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Objectives

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!

UT Southwestern

Medical Center



Burden of preterm birth




Current Rates of Preterm Birth: Global

National, regional, and global estimates of preterm birth
in 2020, with trends from 2010: a systematic analysis

Eric 0huma®, Arn-Beth Moller®, Ellen Brodiey”, Samuel Chakowers, Laoith Hussain-Alldhateed, Alexandna Lewsn, Yemismch 80 kbwamji
guez, Apesha de Costn,

Summary
Background Preterm birth is the leading cause of neonatal mortality and is associated with long-term physical,

n al, and soci mic effects. This study updated national preterm birth rates and trends, plus
novel estimates by gestational age subgroups, to inform progress towards global health goals and targets, and aimed
to update country, regional, and global estimates of preterm birth for 2020 in addition to trends between
2000 and 2020,

Methods We systematically searched population-based, mationally representative data on preterm birth from
Jan 1, 2010, to Dec 31, 2020 and study data (26 March-14 April, 2021) for countries and areas with no nationallevel
data. The analysis incloded 679 data points (865 nationally representative administrative data [582 of 679 data
paints]) from 103 countries and areas (62% of countries and areas having nationally representative administrative
ta [64 of 103 data points]). A Bayesian hierarchical regression was used for estimating country-level preterm rates,
which incoporated countryspecific intercepts, low birthweight as a covariate, nondinear time trends, and bias
adjustments based on a data quality categorisation, and other indicators such as method of ional age
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Findings An estimated 13-4 million [95% credible intenal [Crl) 12-3-15-2 million) newbomn labies were bormn
preterm (<37 weeks) in 2020 (9-9% of all births [95% Crl 9- 1-11- 2]} compared with 13 . 8 million (12 7-15 - 5 million)
in 2010 (9-§% of all births [9. 011 0]) worldwide. The global annual rate of reduction was estimaed at -0 145 from
200 to 2020. In total, 55-6% of total livebirths are in southern Asia (26-8% 36099000 of 134767 0] and
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sub-Saharan Africa (28-7% [38519300 of 134767 000]), yet these two regions a 1 for approximately 65%
(EG92000 of 13376 200§ of all preterm births globally in 2020, OF the 33 countries and areas in the highest data
guality category, none were in southern Asia or sub-Saharan Africa compared with 943 |30 of 32 countries) in high-
income countries and areas. Worldwide from 2010 to 2020, approximately 15% of all preterm births ocourred at less
than 32 weeks of pestation, reguiring more neonatal care (<28 weeks: 4-23%, 95% CI 3-1-5.0, 567500
[#10 200563 200 newbom babies]); 28-32 weeks: 10. 4% [9-5-10-6], 1392500 [1274 B00-1422 600 newbomn babies]).

Interpre tation There has been no measurable change in preterm birth rates over the kst decade at global kevel. Despite
increasing facility birth rates and substantial focus on routine health data systems, there remain many missed
opporiunities to improve preterm birth data. Gaps in national routine data for preterm birth are most marked in
regions of southern Asia and sub-Saharan Africa, which also have the highest estimated burden of preterm births.
Countries need to prioritise programmatic investments to prevent preterm birth and to ensure evidence-based quality
care when preterm birth eccurs. Investments in improving data quality are crecial so that preterm birth data can be
improved and used for action and accountability processes.

Funding The Children’s Investment Fund Foundation and the UNDP, United Mations Popubtion Fund -UNICEF.
WHO-World Bank Special Programme of Research, Development and Research Training in Human Reproduction.

Copyright © 2023 World Health Organization. Published by Elsevier Lid. All rights reserved. This i an Open Access
icle published under the CC BY 3.0 1GO license which permits unrestricted use, distribution, and reproduction in
v medium, provided the eriginal work is propery dted. In any ase of this artide, there should be no suggestion that
WHO endorses any specific organisation, products or services. The use of the WHO logo is not permitted. This notice
should be preserved along with the article’s original URL

and
Previous
ty imterval:

Intraduction growth, intellectual and mental dis
Preterm hirth (<37 weeks of n) is 2 global burden nset of chronic diseases, among o
considered to be one of th factors for neonatal tes showed that W-6% [uncerta
mortality faged under 5 years) and is associated with  9.0-12-0%, 14. B4 million [12-65 million-16-73 million])

shortterm and longterm effects, such as poor health  of all livebirths worldwide were preterm births in 20040

Switrarland [4- 5 Mobar WY,

Eepartment of Dats and
Anabytion (W & Mahanani kel
Divinion of Duta, Anslytics and
Diliwary for Impact

D & Farmuarsdes %), Workd
Fiasith Drganization, Gen,
Smitaaciunc; Dapartmenn of
Matenal, Mewern, Chikd and
Adolewcent Health
(A che Lot M & |
and Departrment of Hutrition
and ood Safety

Ko & Domingeeer ), Wodd
iaach Organization, Canre,
Swatrerars: Drawon of Dats,
Anabytion, Planning and
Moniioring, Unéted Ristior
hildran's Furd, N York, MY,
LISA (% Chdowera M

| oo M, | Rocquoto PHOJ;
loksal Healh, Schoal af Public
Fiaalth and Community
Muchcing, Imbbabeof
Muchcing, Sshigremba
Acacemry, Univruty of
Catharhurg, Gothemburg,
Swadan

L Mursin- Alkchusssh PO
Eepartment of Women and
Childrar's Haakth, Uppula
Uniweraity, Uippasls, Sweden
W Jobarmon FHE)

- N
B 15 to <20%

B 1010 <15%

O 5to <10%

[ =5%

[ Mot UM member state
B Mot applicable

Figure 2: Estimated national preterm birth rates in 2020
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in 2020, with trends from 2010: a systematic analysis
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" Current Rates of Preterm Birth

National Vital
Statistics Reports

Volume 73, Number 2

April 4, 2024

(i

Births: Final Data for 2022

by Michelle J.K. Osterman, M.H.S., Brady E. Hamilton, Ph.D., Joyce A. Martin, M.PH., Anne K. Driscoll, Ph.D.,
and Claudia P. Valenzuela, M.PH.

maternal age, live-bitth order, race and Hispanic origin, marital
status, tobacco use, prenatal care, source of payment for the
delivery, method of delivery, gestational age, birthweight, and
plurality. Selected data by mother's state of residence and birth
rates also are shown. Trands for 2010 to 2022 are presented for
selected items, and by race and Hispanic origin for 2016-2022,

Abstract

Objectives—This report presents 2022 data on U.S. births
by selected characteristics. Trends in fertility patterns and
maternal and infant characteristics are described.

Methods—Descriptive tabulations based on birth certificates
of the 3.67 million births registered in 2022 are shown by

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

Figure 1. Percent distribution of singleton births, by gestational age: United States, 2014-2022
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United States

Total .......... ccioiieinan...

Age at death
Total neonatal. .. ... ..

Early neonatal (under ?‘days}
Late neonatal (7-27 days) . . ..
Postneonatal ... ...............

Sex

Male. .......... ... ... .....
Femmale.......................

Period of gestation (weeks)
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lessthan28.................
28-31. ..
32=33. .,

34-36. ...,
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d20rmMore. . .......covvniun.n.

Notstated ....................
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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
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United States: Infant Mortality, 2021
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Current Rates of Preterm Birth: United States

Table 1. Number and percentage of singleton births, by gestational age and race and Hispanic origin of mother: United States,

2014-2022
Preterm
Race and Hispanic origin Al births' Total Early Late
and year (number)  (less than 37 weeks)f (less than 34 weeks) (34-36 weeks)
All races and origins Pe
2022, . ... 3,547,741 8.67
2021, ... 3,544,292 8.76
2020, . ... 3,495,915 8.42
2019, ... 3,621,616 8.47
2018, ................ 3,662,203 8.24
2017, ... 3,720,586 8.13
2016, ................ 3,806,807 8.02
2015, ...l 3,838,382 7.82
20014, ...l 3,845,046 7.74

11

PRETERM BIRTHS IN US, 2022

Late preterm
(34-36 weeks)
75%

Early
preterm
(<34 weeks)
25%

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
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Singleton preterm birth rates: United States, 2014—-2020

10 ~
Preterm!’
8 = fp
Late preterm
— E [
:
o
-
Early preterm’
E L — e
0 1 1 ] 1 1 ] 1
2014 2015 2016 2017 2018 2019 2020

1Significant decline betwesn 2019 and 3020 (g < 0.05)

MOTES: Generally increasing significant trend from 2014 1o 2018 (p < 005} Prelerm is births ai less than 37 complebed
weeks of gestafion, s preterm is births: al 3d=-36 weslos, and sarly preterm is births al less than 34 wesks &ocess
dala {able for Figure 1 al- hitps: e cdic govwnchs!data'data briefs'dbd 50 lable s pdf#d
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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.
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| Current Rates of Preterm Birth: United States

Figure 1. Percent distribution of singleton births, by gestational age: United States, 2014-2022
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Current Rates of Preterm Birth: Caution with unit of measure

National Vital pee
Statistics Reports LT

Measuring Gestational Age in Vital Statistics
Data: Transitioning to the Obstetric Estimate

Joyce A. Martin, M.PH.; Michelle J K. Osterman, M.H.5.; Sharon E. Kimmeyer, Ph.D.;
and Elizabeth C.W. Gregory, M.PH.. Division of Vital Stafistics

40 -

5 -

30 -

% -

Completed weeks of gestation

NOTES: OF & ha olsiet Ssmmats of thi Aawbiorm: tha LMP & ha dats of s mathisr's (552 noamal mansas.
SOURCE: COCMCHE. National Vital Sxlisies Systom.

Figure 1. OE- and LMP-based measures of gestational age for selected weeks: United States, 2013

14

Gestational age

Beginning with the 2014 data year, NCHS transitioned to a

new standard for estimating the gestational age of the newborn.

The new measure-the obstetric estimate of gestation at delivery

(OE)-replaces the measure based on the date of the last normal

menses (LMP) (20). National data based on the OE are available

only from data year 2007 forward. Gestational age estimates

differ somewhat between the OE- and LMP-based measures.

Accordingly, gestational age data in this report are based on the

OE. Information and discussion of the reasons for the change,

and a detailed comparison of the two measures, are presented

glsewhere (20).
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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Current Rates of Preterm Birth: Caution with unit of measure

National Vital
Statistics Reports
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Volume 64, Number 5 June 1, 2015
Measuring Gestational Age in Vital Statistics
Data: Transitioning to the Obstetric Estimate
Joyce A. Martin, M.PH.; Michelle J K. Osterman, M.H.S_; Sharon E. Kirmeyer, Ph.D.;
and Elizabeth CW. Gregory, M.PH., Division of Vital Stafistics
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Figure 1. OE- and LMP-based of ional age for selected weeks: United States, 2013

Figure 2. Preterm births, by OE- and LMP-based measures of gestational age: United States, 2007-2013

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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" Current Rates of Preterm Birth: Caution with unit of measure
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Late
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Early
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Martin JA, Osterman MJK, Kirmeyer SE, Gregory ECW. Measuring gestational age in Hamilton BE, Martin JA, Osterman MJK. Births: Provisional
vital statistics data: Transitioning to the obstetric estimate. National vital statistics data for 2019. Vital Statistics Rapid Release; no 8. Hyattsville,
reports; vol 64 no 5. Hyattsville, MD: National Center for Health Statistics. 2015 MD: National Center for Health Statistics. May 2020.
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Healthcare costs from preterm birth, 2005

Preterm Bith: Causes. Consequences, and Prevention

“...the annual societal
PRETERM BIRTH ,
economic burden
associated with preterm
birth in the United States
was at least 526.2 billion
in 2005, or 551,600 per
infant born preterm.”

Institute of Medicine. 2007
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Healthcare costs from preterm birth, 2019

Table 2. National Total and Per Capita Cost of Preterm Birth by Category of Cost, 2016

Category of Cost Total (S) Per Preterm Birth (5)

Medical Care for Affected Child 17,126,625,946 44,116
Maternal Delivery Costs 1,950,230,570 5,024
Early Intervention Services (El) | 702,014,493 1,808
Special Education Services 622,589,060 1,604
Devices 10,820,563 28
Lost Labor Market Productivity 4,750,215,975 12,236

Waitzman NJ, et al. March of Dimes. 2019

18 UTSouthwestern
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Healthcare costs from preterm birth

* 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,
S6.8 billion higher than the $25.2 billion reported, an increase of $5.8 billion, or
22%, over the earlier estimate.

e Other factors affecting costs changed in a way to generate a net decrease in total
cost of S1 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.

Waitzman NJ, et al. March of Dimes. 2019
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Later-life morbidity

Table 1. Major Short- and Long-Term Problems in Very-Low-Birth-Weight Infants.

