, 
mean birth weight were greater in 
treatment group

• Conclusion: “possible obstetric use for 
this drug”



Progestogen use in recurrent spontaneous preterm birth prevention

32

Hauth et al. AJOG. 1983

Conclusion: 
weekly injections of 17-alpha 
hydroxyprogesterone caproate “did not 
alter risk” of adverse pregnancy 
outcome including preterm birth



Progestogen use in recurrent spontaneous preterm birth prevention

33

By letter dated September 13, 1999, BMS requested 
withdrawal of NDA 10–347 for DELALUTIN 
(hydroxyprogesterone caproate) injection and stated that 
the drug product had not been marketed for several years. 

In the Federal Register of September 13, 2000 (65 FR 55264), 
FDA announced that it was withdrawing approval of NDA 
10–347 and NDA 16–911, effective September 30, 2000.



Progestogen use in recurrent spontaneous preterm birth prevention
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Keirse MJN. BJOG. 1990



Maternal-Fetal Medicine Units Network, 2003
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Meis et al NEJM. 2003
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Meis et al NEJM. 2003

Maternal-Fetal Medicine Units Network, 2003
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Meis et al NEJM. 2003

Maternal-Fetal Medicine Units Network, 2003
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Meis et al NEJM. 2003

Maternal-Fetal Medicine Units Network, 2003
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Maternal-Fetal Medicine Units Network, 2003

Brancazio  et al. NEJM. 2003 Romero, Stanczyk. AJOG. 2013



Role of progestogen in pregnancy, 2008
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ACOG Com Opinion. 2008



Role of progestogen in pregnancy in TWINS?
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Role of progestogen in pregnancy in TWINS? NO 
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Rouse et al. NEJM. 2007



Role of progestogen in pregnancy in TRIPLETS?
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Role of progestogen in pregnancy in TRIPLETS? NO 

44

Caritis et al. Obstet Gynecol. 2009



Role of progestogen in pregnancy AFTER RUPTURE OF MEMBRANES?
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Role of progestogen in pregnancy AFTER RUPTURE OF MEMBRANES? NO
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Briery CM et al. AJOG. 2011



Role of progestogen in pregnancy WITHOUT PRIOR PRETERM BIRTH?
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Role of progestogen in pregnancy WITHOUT PRIOR PRETERM BIRTH? NO 
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Grobman et al. AJOG. 2012



Role of progestogen in pregnancy AFTER TOCOLYSIS?
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Role of progestogen in pregnancy AFTER TOCOLYSIS? NO 

50

Rozenberg P et al. AJOG. 2012



Role of progestogen in pregnancy, 2012
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SMFM Publications Committee. AJOG. 2012 



US FDA Approval Pathway
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From Congressional Research Service Report, 2018



Accelerated Approval Pathway
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From FDA’S Accelerated Approval Pathway: A rare disease perspective, 2021



Role of progestogen in pregnancy, 2012
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ACOG Practice Bulletin No 130. 2012



Role of progestogen in pregnancy

55

Original retail price: $1500 per 250 mg 
injectable dose. 

    ($30,000+ per pregnancy)



Role of progestogen in pregnancy
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Original retail price: $1500 per 250 mg 
injectable dose. 

    ($30,000+ per pregnancy)

In Dallas, a 250 mg injectable dose of 
compounded 17 alpha hydroxyprogesterone 
caproate currently costs approximately $18 in 
2011             

    ($360 per pregnancy)



Role of progestogen in pregnancy
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Cohen et al. Obstet Gynecol. 2011 Silver, Cunningham. Obstet Gynecol. 2012



Local experiences with 
progestogens
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At Parkland Health in 2012…
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• Weekly 17 alpha hydroxyprogesterone caproate beginning at 16 – 
206/7 weeks for women with prior spontaneous preterm birth

• 250 mg weekly injection 

• Given until 36 completed weeks (i.e. 370/7)

• Compounded therapy versus Commercial product???



At Parkland Health
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At Parkland Health
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At Parkland Health
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At Parkland Health
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64

Rozenberg P et al. AJOG. 2012



65

“Despite widespread clinical use, there are no 
reports that have described pharmacokinetics 
of 17-OHPC in singleton gestation, the plasma 
concentrations that are achieved during 
therapy for preterm birth prevention, and 
whether the medication is detectible in fetal 
blood”
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“Despite widespread clinical use, there are no 
reports that have described pharmacokinetics 
of 17-OHPC in singleton gestation, the plasma 
concentrations that are achieved during 
therapy for preterm birth prevention, and 
whether the medication is detectible in fetal 
blood”

-Caritis et al.2012 
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Caritis SN et al. AJOG. 2012

Pharmacology considerations



68

Caritis SN et al. AJOG. 2012 Northen AT et al. Obstet Gynecol. 2007

Pharmacology and other effects…
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SMFM Publications Committee. AJOG. 2017 

In 2017…



At Parkland Health
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Nelson et al. AJOG. June 2017 

Nelson DB, McIntire DD, Leveno KJ. Reply. Am J Obstet Gynecol 
2018;219:218-220.