Affected Organ or System

Pulmonary

Gastrointestinal or
nutritional

Immunologic

Central nervous system

Ophthalmologic
Cardiovascular
Renal
Hematologic

Endocrine

Short-Term Problems

Respiratory distress syndrome, air leak, broncho-

pulmonary dysplasia, apnea of prematurity

Hyperbilirubinemia, feeding intolerance, necro-
tizing enterocolitis, growth failure

Hospital-acquired infection, immune deficiency,
perinatal infection

Intraventricular hemorrhage, periventricular
white-matter injury, hydrocephalus

Retinopathy of prematurity

Hypotension, patent ductus arteriosus, pulmo-
nary hypertension

Water and electrolyte imbalance, acid-base dis-
turbances

latrogenic anemia, need for frequent transfusions,
anemia of prematurity

Hypoglycemia, transiently low thyroxine levels,
cortisol deficiency

Long-Term Problems

Bronchopulmaonary dysplasia, reactive
airway disease, asthma

Failure to thrive, short-bowel syn-
drome, cholestasis

Respiratory syncytial virus infection,
bronchiolitis

Cerebral palsy, hydrocephalus, cerebral
atrophy, neurodevelopmental delay,
hearing loss

Blindness, retinal detachment, myopia,
strabismus

Pulmonary hypertension, hypertension
in adulthood

Hypertension in adulthood

Impaired glucose regulation,
increased insulin resistance

Eichenwald EC, Stark AR. N Engl J Med. 2008
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Current Rates of Preterm Birth: United States

Figure 3. Percent change in gestational age category, by race and Hispanic origin of mother: United States, 2014 and

2022
Hl Preterm Earty term [l Full term Late and post-tarm
15
13
-6
-24
Martin JA, Osterman MJK. Shifts in the
distribution of births by gestational
Biack, non-Hispanic White, non-Hispanic Hizpanic age: United States, 2014-2022.
MOTES: Sigrificant changes for e2ch age groop (p < 005]. Singleton Bifhs only. Prefenm |z less than 37 wesks of gestafon, earky tem i 37-22 wessks, Tull term |5 3540 wesks, and late Natlonal Vltal StatIStICS Reports" VO/ 73
BN S Mo (araar o e Seussticn, iasionad Vst assiion System, natalty data e no 1. HyattSVi//e, MD: National Center
for Health Statistics. 2024
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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.

UT Southwestern
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Use of progestogens in
preterm birth prevention
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Risk factors for preterm birth

Vaginal Bleeding
Lifestyle factors
Work During Pregnancy
Genetics

Periodontal Disease
Birth Defects

Intervals Between
Pregnancy

Prior Preterm Birth
Cervical factors

Complex poorly understood mechanism for

spontaneous preterm birth

Uterine
overdistention

Unknown

Breakdown
of maternal-fetal

Stress tolerance

Decidual

Infection senescence

Vascular
disorders

Cervical
Disease

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
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Risk factors for preterm birth

Complex poorly understood mechanism for
spontaneous preterm birth

Uterine
overdistention Unknown

- Breakdou;n
maternal-fetal
Stress tolerance
Infection s;z‘ggauﬁée
Vascular Cervical
disorders Disease
e  Prior Preterm Birth
Williams Obstetrics. 26th ed.
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Prior Preterm Birth

Recurrence of Preterm Birth in Singleton and Twin

Pregnancies

Steven L. Bloom, sn, Nicole P. Yost, mp, Donald D. McIntire, phn, and Kenneth J. Leveno, Mp

OBIECTIVE: To assess recurrence of preterm birth and its
impact on an obstetric population.

METHODS: Women with consecutive births at our hospital
beginming with their first pregnancy were identified (n =
15,945). The first pregnancy was categorized as delivered
between 24 and 34 weeks' gestation or 35 weeks or beyond,
sngleton or twin, and spontaneous or induced. The risk of
preterm delivery in these same women during subsequent
preg ics was then Iyzed

RESULTS: Compared with women who delivered a single-
ton at or beyond 35 weeks' gestation i their first preg-
nancy, those who delivered a singleton before 35 weeks
were at a significant increased risk for recurrence (odds
ratio [OR] 5.6, 9500 confidence interval [CI] 4.5, 7.0j,
whereas those who delivered twins were not (OR 1.9, 95%
CI0.46, 8.14). The OR for recurrent spontancous preterm
birth presenting with intact membranes was 7.9 (9500 CI
5.6, 11.3) compared with 5.5 (95% CI 3.2, 9.4) with ruptured
membranes. Of those women with a recurrent preterm
birth, 44 delivered within 1 week of the gestational age of
their first delivery and 70% delivered within 2 weeks.
Among 15,863 nulliparous w omen with singleton births at
their first delivery, a history of preterm birth in that preg-
nancy could predict only 10% of the preterm births that
ultimately occurred in the entire obstetric population.
GCONCLUSION: In a population-based study at our hospital,
women who initially delivered preterm and thus were
identified to be at risk for recurrence ultimately accounted
for only 10% of the prematurity problem in the cohort.
(Obstet Gynecol 2001:98:370-85.  © 2001 by the Ameri-
can College of Obstetricians and Gynecologists.)

A history of a prior preterm birth is generally accepeed to
be a sigmficant risk factor for recurrence in a fiure
pregnancy. With the recent advene of wess designed wo
improve the identificadon of women at risk for preterm
delivery, the risk associared with history alone may
become inappropriately minsmized. In a recent mult-

From the Dipartment of Obstetrics and Gymecolagy, Usiversity of Texas South-
western Medhen! Center, Dialas, Toewas,

VOL. 98, NO. 3, SEFTEMEER 2001

& 2001 by The American College of Obstetricians and Gynecologists. Published by Elsevier Sclence Inc. P

ceneer mvestganon, for example, the odds ranos (OR)
for preserm birth less than 35 weeks' gestation associated
with markers of preterm delivery such as detection of
feral fibronecun in cervical secrenons (OR 5.2), ultra-
somic shortening of the cervix (OR 4.1), and colonization
of the genital trace with bacterial vagmosis (OR 1.3) were
all lower than the risk of recurrence based solely upona
history of prior precerm birth (OR 5.8).°

Although a general, nonspecific istory of preserm
birth is accepeed w0 be a risk factor for recurrence, there
is litle information on the recurrence risk for specific
types of prior precerm deliverics.” Morcover, given the
TECEnNt iNCTEAsE iN twin gestatons,” it s unclear if spone:-
neous precerm delivery of ewins modifics a woman 's risk
for a subsequent precerm bireh. Seared differendy, doesa
history of a spontancous preterm twin delivery convey
the same nisk for recurrence as does a history of a
sponeanects preterm singleton delivery? Lastly, what is
the contribunon of women with recurrent preterm deliv-
ery wo the overall problem of prematurity m an obstetric
population?

Since 1988, we have collected mformation on preg
nancy ouwcomes for all women delivering at our insar-
ton. With over 10 years of compurerized da mvolving
nearly 170,000 women, many of whom with more than
one delivery at our hospital, we had the opportunity o
analyze the reproductve histories of a cohore of over
15,000 women beginming with their firse delivery and
mcluding all subscquent consecutnve pregnancics. The
purpose of this analysis was to measure the risk of
recurrent preterm birth based on 1) whether the firse
delivery was a preterm singleton or swin, 2) the labor was
spontancous or induced, 3) the dming of recurrence, and
4) the overall consribution these women made to pre-
term births in the smdy cohore,

MATERIALS AND METHODS

‘Women with consecutsve pregnancies, beginning with
their firse birth, and who were delivered at our hospatal
between January 1, 1988, and December 31, 1999, were
wdennficd using a computerized database. This dawbase

15t birth < 34 weeks—> 16% risk next birth
< 34 weeks

15t and 2"9 births < 34 weeks—> 41% risk
next birth < 34 weeks

1st, 2" "and 3" births < 34 weeks=> 67%
risk next birth < 34 weeks

Bloom et al. Obstet Gynecol. 2001
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Prior Preterm Birth

Recurrence of Preterm Birth in Singleton and Twin

Pregnancies

Steven L. Bloom, sn, Nicole P. Yost, mp, Donald D. McIntire, phn, and Kenneth J. Leveno, Mp
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impact on an obstetric population.

METHODS: Women with consecutive births at our hospital
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15,945). The first pregnancy was categorized as delivered
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whereas those who delivered twins were not (OR 1.9, 95%
CI0.46, 8.14). The OR for recurrent spontancous preterm
birth presenting with intact membranes was 7.9 (9500 CI
5.6, 11.3) compared with 5.5 (95% CI 3.2, 9.4) with ruptured
membranes. Of those women with a recurrent preterm
birth, 44 delivered within 1 week of the gestational age of
their first delivery and 70% delivered within 2 weeks.
Among 15,863 nulliparous w omen with singleton births at
their first delivery, a history of preterm birth in that preg-
nancy could predict only 10% of the preterm births that
ultimately occurred in the entire obstetric population.
GCONCLUSION: In a population-based study at our hospital,
women who initially delivered preterm and thus were
identified to be at risk for recurrence ultimately accounted
for only 10% of the prematurity problem in the cohort.
(Obstet Gynecol 2001:98:370-85. & 2001 by the Ameri-
can College of Obstetricians and Gynecologists.)

A history of a prior preterm birth is generally accepeed to
be a sigmficant risk factor for recurrence in a fiure
pregnancy. With the recent advene of wess designed wo
improve the identificadon of women at risk for preterm
delivery, the risk associared with history alone may
become inappropriately minsmized. In a recent mult-
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ceneer mvestganon, for example, the odds ranos (OR)
for preserm birth less than 35 weeks' gestation associated
with markers of preterm delivery such as detection of
feral fibronecun in cervical secrenons (OR 5.2), ultra-
sonic shortening of the cervix (OR 4.1), and colonizanon
of the genital trace with bacterial vagmosis (OR 1.3) were
all lower than the risk of recurrence based solely upona
history of prior precerm birth (OR 5.8).°

Although a general, nonspecific istory of preserm
birth is accepeed w0 be a risk factor for recurrence, there
is litle information on the recurrence risk for specific
types of prior precerm deliverics.” Morcover, given the
recent increase in twin gestations,” it is unclear if sponea-
neous precerm delivery of ewins modifics a woman's risk
for a subsequent precerm bireh. Seared differendy, doesa
history of a spontancous preterm twin delivery convey
the same nisk for recurrence as does a history of a
sponeanects preterm singleton delivery? Lastly, what is
the contribunon of women with recurrent preterm deliv-
cry o the overall problem of prematurity m an obsteric
population?

Since 1988, we have collected mformation on preg
nancy ouscomes for all women delivering at our insdr-
ton. With over 10 years of compurerized da mvolving
nearly 170,000 women, many of whom with more than
one delivery at our hospital, we had the opportunity o
analyze the reproductve histories of a cohore of over
15,000 women beginming with their firse delivery and
mcluding all subscquent consecutnve pregnancics. The
purpose of this analysis was to measure the risk of
recurrent preterm birth based on 1) whether the firse
delivery was a preterm singleton or twin, 2) the labor was
spontancous or induced, 3) the dming of recurrence, and
4) the overall consribution these women made to pre-
term births in the smdy cohore,

MATERIALS AND METHODS

‘Women with consecutsve pregnancies, beginning with
their firse birth, and who were delivered at our hospatal
between January 1, 1988, and December 31, 1999, were
wdennficd using a computerized database. This dawbase
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Role of progesterone in pregnancy

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...

UT Southwestern
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Csapo “See Saw Theory”

ot

FiG. 1. The four basic positions of the see-saw; reflecting four regulatory conditions of the
pregnant uterus.

Csapo. Ciba Found Symp. 1977
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“Functional” progesterone withdrawal
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MAIN RESEARCH ARTICLE

Regulation of progesterone receptor A and B expression in human
preterm, term, and postterm placental villi

JIANG ZIYAN', REN HUAIBIN', MA XIAOTIAN', SHE GUANGTONG',
CHEN XIAOQING', DONG ZIJIANG', JIANG ZIYUE', DE WE* & SUN LIZHOU'"

* Deparement of Obsterrics and Gynaecology, Nanjing Medical University, Narging, Ching, > Deparmment of Biochemismy,
Nanjing Medical University, Nanging, China, * Department of Obstetrics and Gynaecology, The First Affiliated Hospital
of Nanjing Medical University, Narwging, China, and *Department of Chemistey, Nawjing Xiaozhuang University,
Nanjing, China

Abseract

Obgecrive. The progesterone receptor (PR}AVB ratio in the myometrium & reported to be closely related 1o labor onset. This
might represent a potential targer for therapeuric interventions for postterm and preterm deliveries, though the mechanisms
currenty remain unknown. The aim of this study was o investigate the reguladon mechanism of PR-A and B expression in
human preterm, term, and posterm placental villi. Deign. Experimental study. Sering People's Hospial of langsu Province,
China. Popularion. Singleton women of preterm (PRNIL, not in shar, # = 10), term (TNTL, not in labar, s = 10; TIL, in labor,
n = 10}, and postierm (PONIL, not in labor, n = 10) cesarcan deliveries. Merhods. The PR-APR-B mRNA and protein miios
were analyzed using real-ime reverse transcription-polymerase chain reaction and westem blots in villi from preterm, term,
postierm groups. PONIL and PRNIL villi were incubated with prosmaglandin Fa, (PG) and indomethadn for 72 hours,
respectivey, and the PR-A/PR-BmRNA and protein ratics and p38 signaling pathway were axplored. Resuls. The PR-APR-B
ratio was highest in TIL, followed by PRNIL, PONIL and TNIL. Indomethacin significanty up-regulated PR-B expression,
thereby decreasing the PR-A'PR-B ratio (p < 0.03). Meanwhile, PG reduced the expression of FR-B and increased PR-A,
leading toa significant increase in the PR-A/PR-B ratio (p <0.05). We ako determined that the PR-A/PR-B ratio was mediated
through the aaivadon of p38 mitogen-activared protein kinase. Conchuon. These results demorstrare that the PR-A/PR-B
ratio plays a key role in the mechanisms regulating preterm, term, and posterm deliveries.

Key words: PR-A/PR-B ratio, preterm, pastisrm, indomethacin, prostaglandin Fay

Introduction 1 ions in the of p 3
(PRs). PRs are divided into two main types: a full-
length PR-B and an N-terminal-truncated PR-A (3).
Structurally, the PR-A protein lacks the lest 164
smino acids found at the Noterminal end of the
PR-B protein. PR-A thus differs from PR-B in lacking

Progesterone levels in most mammals fall rapidly
before the onsct of lsbor. This has been called
‘progesterone withdrawal' and is considered to be a
parturition-triggering event (1). Durng humsn par-

turition, however, maternal, fetal and amniotic fluid
progesterone levels remain elevated, with no decline
(2). It has therefore been proposed that humsn par-
turiion involves functionsl progesterone withdrawal

i by decreased | activity due to

the region contzining the third transcription activa-
ton factor 3 (AF3) (4). It is generally sccepted that
PR-A zcts 2 & transcription inhibitor of PR-B, which
i the mun executor responsible for maintsining
pregnancy. Previows studies focusing on the relaton

Cormspondence: Sun Lizhou, Deparment of Obsrerrics mnd Gonaseology, the i Affilised Hospiml of Nanjing Medical Universiny, 300 Guanghon Road,

Nanging 210029, Ching. E-medl: lohen_sun 121 @ho mmadl com

Suppomed by: The project of siv peak mlem of Jangmu Pravince, Grant NODG21615019

(Raceived 11 Oaber 2008; accepid 12 Jamuary 2010)

ISSN (0016349 price/ISSN 1600-0412 anline & 2010 Infwma UK L1d. (Informa Heahtheare, Taylor & Franck AS)

IHOL: 103 1090001634 100362 3701

Ziyan et al. Acta Obstetric Gyn. 2010
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Progestogen use in recurrent spontaneous preterm birth prevention

 Randomized, double blind study

The New England e 43 high risk patients
s o * Dose: 250 mg IM weekly until 37 weeks
Journal of Medicine or delivery

©Copyright, 1975, by the Massachusetts Medical Society

L SIS tmber 1t o Results: 8.5% of patients treated with
EFFICACY OF 17¢-HYDROXYPROGESTERO - I y
DGITRRO e CATROATEIN THE/PREVENTION/OF 17-OHPC delivered prematurely, 41% of
Joun W. (;.JOHNSON, M.D., KarL L. AusTin, M.D., GEORGEANNA S. Jongs, M.D,, those In the placebo grou p d Id the
GeorGE H. Davis, M.D., anp TreEoDORE M. King, M.D., Pu.D. Sa me; m ea n d u ratlon Of p regn a n Cy’

Abstract We conducted a double-blind study to de-  weeks + 6.7 S.D.; 2361 g =+ 1085 S.D.). The perinatal . H H
termine the efficacy of 17a-hydroxyprogesterone cap-  mortality rate in the group given the progestational m ea n bl rth Welght We re greate r | n

roate in preventing premature delivery in 43 high-risk  agent (0 per cent) was significantly less than that ob-

patients. Premature delivery did not occur in 18 pa-  served in the placebo group (27 per cent) (P < 0.05). treatment g rou p

tients receiving the progestational agent, whereas 41  Although there were no complications attributable
per cent of the 22 receiving the placebo had premature  to the progestational drug, the study population
delivery (P < 0.01). The mean duration of pregnancy ~ was too small for assessment of immediate or long-
and the mean birth weight in the former group (38.6  term safety. However, the results indicate a possible

weeks +£1.65.D.,and 28369 +4128S.D. bothsig- bstetri for this drug. (N Engl J Med 293:675-680, 1 . U ' '
nificantly greater (P <0.025?than that in)mzr;ﬂzr(Sssl.gQ ?9?5()9 e e 1SS ° CO n Cl u S I O n . poss,ble ObSte trlc Use for
’ 14
this drug

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

The effect of 17a-hydroxyprogesterone caproate
on pregnancy outcome in an active-duty
military population

Juha C. Hauth, M.D., Colonel, USAF, MC, Larry C. Gilstrap IL1, M.D., Licutenant Colonel, USAF, MC,
Alvin L. Brekken, M.D., and Jane M. Hauth, B.S.
Lackland Air Force Base, Texas

4, prior report suggestad that active-duty pregnant women are at increased risk for low-birth welght infants
and & higher parinatal martality rate. The present double-blind investigation was designad to prospaciively
avaluate that risk and fo test the efficacy of 17o-hydroxyprogesteran caproste to pravent reported
complications. Three groups of active-duty women weee studed, beginning betwaen 16 and 20 weeks'
gestation, They were similar for parily, previous ahariion, race, cigareite smoking, and marital status. OF
these, BO were given 17a-hydroxyprogesterone caproate, 88 recalved placeto, and 78 declinad to
participate in the protocol. There was no significant diffarences in the three groups when comparisons
ware mede for low-birfh weight infents and for perinatisl mortality. However, whén comparison was made
to & millitary dependent population, they had a significantly worse outcome with regerd to both perinatal
martality (p = 0.001) and infants with & birth weight <2,500 gm (p = 0.01). We conciuded that pregnant
rrilitary personnel were at increased risk lor adverse pregnancy outcome, but that this sk was not aftarad
oy Iherapy with 17a-hydroxyprogesiorone caproate. (Am. J, OBSTET. GyMecoL 1467167, 1583,)

Conclusion:

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

Table II. Pregnancy complications in the three groups of active-duty women

17a-Hydroxyprogesterone
caprroate, 81 Placebo, 88 Declined, 78
(%) (%) (%)
Pregnancy-induced hypertension 12.5% 13.6% 3.0%
Small for gestational age 3.8 4.5 2.6
Infant weight <2,500 gm 7.5 9.0 11.5
Major congenital defects 3.8 2.3 2.6

Premature labor
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Hauth et al. AJOG. 1983
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Progestogen use in recurrent spontaneous preterm birth prevention

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.
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Progestogen use in recurrent spontaneous preterm birth prevention

British Jowrnal of Obyieirics ond Gynuecology
February 19940, Vol. 97, pp. 149-154

Progestogen administration in pregnancy may prevent

preterm delivery

MARCI. N. C. KEIRSE

Summary. Two recently published meta-unalyses of controlled trials of a
wide variety of progestational agents, used in pregnancy (Daya 1989;
Goldstein er al. 198%), prompted this third meta-analysis of placebo-
controlled trials involving the prophylactic use of a single agent, 17x-
hydroxyprogesterone caproate. Of seven relevant published reports of
controlled trials, six had involved women considered to be at high risk of
miscarriage or preterm birth. This analysis provides no support for the
view that 17o-hydroxyprogesterone caproate protects against miscar-
riage, but suggests that it does reduce the occurrence of preterm birth.
The latter effect was reflected in a reduced rate of low birthweight
babies, but not in a statistically significant reduction in perinatal mor-
tality and morbidity. The difference between this meta-analysis and the
two earlier meta-analyses illustrates the problems both of selective sub-
grouping and of comprehensive pooling of data from small trials.

A communication by Allen et al. (1935} reported
their agreement to use henceforth only the name
progesterone forthe pregnancy-maintaining hor-
mone extracted from corpora lutea previously
known as luteosteron and progestin. Their com-
munication appeared onthe same page thutintro-
duced ‘prostaglandin’ for the first time (von Euler
1935). It was not to be anticipated , however, that
50 years later there would be wide consensus on
the effects of prostaglandin administration, but
not on the effects of progesierone administration
in pregnancy.

Recently, Daya (1989) and Goldstein e al
(1989) reportedseparate meta-analvses assessing
the effects of progestogen administration in preg-
nancy. but reached contradictory conclusions.
Dayva (1989) concluded that the available evi-

Department of Obstetrics and Cynaecology, Leiden
University, The Netherlands, and University of
Leuven, Belgium

MARC I, N. C, KEIRSE

Correspondence: M. 1, M. C. Keirse, Viouwenklinick,

Leiden University Hospital, Postbus 9600, NL-2300
RC Leiden, The Nethedands

dence supported a heneficial effect on the risk of
early pregnancy failure, whereas Goldstein edal.
(1989} concluded that the data did net support
such aconclusion.

Ome maybe inclined toattribute this difference
in opinion tosemantics: Daya (1989) reported on
‘progesteronc’; whercas Goldstein er al. (1989)
reported on ‘progestational agents’. This is not
s0, however, Only one of the three studies
included by Daya { [989), the trial of Swyer and
Daley (1953), actually used progesterone.
Daya’s conclusions arc thus based on as wide an
areay of agents as those of Goldstein eral. (1989).

Because there are large differences among the
many agents considered to be progestational on
the basis of pharmacological tests, T have con-
ducted a third, more restricted meta-analysis
using data from all placebo-controlled trials
involving prophylactic use of the maost fully stud-
ied progestational agent, L7o-hydroxyprogeste-
rone caproate,

Materials and methods

Flacebo-controlled trials of 17a-hydroxyproges-

Table 2. Effcets of 17a-hydroxyprogesterone caproate administration in pregnancy on various pregnancy

outcomes

Pregnamcy outcome and study

17 a-hydroxy-
progesterone

Miscarriage
Shcarman {1968)
Yemini ef al. (1985)
LeVine (1964)
Johnson et al. (1975)%
Typical odds ratio
Prelabour rupture of membranes
Hartikamnen-Sorri ef af. (1980)
Yemini ef al, (1985)
Typical odds ratio
Preterm labour
Hauth et al. (1983)
Yemini ez al. (1985)
Typical odds ratio

Preterm birth
Papiernik-Berkhaner (1970)+
Hartikainen-Sorni ef al. {1980)%
Yemini ef al. (1985)

LeVine {1964)§
Johnson et af. (1YT5)
Typical odds ratio

Hauth et al. {1983}

Papiernik-Berkhaucr {1970)

Yemini ef al. {1985)

LeVine (1964}

Johnson er al. (1975)
Typical odds ratio

Peripatal death excluding lethal malformation

Hauth et al. {1983)
Papiernik-Berkhauer (1970)
Hartikainen-Sorri er al. (1980}
Yemini ef al. {1985)
LeVine {1964}
JTohnson et al. (1975)

Typical odds ratio

Respiratory distress syndrome
Hartikainen-Sorri et al. (1980)
Yemini ef al. (1985)

Typical odds ratio

Hyperbilirobinaemia
Hartikainen-Sorri et al. {1980}
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ABSTRACT

BACKGROUND
Wormen who have had 2 spontaneous preterm delivery are at greatly increased risk for
pretenm deliveryin subsequent pregnances. Theresults of several small trials have sug-
gested that 17 alpha-hydroxyprogesterone aproate (17P) may reduce the risk of pre-
term delivery.

METHODS
We conducted adouble blind, phcebo trialinvolving pregnant women with
adocumented history ofspontaneous preterm deivery. Women were enrolled at 19 din-
il centers at 16 to 20 weeks of gestation and randomly assigned by acentral dat center,
ina2:1 ratio, t receiveeitherweekly injections of 250 mgof 17 Porweekly injections of
an iner oil placebo; injections were continued unil delivery or o 36 weeks of gestation.
“The primary outcome was preterm delivery before 37 weeks of gesmtion. Analysis was
performed according to the intention-to-treat principle.

REsuLTS
Baseline characteristics of the 310womenin the progesteronegroup andthe153 wom-
enin theplacebogroup were similar. T ith 17Ps reduced therisk of

deliveryat less than 37 weeks of gestation (incidence, 36.3 percent in the progesterone
groupvs. 54.9 percentin the placebo groups relative disk, 0,66 [95 percent confidencein-
terval, 0.54 to0.81]), delivery at less than 35 wedds of gestation (incidence, 206 percent
s, 30.7 percent; relative risk, 0.67 [95 percent confidence interval, 0.48 to 0.93]), and
delivery atless than 32 weeks of gestation (114 pereent vs. 19.6 pereent; relative risk,
0.58 [95 pereent confidence interval, 0.37 to0.91]). Infints ofwomen treated with 179
had signifi y lower rates of i s, i i

and need for supplemental oxygen.

conciusions
Weeklyinjections of 17P resultedin a substantial reduction in the rate of reurrent pre-
term delivery among women whowere at particularly high risk for preterm delivery and
reduced the likelihood of several complications in their infants,
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QOutcome

Delivery before 37 wk of gestation
Spontaneous

Indicated because of
complications

Black women
Nonblack women
Delivery before 35 wk of gestation

Delivery before 32 wk of gestation

Group
(N=306)

Progesterone Placebo

Group
(N=153)

no. (%)

111 (36.3)

90 (29.4)
21 (6.9)

64 (35.4)
47 (37.6)
63 (20.6)
35 (11.4)

84 (54.9)
69 (45.1)
15 (9.8)

47 (52.2)
37 (58.7)
47 (30.7)
30 (19.6)

Relative

Risk

(95% Cl)

0.66 (0.54-0.81)

0.65 (0.51-0.83)

0.70 (0.37-1.32)

0.68 (0.51-0.90

0.64 (0.47-0.87

0.58 (0.37-0.91

(
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ABSTRACT

BACKGROUND
Wormen who have had 2 spontaneous preterm delivery are at greatly increased risk for
pretenm deliveryin subsequent pregnances. Theresults of several small trials have sug-
gested that 17 alpha-hydroxyprogesterone aproate (17P) may reduce the risk of pre-
term delivery.

METHODS
We conducted adouble blind, phicebo-controlled trial invoking pregnant women with
adocumented history ofspontaneous preterm deivery. Women were enrolled at 19 din-
il centers at 16 to 20 weeks of gestation and randomly assigned by acentral dat center,
ina2:1 ratio, t receiveeitherweekly injections of 250 mgof 17 Porweekly injections of
an iner oil placebo; injections were continued unil delivery or o 36 weeks of gestation.
“The primary outcome was preterm delivery before 37 weeks of gesmtion. Analysis was
performed according to the intention-to-treat principle.