Recognizing the importance of history
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McManemy J et al. AJOG. 2007



Recognizing the importance of history
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Bloom et al. Obstet Gynecol. 2001

1st birth < 35 weeks 16% risk next birth < 35 weeks 



At Parkland Health

73

Nelson et al. AJOG. June 2017 



At Parkland Health
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Nelson et al. AJOG. June 2017 



At Parkland Health
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Nelson et al. AJOG. June 2017 
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Downes KL, Raman V, Caritis S, et al. Recurrent spontaneous preterm birth risk is not 
associated with 17-alpha hydroxyprogesterone caproate. Am J Obstet Gynecol 
2018;218:S422–3.



PROLONG Trial
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78

Blackwell SC, Gyamfi-Bannerman C, Biggio JR Jr, et al. 17-OHPC to 
prevent recurrent preterm birth in singleton gestations (PROLONG 
Study): a multicenter, international, randomized double-blinded trial. Am 
J Perinatol October 25, 2019

PROLONG
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Blackwell SC, Gyamfi-Bannerman C, Biggio JR Jr, et al. 17-OHPC to 
prevent recurrent preterm birth in singleton gestations (PROLONG 
Study): a multicenter, international, randomized double-blinded trial. Am 
J Perinatol October 25, 2019

PROLONG



United States Food and Drug Administration, 2019
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United States Food and Drug Administration. Bone, Reproductive, and 
Urologic Drugs Advisory Committee Meeting. FDA Briefing Document. 
NDA 021945. Hydroxyprogesterone Caproate Injection (trade name 
Makena). October 29, 2019. 



United States Food and Drug Administration, 2019
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United States Food and Drug Administration. Bone, Reproductive, and 
Urologic Drugs Advisory Committee Meeting. FDA Briefing Document. 
NDA 021945. Hydroxyprogesterone Caproate Injection (trade name 
Makena). October 29, 2019. 



United States Food and Drug Administration, 2019
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United States Food and Drug Administration. Bone, Reproductive, and 
Urologic Drugs Advisory Committee Meeting. FDA Briefing Document. 
NDA 021945. Hydroxyprogesterone Caproate Injection (trade name 
Makena). October 29, 2019. 



Response to 2019 FDA Advisory Committee
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American College of Obstetricians and 
Gynecologists. Practice Advisory: Clinical 
guidance for integration of the findings 
of the PROLONG study: Progestin’s Role 
in Optimizing Neonatal Gestation. 
October 25, 2019. Accessed on 18 
January 2020 at: 
https://www.acog.org/Clinical-
Guidance-and-Publications/Practice-
Advisories/Clinical-guidance-for-
integration-of-the-findings-of-The-
PROLONG-study-Progestins-Role-in-
Optimizing

Society for Maternal-Fetal Medicine (SMFM) Publications Committee. 
SMFM Statement: Use of 17-alpha hydroxyprogesterone caproate for 
prevention of recurrent preterm birth. Am J Obstet Gynecol. 2020 
Jul;223(1):B16-B18.



Response to 2019 FDA Advisory Committee

84

Sibai B, Saade GR, Das AF. Re-examining the Meis Trial for Evidence of 
False-Positive Results. Obstet Gynecol 2020;136:622-7.

Godlewski BJ, Sobolik LI, King VJ, et al. Accelerated Approval of 17α-Hydroxyprogesterone 
Caproate: A Cautionary Tale. Obstet Gynecol. 2020 May;135(5):1207-13.



FDA post hoc analysis of Trial 003 [PROLONG Trial]

85

United States Food and Drug Administration. Event Materials. FDA 
Presentations for the October 29, 2019 Meeting of the Bone, 
Reproductive, and Urologic Drugs Advisory Committee. Accessed on 23 
Aug 2020: https://www.fda.gov/media/132431/download

Five factors noted to different between the MFMU Network and PROLONG Trials:
(1) black race
(2) history of more than one previous preterm birth
(3) single or without partner
(4) substance use during pregnancy
(5) less or equal 12 years of formal education 