REsuLTS
Baseline characteristics of the 310womenin the progesteronegroup andthe153 wom-
enin theplacebogroup were similar. T ith 17Ps reduced therisk of

deliveryat less than 37 weeks of gestation (incidence, 36.3 percent in the progesterone
goupvs. 54.9 percentin the placebo groups relative disk, 0.66 [95 pereent confidencein.
terval, 0.54 to).81]), delivery at less than 35 weeks of gestation (incidence, 20.6 percent
vs.30.7 percent; relative risk, 067 [95 percent confidence interval, 1,48 t 0.93]), and
delivery atless than 32 weeks of gestation (114 pereent vs. 19.6 pereent; relative risk,
.58 [95 pereent oonfidence interval, 0,37 to0.91]). Infints ofwomen treated with 179
had significantly lower rates of i is, i i

and need for supplemental oxygen,

conciusions
Weeklyinjections of 17P resultedin a substantial reduction in the rate of reurrent pre-
term delivery among women whowere at particularly high risk for preterm delivery and
reduced the likelihood of several complications in their infants,
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METHODS
We conducted adouble blind, phcebo trialinvolving pregnant women with
adocumented history ofspontaneous preterm deivery. Women were enrolled at 19 din-
il centers at 16 to 20 weeks of gestation and randomly assigned by acentral dat center,
ina2:1 ratio, t receiveeitherweekly injections of 250 mgof 17 Porweekly injections of
an iner oil placebo; injections were continued unil delivery or o 36 weeks of gestation.
“The primary outcome was preterm delivery before 37 weeks of gesmtion. Analysis was
performed according to the intention-to-treat principle.

REsuLTS
Baseline characteristics of the 310womenin the progesteronegroup andthe153 wom-
enin theplacebogroup were similar. T ith 17Ps reduced therisk of

deliveryat less than 37 weeks of gestation (incidence, 36.3 percent in the progesterone
groupvs. 54.9 percentin the placebo groups relative disk, 0,66 [95 percent confidencein-
terval, 0.54 to0.81]), delivery at less than 35 wedds of gestation (incidence, 206 percent
s, 30.7 percent; relative risk, 0.67 [95 percent confidence interval, 0.48 to 0.93]), and
delivery atless than 32 weeks of gestation (114 pereent vs. 19.6 pereent; relative risk,
0.58 [95 pereent confidence interval, 0.37 to0.91]). Infints ofwomen treated with 179
had signifi y lower rates of i s, i i

and need for supplemental oxygen.

conciusions
Weeklyinjections of 17P resultedin a substantial reduction in the rate of reurrent pre-
term delivery among women whowere at particularly high risk for preterm delivery and
reduced the likelihood of several complications in their infants,
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BACKGROUND
Wormen who have had 2 spontaneous preterm delivery are at greatly increased risk for
pretenm deliveryin subsequent pregnances. Theresults of several small trials have sug-
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term delivery.

METHODS
We conducted adouble blind, phicebo-controlled trial invoking pregnant women with
adocumented history ofspontaneous preterm deivery. Women were enrolled at 19 din-

il centers at 16 to 20 weeks of gestation and randomly assigned by acentral dat center,

ina2:1 ratio, t receiveeitherweekly injections of 250 mgof 17 Porweekly injections of
an iner oil placebo; injections were continued unil delivery or o 36 weeks of gestation.

“The primary outcome was preterm delivery before 37 weeks of gesmtion. Analysis was
performed according to the intention-to-treat principle.

RESULTS
Base-line characteristics of the 310womenin the progesterone group and the 153 wom-
enin the placebo group were similar, T ith 17Ps y reduced therisk of
delivery at less than 37 weeks of gestation (incidence, 36,3 percent in the progesterone
groupvs. 54,9 percentin the placebo group; relative tisk, 0,66 [95 percent confidencein-
terval, 0.54 to0.81]), delivery at less than 35 wedds of gestation (incidence, 206 percent
s, 30.7 percent; relative risk, 0.67 [95 percent confidence interval, 0.48 to 0.93]), and
delivery atless than 32 weeks of gestation (114 percent vs. 19.6 percent; relative risk,
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Table 1. Characteristics of the 463 Women at Randomization.*

Group
Characteristic (N=310)

Duration of gestation at the time of qualifying 30.6:4.6
delivery — wk

86 (27.7)

Duration of gestation at randomization — wk 18.4+1.4
Age —yr 26.0+5.6

Race or ethnic group — no. (%)%
Non-Hispanic black 183 (59.0)
Non-Hispanic white 79 (25.5)
Hispanic 43 (13.9)
Asian 2 (0.6)
Other 3(1.0)

Marital status — no. (%)
Married or living with partner 159 (51.3)
Never married 119 (38.4)
Divorced, widowed, or separated 32 (10.3)

Body-mass index before pregnancyf 26.9+7.9
¥r of education 11.7£2.3
Smoking during pregnancy — no. (%) 70 (22.6)
Alcohol use during pregnancy — no. (%) 27 (8.7)

Substance use during pregnancy — no. (%) 11 (3.5)

Progesterone

Placebo
Group
(N=153)

31.3+4.2

63 (41.2)

18.4+1.4
26.5+5.4

90 (58.8)

34 (22.2)

26 (17.0)
1(07)
2 (13)

71 (46.4)
64 (41.8)
18 (11.8)

26.0:7.0
11.9:2.3
30 (19.6)
10 (6.5)
4 (2.6)

Meis et al NEJM. 2003
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One of the questions raised during the review of the RCT
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Prevention of Recurrent Preterm Delivery
by 17 Alpha-Hydroxyprogesterone Caproate

TO THE EDiTOR: After reading the article by Meis et
al. (June 12 issue), we srongly discourage pract-
tioners from using 17 alpha-hydroxyprogesterone
caproate in the care of women who have had pre-

Although initially enthusiastic about the results,
which showed a risk reduction among the wom-
en who received 17 alpha-hydroxyprogesterone
caproate, we were concerned about the high rateof
recurrent preterm ddivery among the women who
received placebo. The Methods section states that
the placebo was castoroil. Ridnoleicacid, the adive
ingredient in castor oil, is a known uterine stimu-
lant. %3 Castor oil is used w induce laboe # We spec-
ulate that the high rate of preterm delivery in the
placebo group was due o theinjedions of castoroil.
If the study medication was given in castor oil ithe
authors donot say whether itwas), then any benefi-
cial effect may have been negated by the vehicle, If
not, then the rate of preterm delivery among those
receiving 17 alpha-hydroxyprogesterone caproate
was no beter than that in the historical controls.

5. lLams]D, Newman BB, ThamEA, etal. Frequencrofuterine con-
tractions and the risk of spontaneous preterm delivery. NEngl IMed
H02346:250-5.

EAuTHORS REPLY: Wensed castor oil as the plice-
b injection because itwas the vehicle for the 17 al-
a-hydroxyprogesterone caproate malication and
hs been the vehicle used for 17 alpha-hyd roxypro-
sterone capmate since the production of the orig-
al drug (marketed as Delaluting, Thereis along
beord of use of this drug during pregnancy with-
tadverse effects %

We considered the possibility that the placebo
bed in our trial might havean adverse effectand re-
ed this idea for several reasons. The high rate of
eterm delivery among the women in the placebo
oup can be explained by their particularly strong
kK Gctors for preterm ddivery, with a mean dura-
b of gestation at the time of the qualifying deliv-
v of 31.3 weeks and a mean number of previous
eterm deliveries of 1.6.

We believe that practitioners should use caution be-

THIS WEEK'S LETTERS

Progesterone is not the same as 17«-hydroxyprogesterone
caproate: implications for obstetrical practice

Roberto Romero, MDD, D. Med. Sci; Frank Z. Stanczyk, PRD

linicians' ™ and professional organizations™” comment-
ing on the role of progestogens in the prevention of pre-
term birth have used the term progesierane interchangeably
with 17e-hydroxyprogesterone caproate, implying that these
two compounds are the same. Yer, there are chemical, '|m:||uh

ical, and pharmacologic differences between the w
clinical indications also differ. This Editorial will review the
differences between the two compounds and propose that Ji-
nicians and investigators use the abbreviation 17-OHPC
(rather than 17P) to refer to 17a-hydroxyprogesterone
caproate. The abbreviation 17-0HPC was first recomnmended
by Dr Steven Caritia from the University of Pinsburgh and has
been used in the American Journal of Obstetrics and Gynecol-
oy by Dr Caritis and his coauthors.

Progestogens: natural or synthetic

Progestogens can be chassified as natural or synthetic.™ ' Natural
compounds are those with chemical structures similar o those
produced by living arganisms. In contrast, synthetic progestogens
{or progesting) are compounds generated in the laboratory
whase structures have been modified and do not correspond 1o
a maturally occurring steroid. Progesterone is a natural proges-
nxyprogesterone caproate (17-0HPC) is syn-

Progesterone

Progesterone is a natural sex steroid produced by the corpus lu-

teum and subsequently the plmuu l'Iu chemical structure iz
illustrated in the Figure. Csapo etal'™ " demonstrated that pro-

gesterone was key for the support of pregaancy in the first trimes-

ter. The findings of Csapo et al were buttressed by the observation

that progesterone recepior blockade leads to early pregnancy boss

Progestogen and progestins:

what is the difference?

A progestogen |s a compound with progesterone-ike scton instursl
or gynihatic). This has been defined as the ability of 3 chemical
apent to transform a proliferative ino & secretory endometrium to
support pregnancy. The term progesfins refers o synthetic
progestogens and, for the sake of clarity, should not be applied ta
natural progestenona (Examples of progestins iInclude mednmsypm-
gesterone acetate, norsthindrane, and |evonorgestrel, which have
been used &s agents for contraception and hormone replacement).

administration of RU-486 to pregrant women in the thind trimes-
ter pesults in cervical ripening and ofien the onset of labos ™

17a-hydroxyprogesterone caproate

17e-hyd roxyprogestenone caproate (17-0HPC) is a synthetic
progestogen. The human body does not make the caproate maol-
ecule. Another mame for caproate is “hexanoate,” which isan ester

derived from hexanoic (or caproic) acid ™ The formula of 17-
OHPC isdisplayed inthe Figure. Some physicians have stated that
17-0OHPC i found in goats. This seerns 1o be a folktale, because
the identification of this maolecule from natural body Auids, tissues
from goats, or any other living organism could not be confirmed

ina literature search.

171 an abbreviation that hasled to confusion

Theabbreviation 17Phas been uml]n masy { uuludmgonmﬁ]m
authors, BR.) te refer to 17-0HPC.
fortunate because the term 7P does not convey information

*! This has been wi-

about the presence of the caproate molecule. Indeed, 17P
has also been used o refer w 170 |1\dluxlprl:lp,lsluul1z

by Meis et al' was the high rate of preterm delivery in the
placebo group of the trial, which was 54.9%.°” This has been
considered as an unexpectedly high rate of preterm delivery
for patients with a previous preterm delivery. This question
was raised by the medical office of the Food and Drug Ad-
ministration (FDA), based upon the first phase of this trial
in which 17-OHPC was compared to plan,ebu and the rate of
preterm delivery in the placejmimg - % This first
phase of the study was called 150 subjects
were randomized, 104 subjects had delivered, and there
were 65 patients allocated to 17-OHPC and 39 to placebo.
This first phase of the study had to be stopped because of
problems with the manufacturing of 17-OHPC.** The key
question is why in the first phase of the study, the rate of
preterm delivery in the placebo group was 36% and in the
subsequent trial (Meis et al') by the same investigators it was
54.9%. [ams has proposed that the high rate of preterm
delivery in the placebo group can be attributed to the inclu-
sion of a subset of women who were at particularly high risk
for preterm delivery because of a history of early preterm
birth, ethnic origin, or who were highly motivated to take a
weekly injection of 17-OHPC.”” However, if the positive

fore adoptingthis regimen for their patients at risk = 3 = s HEe feeep SR A (170HF), which is a naturally occurring steroid produced . . - .

) 1087 byl?m;].'.:;?&m DeC:\;elymE {eg. RU-486 or mifepristone administration) ™ Moreover, the by the ovary with weak progestational activity. Indeed, a ﬁndmgs of the trial are due to the effect of 17-OHPC in this

» prog popular souwrce states that ° of 17.P or 17-P” may refer to . . ‘e

Army P. Murtha, M.D. 1085 Puberty and Genetic Susceptibility Fmin Pl Fesech Brsnch, NCHONWLAS, Dt 17-Bydromprogesterone. S particular subgroup of patients, the external validity or gen-
R. Phillps Heine, M.D. to Breast Cancer partments of The extent of the confusion issuch that, at national scentific meet- l ; bl . h d h h . . k
Duke University Medical Center ) e T Y e slogy ard Preventive Mecicine, Keck Schoolof  ings, some academicians have represented that 17P is a naturally oc- eralizability to patients who do not have the same risk pro-
Durham, NC 27710 Southern Calioria, Los Angsies, CA (D curring steroid produced by the human placenta. This view has been L 71 ¢ e
brancOZbg@rme. ke echa 1090 Initial Treatment of Hypertension Sty e cxpreed o welste that ae inendec o nforr patient.* This i file would be open to question.”” Specifically, should 17-
1 Meis M, Klebenaff M, Tham E, et zl. Frevention of recumen: o 1 Spporiec, i part. Ty e ot accurate. The source of this misconception appears 1o be te use =~ - = H . =
;m{;::;;;;;?hh#mmmeawk-" Engl | 109 p\amr!all-:xposl'neml-.ll\f ':j:,t’i,urud&:':w rierri, Maticesl nstitufes of Hasith ofthe term 17P. The confusion extends toan agency uhhcx.}xfli:n:in OHPC be used in “::'JI"T'IEH I:Vl[h a hls[gr} Dfpre[erm b‘]r[h but
2 Gao}, Sum N, Warg F, Han . Bt of cotor i ionhe | 1093 Use of Anglography i the VA Health Depriment of Healh and Humen & the review of drugs; this organization has used the tein 170HP who do not fit the “high risk profile” that has been invoked
inisiation of Lihar of pragmant rzt. Zhangmo ¥i Xue Ke Xue Yun € System and Medicare oo et o corict of it when referring i 17-OHPC. ) i . A .
Gl lmuIE N Incine) oo Qualityof Cae inthe VA Health CareSystem sonderioe: et Rurnero, M, D, Med, Sci, Perinaiclogy Oifrences between progesterons nd to justify the high rate of preterm delivery in the control
i e et Chan KeZ2ER | 1094 Repositioning of a Dislocated Intraocular Lens 17a-hydroxyprogesterone caproate group? The only way to resolve this question is to replicate
" (‘;a:ryD. Figueroa R, Guillaume ], Cuom V. Use of castor il in during a Roller-Coaster Ride Progesterone and 17-0HPC have different physiclogic prop-

pregrandies & term, Altm Ther Heslth Mid 2000:6:77-9,

Brancazio et al. NEJM. 2003

erties and pharmacologic profiles. Mareover, there are differ-
eiit indications for their use in obstetrics.
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the findings with another trial (see below).
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Use of Progesterone to Reduce
Preterm Birth

ABSTRACLT: Preterm birth affects 12% of all births in the United Szates. Recent
studies support the hypathesis that progestarcre supplementation reduces pretesm
birth in & select group of women. Despite the apparent benefits of progesterane, the
ideal progestesone fanmulstion is unknown. The &mencan Calieg Dibstetricians and
Gynecologists’ Committee on Dbstetric Practice and the Society for Matermnal Fetal
Medicine balisye that further ssudies ars nesded 1o svaluats the optimal prepeestion,
dosage, route of administration, and ather indications for the use of progesterone for
the prevention of pratanm delvery. Bassd on cumsnt knowledge, it is important 8o affer
progesterone for pregnancy profongation ta onby women with a documented history of 2

previous spontanecus birth at less than 37 weeks of gestation

Preterm birth affects 12% of all births in the
United States. This statistic has led mmitiple
investigators 1o identify those women at
greatest risk (=g, those with prioe preterm
delivery, maltiple gestation, short cervical
length, maternal weight lss than 50 kg,
bleading, and those of Afrian American
race]. Hecent randomizsd trials comparing
progesterone with placcho have beem com-
ducted nsing several groups 2t high risk and
law risk for preterm delivery. The purpose of
this Committes Opinion is o review thesa
results.

A large randomized placebo-contralled
trial imvestigating the use of 170-hydroxy-
progesterone caproate (“17F7) thempy (250
mg adminisiered intrammsoalardy] for the
preventian af preterm birth in 2 selact, high-
risk group of women (with a docamented
history of a previons spontansoas sngleion
preterm birth at less than 37 weeks af ges-
tation) was conducted for the Mational
Institute of Child Helth and Human
Development {KICHLY) Maternal-Fetal Med-
icne Umits MNetwork (1), A totl of 459
women with a history of previons sponta-
necous singleton births at les than 37 wesks
af gestation were enmllad between 16 wesks
and 20 weeks of gestation. {F note, the mean
gestational age of their previous preterm
deliveries was 3.7 weeks, They were ran-

domly asigned o receive weekly intramms-
calar injections of 170-hydroryprogesterane
apeate {n = 306) or placebo (n = 153) from
enmillment 10 37 wesks of gestation ar deliv-
ery. The stady was stopped early when results
showed a significant protection against
recurrent preberm birth for all races of
women who received 170-hpdroxyprages-
terane caproate. This study demonstrated
significant reductions in preterm and early
preterm birth, low birth-weight, as well as
significamt rednctions in infant omplica-
ans (intraventricular hemorrhage, necrotiz-
ing enterocalitis, neonatal intensve care anit
admissions, and the need for sapplemental
caygen therapy) with progeterone themapy
[Table 1) Four-year follow-up found no
adverse health outcomes of sarviving dhil-
dren (2].
In a randomized placeba-comtralled trial
ental vaginal progesterone (100
myg daly] in 141 women a high risk for
preterm birth (miore than 90% of whom had
a previous sponfansous singleton pretsrm
birth] the anthors found that for delvery 2
less than 34 weeks of gestation, the preterm
birth rate was significantly kower among
women raceiving progesterone than among
thase receiving placebo (2.7% versas 18.6%)
(3). The results of this sudy and the NICHD
trid sappart the hypothesis that proges-
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Role of progestogen in pregnancy in TWINS? NO

|| ORIGINAL ARTICLE ||

A Trial of 17 Alpha-Hydroxyprogesterone
Caproate to Prevent Prematurity in Twins

Dwight |. Rouse, M.Ov, Steve M. Caritis, M.D., Alan M. Peaceman, M.D.,
Anthony Sciscione, D.O., Elizabeth A. Thom, Ph.D., Catherine Y. Spong, M.D.,
Mid Varner, M.D., Fergal Malone, M.D., Jay D lams, M.D.,

Erian M. Mercer, M.D\, John Thorp, M.D., Yoram Sorckin, M.D.,
Marshall Carpenter, M.D., Julie Lo, M.D., Susan Ramin, M.D.,
Margaret Harper, M.D., and Garland Anderson, M.D., for the National Institute
of Child Health and Human Development Maternal-Fetal Medicine Units Network

ABSTRACT

BACKGROUND
In singleton gestations, 17 al pha-hydroeyprogesterone caproate (17F) has been shown
to reduce the rate of recurrent preterm birth. This smdy was undertaken to evaluate
whether 17P would reduce the rate of preterm birth i twin gestations.

METHODS
We performed a randomized, double-blind, placebo-conerolled trial in 14 centers.
Healthy women with twin gestarions were assimed to weekly intramuscunlar injec-
thons of 250 mg of 17F or matching pl acebo, starting at 16 to 20 weeks of gestation
and ending at 35weeks, The primary study outcome was delivery or fetal death before
35 weeks of gestation.

RESULTS

Six hundred sixty-one women were randomly assigned to treatment. Baseline de-
mographic data were smilar in the two study groups. Six women were lost to fol-
low-up; data from 655 were analyzed (225 in the 17P group and 330 in the placebo
groupl. Delvery or fetal death before 35 weeks ocourred in 41.5% of pregnancies in
the I7P group and 37.3% of those in the placebo group (rel ative risk, 1.1; 95% con-
fidence interva! [CI], 0.9 to 1.3). The rate of the prespecified composite outcome of
serious adverse fetal or neonatal events was 20.2% in the 17P group and 18.0% in
the placebo group (relative risk, 1.1; 95% C1, 0.9 w 1.5). Side effects of the mjec-
tions were frequent m both groups, comming in 65.5% and 64.4% of subjects, re-
spectively (P=0L69), but were generally mild and !imited o the injection site.

COMCLUSIONS
Treatment with 17 alpha hydroxy progesterone caproate did not reduce the rate
of preterm birth In women with twin gestations. [ClinicalTrials.gov number,
NCTDO099164,)
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Prevention of Preterm Birth in Triplets Using
17 Alpha-Hydroxyprogesterone Caproate

A Randomized Controlled Trial

Steve N. Caritis, mp, Dwight J. Rouse, M, Alan M. Peaceman, mp, Anthony Sciscione, wn,
Valerija Momirova, ms, Catherine Y. Spong, mp, Jay D. Iams, mp, Ronald J. Wapner, mn,
Michael Varner, up, Marshall Carpenter, up, fulie Lo, mn, John Thorp, mp, Brian M. Mercer, mn,
Yoram Sorokin, mp, Margaret Harper, mp, Susan Ramin, mp, and Garland Anderson, mn,

for the Eunice Kennedy Shriver National Institute of Child Health and Human Development
(NICHD), Maternal-Fetal Medicine Units Network (MFMU)*

OBJECTIVE: To assess whether 17 alpha-hydroxyproges-
terone caproate reduces the rate of preterm birth in
women carrying triplets.

METHODS: We performed this randomized, double-
blinded, placebo-controlled trial in 14 centers. Healthy
women with triplets were randomly assigned to weekly

“For the other members of the NICHI) MPM/ coho perticipated in this sudy, see the
Appendic oniine at At Tinks b comd AGAT.

From the Deparimenss of Mstetric and Gymecolygy, University of Flitisdargh,
Bitshur, Penasani the Conter for Womn's Reprodactine Hankth, Unisersity of
Alabama af Bi Alsbama; X , Chi,
Minois; Drevel bnmvg. Philsdeiphis, Penmsylouria: ;
Unizersity Biscintistics Cemier, Washington, DC; h.umm K nm'd\ Shriver Na-
tisnal Fnstitute of Child Heatth and Fumsar Develogenent, Bethesds, Meryland; (hio
State University, Columbus, (lis; Colamabia f'mxmcr New York, New Tork:
Unizersity of Uik, Skt Lake City, Uak; Brouen University, Provicdence, Rhode
Idared; Uiversity of Tover Southeeriem Medical Center, Datlas, Tioves; Unizersity of
North Ceroling, Chapel Hill, North Caroling; Case Wertern University, (levelznd,
Olfin; Wayne Staie Uiniversity, Deinoi, Michipmn; Wake Forest Unizersity, Wireston-
Suews, North Caroling; University of Tevar af Honston, Houston, Tewar and
Unizersity of Teuas Medical Franch, Calveston, Tiuar
Supporiad by granss fram the Famice Kennedy Shrive
Health end Human ent, (HID2T310; HD27869; HDA0512; HD2T915;
HDGd85; HD3208, HIMoSoo, HDI4INE: HIDM0560; HDMo;
HD27917; HD2T8G: HDMos45; HDS3057; HD36801; HD38136).
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data manggemend and satistical anoferis ond Alfison Nevthem, RN, and
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Cenier for Hemlth Statistics, whe sapplied LS. natality and infandt moriality
data.
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intramuscular injections of either 250 mg of 17 alpha-
hydroxyprogesterone caproate or matching placebo,
starting at 1620 weeks and ending at delivery or 35
weeks of gestation. The primary study outcome was
delivery or fetal loss before 35 weeks.

RESULTS: One hundred thirty-four women were as-
signed, 71 to 17 alpha-hydroxyprogesterone caproate
and 63 to placebo; none were lost to follow-up. Baseline
demographic data were similar in the two groups. The
proportion of women experiencing the primary outcome
{a composite of delivery or fetal loss before 35 0/7 weeks)
was similar in the two treatment groups: 83% of preg-
nancies in the 17 alpha-hydroxyprogesterone caproate
group and B4% in the placebo group, relative risk 1.0,
95% confidence interval 0.9-1.1. The lack of benefit of 17
alpha-hydroxyprogesterone caproate was evident re-
gardless of the conception method or whether a gesta-
tional age cutoff for delivery was set at 32 or 28 weeks.
CONCLUSION: Treatment with 17 alpha-hydroxypro-
gesterone caproate did not reduce the rate of preterm
birth in women with triplet gestations.

CLINICAL TRIAL REGISTRATION: ClinicalTrials.gov, www.
clinicaltrials.gov, NCT00099164

{Obstet Gynecol 2009;113:285-92)

LEVEL OF EVIDENCE: |

nfants delivered before term account for the vast

majority of perinatal mortality and morbidity.
Among triplets, 45% deliver before 32 weeks of
gestation, and perinatal mortality is 59 in 1,000 com-
pared with 4 in 1,000 live births among singleton
gostations delivered at term.** Thus, the sociotal
burden of prematurity and its attendant complications
are high among fetuses from multifetal gestation. This

OBSTETRICS & GYNECOLOGY 285
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OBSTETRICS

Women with preterm premature rupture of the membranes
do not benefit from weekly progesterone

Christian M. Briery, MI); Edward W. Veillon, MD; Chad K. Klauser, MD); Rick W. Martin, MDy;
Everett F. Magann, MD); Suneet P. Chauhan, MD; John C. Morrison, MD

OBJECTIVE: We sought to determine if 17-alpha-hydraxyprogestenone
(17P) extends gestation vs placebo in women with preterm premature

nupture of the membranes (FFROM].

STUDY DESIGN: Women with werex presentzfions with PPROM,
20-30 wesks' gestation, were randomized o receive weskly 17F or
placebo in an attempt to prolong the pregnancy. A tofal of 69 patients
{17P, n = 33; placebo, n = 36) were randomnized into this study.

RESULTS: Initial cervical dilatation, gestational 2ge at enrolment, and
interval to delivery were not different between the 2 groups (P = .914,

424, and 146, respectively). Time of randomization to delivery (P =
.250), mode of delivery (relative risk, 1.16; 95% confidence interval,

0.66-2.06), and the neonatal outcome statistics of morbidity (P =

.B200) and mortality (relative risk, 1.28; 95% confidence interval, 0.59—
2.75) were similar befween the 2 groups.

COMGLUSION: In patients with PPROM, 17P did not extend gestation vs
phacebe and cannot be recommended fior treatment in such women.
Key words: pregnancy prolongation, preferm premature rupture of
membranes, progesterone

Cita this article as: Briery CM, Veillon EW, Klauser CK, et al. Women with preterm premature rupture of the membranes do mot benefit from weekdy progestarone.

Am J Dbstet Gynecol 204 1:204:54.¢1-5.

reterm premature rupture of the

membranes (PPROM) complicates
nearly 3% of all pregnancies and is re-
sponsible for one third of all premature
births." Rupture of the membranes is
problematic, and is directly linked to
prematurity-associated severe neonatal
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Department of Obstetrics and Gynecology
[ D Chauhan), Eastern Virginia School of
Medicine, Norfolk, VA.