Regulatory withdrawal: A case example
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• Important issue in healthcare
• Initial trial suggested benefit 
• Accelerated approval granted
• Confirmatory trial negative
• US FDA Advisory Committee 

recommends withdrawal



Regulatory withdrawal: A case example
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• Important issue in healthcare
• Initial trial suggested benefit 
• Accelerated approval granted
• Confirmatory trial negative
• US FDA Advisory Committee 

recommends withdrawal

Avastin®
Vitry A, et al. J Pharm Policy Pract. 2015;8:25.
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In 2020…

FDA CDER. 5 Oct 2020
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In 2020…

Rubin R. Confirmatory Trial for Drug to Prevent Preterm 
Birth Finds No Benefit, So Why Is It Still Prescribed? 
JAMA. 2020
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In 2021…

Nelson et al. AJOG 2021
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In 2021…EPPPIC

EPPPIC. Lancet. 27 Mar 2021
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In 2021…ACOG responds to EPPPIC

ACOG Practice Advisory. Mar 2021 
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In 2021…CDER responds to EPPPIC

FDA CDER. 26 Mar 2021
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In 2022…another letter to the editor (#6 letter we had received!)

Nelson et al. AJOG 2022Nelson et al. AJOG 2021

1. CDER dated 14 Oct 2020, 
AMAG Pharmaceuticals 
requested extension to 
public hearing.

2. Covis Group acquire AMAG 
Pharmaceuticals for $13.75 
per share in cash ($498M) 
on a fully diluted basis and 
approximately $647M on 
enterprise basis

3. Since Oct 2020, Covis Group 
and CDER volleying 
challenges and rebuttals to 
content, scope, and 
structure of the requested 
public hearing.
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In 2022…October 17-19, 2022

FDA. 2022

1. Do the findings from Trial 003 verify the clinical 
benefit of Makena on neonatal morbidity and 
mortality from complications of preterm birth? 

2. Does the available evidence demonstrate that 
Makena is effective for its approved indication of 
reducing the risk of preterm birth in women with a 
singleton pregnancy who have a history of singleton 
spontaneous preterm birth? 

3. Should FDA allow Makena to 
remain on the market? 
As part of that discussion, you may discuss:  
whether the benefit-risk profile supports retaining 
the product on the market; 
what types of studies could provide confirmatory 
evidence to verify the clinical benefit of Makena on 
neonatal morbidity and mortality from complications 
of preterm birth? 



Timeline of US FDA Accelerated Approval and Withdrawal of 17OHP-C
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Nelson DB et al. Am J Obstet Gynecol. 2023
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In 2023…National Organization Responses

SMFM. 2023

ACOG. 2023



Are we at the end of road? (To summarize…)

 Burden of preterm birth is 
serious.

 Poorly understood 
pathophysiology…and 
mechanisms of action for 
prevention therapies.

 Complex history of progestogens 
to prevent recurrent preterm 
birth in singleton pregnancies.

 Tremendous healthcare costs 
associated with medication use.

98

Fried I, et al. JAMA Intern Med 
2017;177:1689-90.
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Accelerated Approval Challenged

Aaron DG et al JAMA. 27 Dec  
2022



The end is where we start from…

100

Nelson DB et al. Am J Obstet Gynecol. 2023

• Human data on pregnancy and lactation are available in <20% of new 
product labeling following the FDA Pregnancy and Lactation Labeling 
Rule. 

• Caution against the “creep” of interventions in the absence of data. 
• Some may continue to explore 17OHP-C. Understanding the 

pharmacologic properties of medications should be a first step 
rather than an afterthought. 

• As long as we keep treating spontaneous preterm birth as a single 
entity and continue to try to address it with a single intervention, we 
will likely continue to fail—understanding the mechanism of the 
disease we are treating.

• Beginning with the original report on 17OHP-C, and carried forward 
today, obstetrical providers are encouraged to measure what we do 
and report what we find—either positive or negative—to share 
experiences.



Selected categories of NIH Research Funding From Research, Condition 
& Disease Categories
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Rubin K. Why scientists struggle to get funding for women’s health. 2022. 
Spong CY. Addressing inequalities in women’s health research. 

Contemporary OB/GYN Journal. 2020



Concluding remarks from US FDA Advisory Committee, October 19, 2022
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“The compulsion to do something is strong…there needs to be another trial because I want to 
believe that there is a solution for preterm birth…But I think that when we leave something 
on the market that hasn't been shown to be effective, we lose out on other investigations 
that might be pursued. We spend money that could be spent elsewhere for all of the 
many problems in maternal and child health that need our attention. And the last thing I 
would say is that, again, faced with that powerless feeling, is false hope really any hope 
at all? 

 So I hope that in the future, we are able to do a study that shows us who the population is that 
will benefit from this medication, if any, and when we have that evidence, we're able to go to 
that patient population confidently and say this is the thing that I think will help you.” 

–Dr. Anjali Kaimal



Thank you
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