Presented at the 30th Annual Mesting of the
Sodety for Matemal-Fetal Medicine, Chicago,
L Fab. 1-6, 2010,

Received April 21, 2010; revised July 31, 2010;
accapted Aug. 16, 2010,
Reprints not available from the authors.

morbidity as well as mortality.® Overall
75% deliver within 1 week after rupture,
but approximately 15% may extend ges-
tation for several weeks®™ Most com-
monly women with PFROM are placed
in the hospital for antibiotics, steroids,
and fetal testing. Delivery usually occurs
around 34 weeks or when fetal-maternal
indications require intervention.’
Progesterone has been shown to be
important in maintaining pregnancy
and preventing coordinated contrac-
tions by inhibiting the expression of cel-
lular protein genes in the myometrium
and inhibition of inflammatory factors.*
Peltier et al* has also shown that proin-
flammatory cytokine production in
cases of preterm birth are blunted by
progesterone administration. Random-
ized clinical trials have shown that
weekly injections of 17-alpha-hydroxy-
progesterone (17F) or daily vaginal
progesterone  application reduce the
number of preterm deliveries among
high-risk women who had a prior spon-
taneous preterm birth®” In addition,
17F has been associated with a decrease
in early preterm birth among women
with a short cervix® We propose that
similar benefits may be seen in patients
with PFROM when treated with 17F by

inhibition of inflammation-assoecated

54.e1 American Journal of Obstetrics & Gynecalogy JANUARY 2011

preterm hirth commaonly seen in women
with PPROM. To our knowledge, 17P
has not been tested in women with pro-
longed PPROM.

The purpose of this study was to esti-
mate whether 17P might extend gesta-
tion vs placebo in women with PPROM.

MATERIALS AND METHODS

Patient recruitment in this placebo-con-
trolled double-blind randomized clini-
cal trial was carried out at a single site
over a 4-year period (2003 through
2006) and complied with the CONSORT
(Consolidated Standards of Reporting
Trials) statement. The study was ap-
proved by the institutional review board
(0239) at the University of Mississippi
Medical Center and registered by Clini-
cal Trials.gov (NCT00830765). Women
who presented with singleton, wertex
gestations to university's obstetric emer-
gency area with a diagnosis of PPROM at
20-30 weeks' gestation, typically dated
by ultrasound. were eligible for this
study. Patients <24 weeks with PPROM
were offered induction vs conservative
management. These women were coun-
seled and evaluated for pulmonary hyp-
oplasia. Suspected amniorrhexis was
confirmed by sonography, visualization
of fluid coming from the cervix, and pos-
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OBSTETRICS

17 alpha-hydroxyprogesterone caproate to prevent
prematurity in nulliparas with cervical

length less than 30 mm

William A Crobenas, MD, MEA; Elizabeth A Thom, Phi); Catherine Y. Spong, MD: Jay D lams, MI: Ceorge B Saade, MDs
Brian M. Merces, MIK Alan T. N. Tita, MDs Dwight ]. Rose, MO Yoram Sorokin, MIK Rosald |. Wapnes, M

Kenmeth | Levemo, MD: Sean Blackwell, MID: M. Seam Esplin, ML lorgs E Tolosa, MDD, MSCE;

lohs 8. Thorp: Ir, MI); Steve KU Caritis, M | Peter Van Domstes, M for the Esnice

Kenneddy Shriver National Institute of Child Health and Human Development

Maternal-Fetal Medicine Units (MFPMLUT} Netwaork

DEJECTIVE: e snughtl 03 evaksats whether 17 aipha-tyd
terone caproate (17-0HP) reduces predem birth (PTE) In nullpamis
wimen with a midrimester cenical length (T1) <30 mm.

STUDY DESIGA: In thls musticaniar random Lzed controlled tial, nol
liparous women with 8 singlelon gestslion batwesn 16 and 22 37
weeks with an endovaginal CL <30 mm < 10th percantie In this
poputation] were randomized tn weekty InT amusculer 17-0HP (250
my) or placebo through 35 weeks. The primary oulcome was FTE
<37 WeskE.

RESULTS: The fraquancy of FTR dkt not difter between the 17-0HP
in = 227) and placebo i = 330) guUups [25.19% s 24.2%; rakatie
e, 1.00; 957 COMGeNca Nitenval, 0.79-1.38). Thers S50 wes o
iferance I the compoite dverss neortstal nutcome (7.0 vs B1%;
relathve sk, 0177 BE% conidence Inteneal, 0146 1,30,

(CONGLLESION: Weekly 1 7-DHF does not reduce the frequency of FTBIN
nulipzrous women with 8 midiimester L =230 mm.

ey worts: nulljsmus, progeserne, progesngan, short can:

FIGURE 2

Survival curve illustrating proportion of participants
remaining pregnant after randomization
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Prevention of preterm delivery after successful tocolysis
in preterm labor by 17 alpha-hydroxyprogesterone
caproate: A randomized controlled trial

Patrick Rozenberg, MD; Aurelia Chauveaud, MD; Philippe Deruelle, MD, PhD; Marianne Capelle, MD;
Norbert Winer, MD, PhD; Raoul Desbriére, MD; Frank Perrotin, MD, PhD); Caroline Bohec, MD;

Shohreh Azimi; Raphael Porcher, MD, PhD; Elie Azria, MD, PhD; for the Groupe De Recherche En Obstétrique et

Laure Connan, MD%; Christophe Vayssiére, MD, PhD; Bruno Langer, MD, PhDs Aymeric Mantel, MDs ! :

Gynécologie

DBJECTIVE: The objective of the study was to evaluate the use of 17
alpha-hydroxyprogesterone caproate (17F) to reduce preterm
delivery.

STUDY DESIGN: This open-tabel, mulficenter, randomized controllad
trial included women with singleton pregnancies admitied at 24-31
weeks' gestation and cervical length less than 25 mm for preterm labor
successfully arrested by tocolytic treatment. Randomization assigned

RESULTS: Ouicome data were available for 184 of 188 women random-
ized. The 17P and confrol groups {similar for most baseline characteristics)
did not differ significanty for median [interquartile range] tme to dalivery
(64 [42-79] and 67 [46—83] days, respectively) or rates of delivery before
37,34, or 37 weeks of gestafion or adverse perinatal outcomes.

CONCLUSION: Semiwesky injections of 1 7P did not prolong pregnancy
significanty in women with tocolysis-amested preterm kabor.

them to receive (or nof) 500 mg of intramuscular 17P after focolysis

ended, repeated semiweekly until 36 weeks or praterm delivery. The  Key words: cenvical length, preterm delivery, praterm kbor, 17

primary outcome was the time from randomization to delivery.

alpha-hydroxyprogesterona caproate, uirasonography

Cite this article as: Rozanberg P, Cheuveaud A, Dervella P, ot al. Prevention of praterm delivery after successful tocolysis in pratarm labor by 17 sipha-

yo caproats: 2 contralled trial. Am J Obstet Bynecol 2012:206:206.21-0.

Prelerm birth, before 37 completed  to 9%.' They have been rising in most
weeks of gestation, isresponsible for  industrialized countries, increasing in
most of the neonatal morbidity and the United States from 9.5% in 1981 to
mortality in developed countriesandisa  12.7% in 2005.** Although understand-
leading cause of long-term disabili ing of the risk factors and mechanisms
Rates in Europe generally range from 5%  related to preterm labor continues to ad-

From the Departments of Obstetrics and Gynecology, Hopital Poissy-Saint Garmain, Viersailes-5t
Quentin University, Poissy ([Dr Rozenberg); Hapital Antoine Béclére, Assistance Publique-Hépitaux
de Paris, Clamart (Dr Chauveaud); Hopital Jeanne de Flandre, Lile (Dr Deruelie); Hopitsls de La
Goncaption [Dr Capelie) and Nord (Dr Desbriére), Marseile; Hopital Mére-Enfant. Nantes (Dr
‘Winer]; Hipital Bretonneau, Tours ([Dr Perotin); Hopital Morvan, Brest [Dr Bohec); Hopial Paul de
iguier, Toulouse [Dr Connan); CMCO, Schiltigheim {Dr igre]; Hopital Dk

Strasbourg [Dr Langer); Hertford British Hospital, Levallois-Pemet (Dr Mantal); and Hapital Cochin-
Port Royal Saint Vincent de Pau, Assistance Publique-Hopitzio de Peris, Paris (Dr Azrisl 2nd the
Department of Giinical Research lle-de-France, Hapital Saint-Lovs, Assistance Publique-Hégitau de
Paris, Paris {(Ms Azimi), and the Department of Biostatistics, Hapital Saint-Louis, Paris Diderct
University, and Insitut National de la Santé et de la Recherche Médicale [Dr Porcher), Paris, France.
Received Oct. 21, 2011; revised Dec. 9, 2011; accepted Dec. 21, 2011,

This trial was supported by a research grant from the Département & la Recherche Cinigue lle-de-
France, Assistance Publique-Hipitaux de Paris, which also sponsored the study [PHRC AOM
04038).

The authors report no conficts ofinterast.

Prasented orally at the 32nd annual mesting of the Society for Matemal-Fetal Medicne, Dallss, TX,
Feb. B-11, 2012,

The racing flag logo sbove indicates that this arfice was rushed to press for the benefit of the
scientific community.

Reprints: Patrick Rorenberg, MO, Centre Hospitslier Poissy-Saint-Germain, Rue du Champ
Gaillard, 78303 Poizsy Cedax, France. prozenberg@chi-poissy-st-germain.fr.
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vance,” lack of knowledge about its pre-
cise pathophysiology makes it difficult
to improve these results. Tocolytic
drugs can attempt to treat only the
symptoms of preterm labor. Although
all current tocolytic agents are superior
to placebo at delaying delivery for both
48 hours and 7 days,” maintenance to-
colytic therapy after successful treat-
ment of an acute episode of preterm
labor does not reduce the incidence of
recurrent preterm labor or preterm de-
livery and does not improve perinatal
outcome.”

Because of progesterone’s role in
maintaining pregnancy,®'* recent ran-
domized trials have compared it with
placebo in different groups at high risk
for preterm delivery. Encouraging data
suggest that prophylactic treatment
with progesterone significantly re-
duces the rate of preterm delivery in
women with a documented history of
spontaneous preterm delivery'™'® and
in asymptomatic women with a short
cervix measured at midgestation by
ultrasound.'”

Nevertheless, considerable uncertainty
still surrounds the actual mechanism of

1.0

Probability of delivery

17-OHP
No 17-OHP

20

60

Days

100
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SMFM CLINICAL GUIDELINE  wwwAJOG.org

Progesterone and preterm birth prevention: translating

clinical trials data into clinical practice

Sodiety for Maternal-Fetal Medicine Publications Committee, with the assistance of Vincenzo Berghella, MD —

-
0BJECTIVE: We sought to provide evidence-based guidelines for using progestogens for
the prevention of preterm birth [PTB).

METHODS: Relevant documents, in parficular randomized friaks, were identified using
PubMed (S National Library of Medicine, 1983 through Febnuary 2012) publications, written
in Engiish, which evaluate fe effectiveness of progesingens for prevention of PTB. Progesio-
0ens evaluated were, in particular, vaginal progesterone and 17-alpha-hydroxy-progesterone
caproate. Addiiorally, the Cochrane Library, organizafional guidelines, and studies identified
through review of the above were utiized o idenfify relevant arficies. Data were evaluated
aceordng to populstion studied, with separate analyses for singleton ve mulfiple gestafions,
prior PTE, or short ransvaginal uttrasound cenvical length (CL), and combinations of these
factors. Consistent with US Preventive Task Force suggestions, references were evaluaied for
quality based on the highest level of evidence, and recommendations were graded.

RESULTS AND RECOMMENDATIONS:  Summary of randomized studies indicates that in
women with singleton gestations, no prior PTB, and short CL =20 mm at =24 weeks, vaginal
progesterone, efther 80-ma gel or 200-mg suppository, is associated with reduction in PTE and
perinatl morbidity and mortality, and can be offered in these cases. The issue of universal CL
‘screening of singleton gestations without prior PTE for the prevention of PTE remains an object
of debate. CL screening in singleton gestations without prior PTE cannat yet be universally
mandated. Nonetheless, implementation of such a screening sirategy can be viewed as rea-
sonzble, and can be considered by individual practitioners, following strict guidslines. In sin-
gleton gestations with prior PTB 20-36 67 weeks, 17-alpha-hydry-progesierone caprate
250 my nramuscutary weskly, preferably starting at 16-20 weeks until 36 weeks, s recom-
mended. In hese women with prior PTB, if the fransvaginal ulrasound CL shortens o <25 mm
at <224 weeks, cenvical cerclage may be offered. Progesingens have not been associated with
prevention of PTB in wemen who have in the current pregnancy multiple gestafions, preterm
bbor, or preferm premature rupfure of membranes. There & insufficient evidence i recom-
mend the use of progesingans in women with any of fese risk factors, with or wihout 2 short CL.

Key words: 17-alpha-hydroxy-progesterons caproate, cervical length, preterm birth,
prior preterm birth, progesiogens, vaginal progesterone

Introduction quiescence was first reported in 1954."*

Progesterone was isolated and character-
ized in 1934, and its role in myometrial

From the Society for Matemnal-Fetal Medicine
Publications Commitiee with the assistance of
Vincenz o Barghala, MD, Division of Matemal-
Fetal Medicne, Department of Obstetrics and
Gynacology, Jefferson Medical Colege of
Thomas Jefferson University, Philedelphia, PA.
Received March 12, 2012; accepted March
13,2012

The authors report no confict of interest
Raprints not available from the authors.
000z-378Mee

© 3012 Publshad by Mozby, Inc.

dok: 10.1016/.20g.2012.03.010

From 2003 through 2011, several ran-
domized trials evaluating the effect of
either  17-alpha-hydroxy-progesterone
caproate (17P) given intramuscularly
(IM) or natural progesterone given vag-
inally or orally for prevention of preterm
birth (PTB) have been published. The
term “progestogens” includes both vag-
inal progesterone and 17P.

Given this large amount of new im-
portant information, thescope of this ar-
ticle is to review the level-1 evidence
{randomized controlled trials [RCTs|
and metaanalyses of RCTs) evaluating
the role of progestogens in the preven-

376  american Journal of Obstetrics & Gynecology MAY 2012

tion of PTB, and to provide clinidans
with current recommendations for their
use in possible dlinical scenarios. Other
publications have not addressed the to-
tality of this new information.”*

As 17P and vaginal progesterone may
vary in their effect,” they will be ad-
dressed separately. The effects of inter-
ventions for reduction of PTE often vary
by the population studied, and in partic-
ular by major risk factor categories for
PTB. Major differences exist when ana-
Iyzing effects of other interventions by
number of fetuses (ie, singleton vs mul-
tiple gestations), prior PTB (vs not), and
short cervical length (CL) on transvagi-
nal ultrasound (TVU) {vs not).* There-
fore data will be analyzed according to
these major categories of risk.

What are the mechanism of action
and safety data of progestogens?
(Levels Il and Il
The mechanisms of action and safety of
progestogens are not the purpose of this
review, and are discussed only briefly.
While the exact mechanism of action of
progestogens in preventing PTB is un-
known, several possibilities have been
proposed (Table 1).'7 In general, the
evidence seems to favor 2 mechanisms:
anantiinflammatory effect that counter-
acts the inflammatory process leading to
PTB, and a local increasein progesterone
in gestational tissues that counteracts the
functional decrease in progesterone
leading to PTB (Table 1).*"7

Regarding safety, several studies failed
to detect any long-term effect from the
intrauterine exposure of the fetus to
pharmacologic progestogens, even when
given in the first trimester.'® Follow-up,
ata mean of 4 years, of 278 children ran-
domized in the largest RCT evaluating
17P for prevention of recurrent PTE re-
vealed no differences in physical exami-
nation, health status, or performance
(mator, problem solving, personal-so-
cial) compared to placebo.

TABLE 3
Current Society for Maternal-Fetal Medicine recommendations
regarding use of progestogens for prevention of preterm birth

Population Recommendation regarding use of progestogens

Asymptomatic
Singletons without prior SPTB and

singletons without prior SPTE but
CL =20 mm at =24 wk

Vaginal progesterone 90-mg gel or 200-mg
suppository daily from diagnosis of short CL until 36
wk

_ Multiple gestations
Symptomatic

ness

No evidence of effectiveness

17P, 17-alpha-hydroxy-progesterone caproate; CL, cenvical length; /M, intramuscularly; PPROM, preterm premature rupture

of membranes; FTL, preterm labor; SPTE, spontaneous preterm birth; MU transvaginal ultrasound.
SMFM. Progesterone and preterm birth prevention. Am ] Obstet Gynecol 2012.

No evidence of effectiveness

No evidence of effectiveness

S

SMFM Publications Committee. AJOG. 2012
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US FDA Approval Pathway

Basic Preclinical e FDA | Postapproval

development . :
research development review| & marketin
P Phases |, II, and Ill 9

/" /
IND NDA

Source: Created by CRS.

Note: FDA = Food and Drug Administration. IND = investigational new drug application. NDA = new drug
application. NIH = National Institutes of Health.
From Congressional Research Service Report, 2018
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" Accelerated Approval Pathway

Effect on the endpoint
Clinical evidence reasonably suggests a
supports the drug's clinical benefit

effect on a surrogate
or intermediate clinical
endpoint

e ACCELERATED
existing tnfatments APPROVAI.

Postmarketing

Confirmatory Study

Intends to treat a serious
or life-threatening illness

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

? Obstetricians and Gynecologists

Qm— B U L L E T I N

MNumser 130, OcToser 2012 (Replaces Practice Bulletin Number 31, October 2001
and Committee Opinion No. 419, October 2008)

Prediction and Prevention of
Preterm Birth

Preterm Dirth is the leading cause of neonatal mortality in the United States, and preterm labor precedes approxi-
mately 50% of preterm births (1, 2). Neonatal intensive care has improved the survival rate for neonaies at the cusp
of viability, but it aiso has increased the proportion of survivers with disabilities (7). The incidence of multiple births
also has increased along with the associated risk of preterm delivery (4). The purpose of this document is to describe
the various methods proposed for identifying and treating asymptomatic women at increased risk of preterm birth and

the evidence for their roles in clinical practice.

Background

Spontaneous preterm birth includes birth that follows pre-
term labor, preterm spontaneous rupture of membranes,
and cervical insufficiency, but does not include indicated
preterm delivery for maternal or fetal conditions (3).
The preterm birth rate (birth at less than 37 completed
weeks of gestation per 100 total births) increased more
than 204 from 1990 to 2006. However, decreases in
hirth rates for both early preterm birth (earlier than 34
weeks of pestation) and late preterm birth (34 0736 &/7
weeks of gestation) contributed to a decrease in the over-
all preterm birth rate between 2008 (12.3%) and 2009
(12.18%) (1). The risk of poor birth outcome generally
decreases with advancing gestational age. Although risks
are greatest for neonates born before 34 weeks of gesta-
tion, infants born after 34 weeks of gestation but before
37 weeks of gestation are still more likely to experience
delivery complications, long-term impairment, and early
death than those born later in pregnancy (6).

Infants born prematurely have increased risks of
mortality and morbidity throughout childhood, especially

during the first year of life. In the absence of more com-
prehensive tests of fetal and neonatal status, gestational
age is a common surrogate for presumed functional matu-
rity. Although age is related to maturity, no easily identi-
fied gestational age boundary exists between a premature
neonate and a mature neonate. The risks of perinatal,
neonatal, and infant morbidity and moriality are lowest
for infants born between 39 07 weeks of pestation and
40 6/7 weeks of gestation. These risks increase as gesta-
tional age at birth decreases, with morbidity reported at
37 weeks of pestation and even 38 weeks of gestation in
some series (7, ).

Risk Factors

One of the strongest clinical risk factors for preterm birth
is a prior preterm birth (9). Maternal history of preterm
hirth is commonly reported to confer a 1.5-fold to 2-fold
increased risk in a subsequent pregnancy. Importantly,
the number of prior preterm births and the gestational
age at the prior delivery significantly affect the recur-
rence risk of preterm birth (10). A preterm birth followed
by delivery at term confers lower risk than the opposite

Committee on Practice Bulletins—{Mstetrics. This Practice Bulletin was developed by the Committes on Practice Bulletins—Obstetics with the assis-
tance of Jay lams, M), Gary Dildy, MD, George Macones, MD, and Neil Silverman, MD. The information is designed to aid practitioners in making deci-

sions ahout appropriate obstetric and gynecalogic care. These
Variations in practice may be warranted hased on the needs of

964 VOL. 120, NO. 4, OCTOBER 2012

incs should not be construed &5 dictating an exclusive cowrse of teatment or procedure.
i individual patieat, resources, and limitations unique o the institution or type of practice.
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Original retail price: $1500 per 250 mg
it e injectable dose.
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Role of progestogen in pregnancy

Original retail price: $1500 per 250 mg
e 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)
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Current Commentary Editorials

Unjustified Increase in Cost of Care Deus ex Makena?

Resulting From U.S. Food and Drug
Administration Approval of Makena
(17a-Hydroxyprogesterone Caproate)

he Latin phrase dews ex maching refers to a practice revived during the

Shakespearean era in which the plot of a tragic play was augmented
by a device (madhing) that introduced a god (deus) onstage to resolve a difficult
situation or predicament. Given the rocont “predicament” surmounding the
release of Makena for proterm labor prevention, we now explore whether
this drug is indeed the “divine™ intervention that provides us with a
solution—hence our title, “Deus ex Makena?™ Most certainly, the recent TU.S.
Food and Drug Administration (FDA) approval for KV Pharmaceutical to
market 170-hydroxyprogesterone caproate was much heralded by the
obstetric community. Despite decades of research, no medication has held
such promise in the prevention of some cases of preterm birth. The initial
excitement was dampened quickly when the company announced that the
wholesale price for Makena would be nearly 31,500 for each weekly
injection. This compares with about $10 to $20 for 7 days of treatment with
progesterone vaginal suppositories. Annual costs for 17e-hydroxyprogester-
one caproate to prevent preterm labor in eligible women in this country are
estimated to exceed $3 billion, without including any added costs for drug
administration. Timely and appropriate umbrage similar to that expressed by
Cohen et al in this issue' also has come from the American Academy of
Pediatrics, the American College of Obstetricians and Gynecologists, the
Saciety for Maternal-Fetal Medicine, and economists, ethicists, politicians,
and other knowledgeable sources?

The current renaissance of interest in the prevention of preterm labor
with progesterone followed publication in 2003 of the trial by the
Maternal-Fetal Medicine Units Network.® This study included, for the
mast part, women at very high risk for recurrent preterm birth who were
assigned randomly at midpregnancy to receive weekly injections of either
intramuscular 17e-hydroxyprogesterone caproate in castor oil or placebo.
‘Women in the 17e-hydroxyp me caproate-treated group had
significantly fewer preterm births. However, when major neonatal mor-
bidities were compared between the two cohorts, there were no mean-
ingful differences in the frequency of respiratory distress syndrome,
bronchopulmonary dysplasia, grade 3 or 4 intraventricular hemorrhage,
or retinopathy. Two subsequent Maternal-Fetal Medicine Units Network

r of 17a-hydroy,
D Stor 5 fom the Doty of Ui el T(L:Jdlrc:“gl(;re I.ctL:ssc:'s?:1 d]'l.c eﬂ:ic.ac) .Uf 170 h.:\'ud.lrcix_. pr(Jgelsl_crlc;'lc cat]:rigar.e
Setences Canter, Department of O and Gy P preterm delivery in women with twin or triplet gestations
necology. Sult Lake City, Uik e-muil: bobsboeri  eport no benefits for pregnancy prolongation **

Arnald W. Cohen, s, Joshua A. Copel, mp, George A. Macones, mp, M. Kathryn Menard, vp, spii,
Laura Riley, mn, and George R. Saade, Mp

over current rates. Actions are needed by the FDA,
national societies, and the manufacturer to ensure that all
high-risk patients continue to get the needed therapy to
reduce the number of preterm births.

{Ohstat Gynacol 2071;117:1408-12)

DO 101097/ ADG. 0b013231821c2d75

US. Food and Drug Administration (FDA) approval of
17a-hydroxyprogesterane caproate for the indication of
decreasing the risk of preterm delivery in those high-risk
patients who previously had spontaneous preterm birth
has come at considerable cost to the health care system.
Weekly injections provided by compounding pharmacies
starting at 1620 weeks of gestation and continuing until
36 weeks currently cost the health care system 5200 to bstetricians have been searching for the key to
$300 per pregnancy. This cost is less than the - . !

. L . . preventing preterm birth for more than half a
costs associated with delivering and caring for preterm . Ou f “cure” f ity has lod
children. Makena, by KV Pharmaceutical, the same 17~ 02Aury. Our quest for a “cure” [or prematusity “51 d
hydroxyprogesterone caproate product, is priced at to many therapies, lr.lcl.udmg alcohol, ritodrine (U.S.
§1,500 per injection, or a projected cost of $30,000 per  FO0d and Drug Administration [FDAJ-approved, later
p cy. With approxi 132,000 p ies be-  withdrawn from the market), terbutaline, nifedipine,
ing eligible for treatment annually, this increase in costof  indomethacin, magnesium sulfate, and atosiban. Af best,
75-150 times what previously had been paid far exceeds  each delays delivery for 2448 hours, just enough time
the benefits derived from the FDA-approved Makena  {p give women at risk of preterm delivery corticoste-

! i iouch ilabl ded
when o P “’:ﬂ"‘ P ¥ o Prane roids, an intervention that has been shown to enhance
versions of 17a-hydroxyprogesterone caproate. This in- gy pulmonary maturation and decrease the risk of
creased health care cost is not justified at this time. The A s )

. . N respiratory distress syndrome, severe intraventricular
price barrier to access imposed by KV Pharmaceutical N N \
actually could result in an increase in preterm deliveries  1emOrThage, necrotizing enterocolitis, and death.

In 1975, in a small trial, Johnson found that weekly
injections of 17a-hydmoxyprogesterone caproate im-
proved the outcomes of selected high-risk pregnancies.
From the Allert Finsein Madival Conter, Philodephin, Pomssyloarie; the Yl In 1956, the FD)A had approved ITu-hydm).q'pr()gesmr-
Unisersity School of Medicine, Neew Haoen, Comnecticut; the Washingion 00 caproate under the trade name Delalutin for use in
Unizersity Schoo! of Medicine, St. Louis, Mizouri; the Universiy of North  pregnant women. The manufacturer withdrew Delalutin

F. Gary Cunningham, MD

See related editorial on page 1263, See related article oa page 1408,

" e, [ ! . sz atah . D, Caunminghars i from the Unoers it i
I’C:amtm;“&kc?n:‘l zwda; Lﬂa fh‘{:i :ﬁon‘[ﬁ Carling; ;_hm‘:'nsl'ez from the market in 2000 for re unrelated to safety.? I;‘hﬂn m‘;fm”""ﬁw: m;"‘wmv-a‘ ) In af:ldlllﬂn l_{J _lh{' su!dlesmo_d abowve, there have been a number of other
Crenenal Hospital, Hoston, Massackusets: and the Unisersity of Texar Medic S . ﬂm‘“. fual well-designed clinical trials carried out over the past decade to assess the
Hranch, Galbenr, Tesu Compounded progesterone therapy during pregnancy mf ingham mi{ MMM; o efficacy of proterm labor provention with 17e-hydroxyprogesterone caproate
Correspomding author: M. Kathryn Menard, MD, MPH, CB% 7516, 30001 then was used only rarely. il i i - 1 Pm P al ds“i B -j?hng ety Ly \
Clinic Bldg, Chapel Hill, NC 275997516, S19-965-1601; cmuil: In 2003, Meis published the results of a National Fimancial Disclorure as well as other progestational compounds. In a Brazilian study, women a
irmenardifimed unc edu. - R The quthors did not report any potential wnflics of  high risk for preterm labor were assigned randomly to daily treatment with
- Institutes of Health-sponsored double-blind, random- inderest. . - i r
Financial Discamre vaginal suppositories containing either placebo or 100 mg of progesterone

ized, placebo-controlled study testing the efficacy of
17a-hydroxyprogesterone caproate for the preven-

17 by The Amevican College of Obsletricians o ; Ny a !
niagists. Publiched by Lippincott Will These investigators describe results with progesterone-containing supposito-

gaw,-,b,.,_ ries similar to those from the 17a-hydroxyprogesterone caproate trial, in that

The authors did mot report amy potential conflicts of imierent.
© 2011 by The Americzn Cotlepe of Obstetricians and Gynecologsts. Published
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tion of recurrent premature birth.* In this study, the
incidence of recurrent premature delivery at less than
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the risk for preterm delivery was decreased significantly in the progesterone-
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At Parkland Health in 2012...

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. 3797)

Compounded therapy versus Commercial product???
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At Parkland Health

EAGLE
AMALYTICAL SERVICES

AOFECCA COMBEANY

Joz Park

Dougherty's Pharmacy
515 Preston Royal Village
Dallas, TX 75230

Tel:  (214) 363-4318
Fax: (214) 7390238

LABORATORY TEST RESULTS
Microbiological Tests:
Bacterial Endotoxin USP <85>

Sterility USP <71>
Rapid ScanRDI Microbial Detection

Chemical Tesis:
Hydroxyprogesterone Caproate

LABORATORY REPORT

4252012
Client#: E12417
Sample: Hydroxyprogesterone Caproate Sesame
250mg/mL
Lot#: YU-YH-DYJD@38

Sample ID#: 258361

Date Rec'd: 4/18/2012

Daje Measured = Resul

Day 7 (Neg.)
Dage Reparted Measured Pogency
42472012 250 mg/mL 248 mg/mL 99.2 %

USP <71 Stariity Test is a 14 day test using the membrane filtrafion procedure. Test for BACTERIA, MOLDS,
YEAST AND FUNGI with two media at separate temperatures. Test read on days 3, and 7 are not final until the

full 14 day test is complate.

USP 705> states:  *...compound preparations are 1o be preparad to ensura that each praparation shall contain
not less than 90% and not more than 110% of the theoretically calculated and labelod quantity of an active
i i ~. Potency is inations follow USP <621 HPLG, USP<851> Specirophotometry, and specific

monograph testing procedures

Respectiully submitted,
EAGLE LYTICAL SERVICES LTD.
T

William J. Zolner, Ph.D., President

9881 South Wilcrest Drive, Houston, TX 77099

B832-2951276 281-754-4700 (fax)
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At Parkland Health

EAGLE
AMALYTICAL SERVICES

W orecs comeany LABORATORY REPORT

4252012
Joz Park Client#: E12417
Dougherty's Pharmacy Sample: Hydroxyprogesterone Caproate Sesame
515 Preston Royal Village
Dallas, TX 75230
Tel:  (214) 363-4318

Fac: (214)739-0238 Date Rec'd: 4/18/2012
LABORATORY TEST RESULTS
Microblological Tesgs: Dage Measured Besult

Bacterial Endotoxin USP <85>
Sterility USP <71= Day 7 (Neg.)
Rapid ScanRDI Microbial Detection

Chemical Tesis: Dage Reparted Measured Pogency
Hydroxyprogesterone Caproate 42472012 250 mg/mL 248 mg/mL 99.2 %
Notes:

USP <71 Stariity Test is a 14 day test using the membrane filtrafion procedure. Test for BACTERIA, MOLDS,
YEAST AND FUNGI with two media at separate temperatures. Test read on days 3, and 7 are not final until the
full 14 day test is complate.

USP 705> states:  *...compound preparations are 1o be preparad to ensura that each praparation shall contain
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patients had recerved epidural steroid injection with présercative-free methylprednisolone acetate solution (MPA), compounded at New England
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finding efforts and extensive investigation into medications and medication lot numbers received by patients have confirmed that, as of October 10, no
cases were assodated with other lots of MPA, nor were any associated with other NECC products. This report descnbes the ongoing mvestigation by
CDC and state and local health departments, and includes important recommendations for physidans and patients.
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EAGLE L"'TE'_';_S_EEHCES LTD. mgyml) from these lots were padkaged in 1ml, 2ml, and 5ml vials and distrbuted to 75 faclities in 23 states. These lots of MPA were used to treat both
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MPA and all lots of sterle products intended for intrathecal injection on October 3, This was followed by a voluntary recall of all remaining products on
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On September 18, 2012, the Tennessea Department of Health was alerted by a dinician regarding a patient with culture-confirmed Aspergilius fumigatus
memngitis diagnosed 46 days after epidural steroid injection at a Tennesses ambulatory surgical center, By September 27, the initial mvestigation,
carmied out by the Tennessee Department of Health in collaboration with CDC and the North Carolina Department of Health and Human Senaces, had
identified an additional esght patients with cinically diagnosed, culture-negative menangitis: seven in Tennessee and one in North Carglina, All nine
patients had recerved epidural steroid injection with présercative-free methylprednisolone acetate solution (MPA), compounded at New England
Compounding Center (NECC) in Framingham, Massachusetts. all nine patients had received one or more injections from three lots of MPA (lot numbers
0521201 20468; 06292012826; and 081020128 51). As of October 10, 3 multistate mvestigation led by CDC in collaboration with state and local health
departments and the Food and Drug Administration (FDA) had identified 137 cases and 12 deaths associated with this outbreak in 10 states. Active case-
finding efforts and extensive investigation into medications and medication lot numbers received by patients have confirmed that, as of October 10, no
cases were assodated with other lots of MPA, nor were any associated with other NECC products. This report descnbes the ongoing mvestigation by
CDC and state and local health departments, and includes important recommendations for physidans and patients.
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mgy/ml) from these lots were padiaged in 1ml, 2ml, and 5ml vials and distnibuted to 75 faclities in 23 states. These lots of MPA were used to treat both
peripheral joint and badk pamn, On September 26, NECC voluntarily recalled the three lots of MPA, followed by an expanded voluntary recall of all kots of
MPA and all lots of sterlde products intended for intrathecal injection on October 3. This was followed by a voluntary recall of all remainang products on
October &.

UT Southwestern

Medical Center




64

Prevention of preterm delivery after successful tocolysis
In preterm labor by 17 alpha-hydroxyprogesterone
caproate: A randomized controlled trial

Patrick Rozenberg, MDj; Aurelia Chauveaud, MD; Philippe Deruelle, MD, PhD; Marianne Capelle, MD;

Norbert Winer, MD, PhD; Raoul Desbriére, MD; Frank Perrotin, MD, PhD; Caroline Bohec, MDD

Laure Connan, MD; Christophe Vayssiere, MD, PhD; Bruno Langer, MD, PhD; Aymeric Mantel, MD;

Shohreh Azimi; Raphael Porcher, MD, PhD; Elie Azria, MD, PhD; for the Groupe De Recherche En Obstétrique et ({%.37

Gynécologie

O0BJECTIVE: The objective of the study was to evaluate the use of 17
alpha-hydroxyprogesterone caproate (17F) fo reduce preterm
delivery.

STUDY DESIGN: This open-label, multicenter, randomized controlled
trial included women with singleton pregnancies admitted at 24-31
weeks' gestation and cervical Iength less than 25 mm TOr preterm labor
successfully e

RESULTS: Outcome data were available for 184 of 188 women random-
ized. The 17P and control groups (similar for most baseline characteristics)
did not differ significantly for median [interquartile range] time to delivery
(64 [42—79] and 67 [46—83] days, respectively) or rates of delivery before
37, 34, or 32 weeks of gestation or adverse perinatal outcomes.

CONCLUSION: Semiweekly injections of 17P did not prolong pregnancy
significantly in women with tocolysis-arrested preterm labor.

Key words: cervical length, preterm delivery, preterm labor, 17
alpha-hydroxyprogesterone caproate, ultrasonography
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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”

UT Southwestern

Medical Center



“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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Pharmacology considerations

OBSTETRICS KEIGITTETNITieairNg

Pharmacology and placental transport of 17-hydroxyprogesterone

caproate in singleton gestation

Steve M. Caritis, MDs Shringi Sharma, PhDs Raman Venkataramanan, PhD% Gary D. Hankins, MD;

Menachem Miodovnik, MD; Mary F. Hebert, PharmDs Jason G. Umans, MD, PhD; Thomas Benedetti, MD;
Donald Mattison, MD; Anne Zajicek, MD, PharmDs Dawn Fischer, RN; Aimee Jackson, RNC, MSN; for the Eunice
Kennedy Shriver National Institute of Child Health and Human Development

Obstetrical-Fetal Pharmacology Research Units Network

DBJECTIVE: The purpose of this study was to estimate pharmacoki-
netic parameters and to evaluate placental transport of 17-hydroypro-
gesterone caproate (1 7-0HPC) in singleton gestation.

STUDY DESIGN: Sixty-one women who received weekly injections of
17-0HPC underwent 2 pharmacokinetic studies at 20 + 0to 24 + 6
weeks' gestation (study 1) and 31 + 010 34 + 6 weeks' gestafion
(study 2); daily blood samplas were obtained between injections. In 18
women, blood samples were obtained over a 28-day period beyond the
last injection {extended study). Matemal andfor cord blood were ob-
tained at delivery.

RESULTS: The hali-fife fmedian = S0) of 17-0HPCwas 16.2 + Gdays. Con-
centrations of 17-0HPC were higher during siudy 2 than durng study 1. Body
mass index afiecied matemal 17-0HPC concentrafions. Cordmatemd 17-
(OHPC concentrafion ratios averaged 0.2; 17-0HPC was detectible in cord
plasmia 44 days after the lstmatermal injection.

CONCLUSION: The apparent half-life of 17-0HPC is long, and pharma-
coldnetic parameters vary widely between subjecis and are affecied by
maternal body meass index. The drug crosses the placental barrier.

Key words: cord blood, pharmacokinetics, placents, preterm birth

Cite this articks as: Caritis SN, Sharma 5, R, etalF

and placantal transport of 17-hydroxyprogesterone caproate in singleton

gestation. Am J Obstat Gynecol 2012;207:308.e1-8.

Sewnleen-h_\dmxypmgesumnecapmale
(17-OHPC) reduces preterm birth
rates in women with a previous preterm
birth' but has not proved effective in

ion recommended that this therapy be of-
fered to all women with a previous preterm
birth® and that more research be done with
the pharmacology of 17-OHPC and other

women with multifetal gestation™ or an
ultrasonically identified short cervix.* The
American Congress of Obstetricians and
Gynecologists in a 2009 Committee Opin-

progestin preg Despite widespread
clinical use, there are no reports that have
described pharmacokinetics of 17-OHPC
in singleton gestation, the plasma concen-
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trations that are achieved during therapy
for preterm birth prevention, and whether
the medication is detectible in fetal blood.
In this multicenter Obstetrical-Fetal Phar-
macology Research Units Network study,
we evaluated the pharmacokinetics and
placental transport of 17-OHPC in wo-
men with singleton gestation who were
receiving 17-OHPC because of a previ-
ous preterm birth.

MATERIALS AND METHODS

Study design

We recruited 61 women from 4 centers
who were receiving or planned to receive
17-OHPC for the prevention of recur-
rent preterm birth based on a history of
at least 1 previous spontaneous preterm
(=237 weeks’ gestation) birth. In keeping
with clinical practice recommendations,
all women who were receiving 17-OHPC
began therapy between 16 0/7 and 20 6/7
weeks’ gestation. Each subject agreed to
participate in 2 pharmacokinetic studies
lasting 7 days each. The first pharmaco-
kinetic study (PK1) was scheduled to oc-
cur between 200/7 and 24 6/7 weeks’ ges-
tation after a minimum of 4 weekly

FIGURE 4
Relationship between maternal and cord

blood concentrations of 17-OHPC
A

Plasma 17-OHPC concentrations in maternal
and cord blood at time of delivery
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Plasma 17-OHPC concentration in
maternal and cord blood according to time
from last injection of 17-OHPC

O
- e
_ & X . & cORD
; 80 ® WOTHER
E - =
2 . E o -
2 8
§ = § a
[}
£ £
§ - § .
5 ] -
b o H'-h-_
E 10 H § 10 8 * .0, 2 -
2 g Foam® T T % T e
- N 5 a @ T o —geh——— o "
o 10 20 ko 40 S

Tima {Days after Last injactian)

A, Box plot of 17-hydroxyprogesterone caproate concentration in maternal blood at the time of
delivery and of cord blood. The horizontal baris the median value; the error bars represent 25th (lower
bar) and 75th (upper bar) percentiles. The closed circles outside the 25th and 75th percentiles
represent outliers. B, Relationship between maternal and cord blood concentrations of 17-0HPC. The
figure illustrates maternal blood and cord blood concentrations of 17-OHPC according to time from

last maternal injection of 17-OHPC.
17-0HPC, 17-hydroxyprogesterone caproate.
Caritis. Pharmacology and placental iranspert of 17-OHPC. Am ] Obstet Gynecol 2012.
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Pharmacology and other effects...

OBSTETRICS KIINGITTTNWITvearv
Pharmacology and placental transport of 17-hydroxyprogesterone
caproate in singleton gestation

Steve N. Caritis, M Shringi Sharma, PhD; Raman Venkataramanan, PhD) Gary D. Hankins, MD;

Menachem Miodovnik, MD; Mary F. Hebert, PharmD; Jason G. Umans, MD, PhIx Thomas Benedetti, MD;
Donald Mattison, MD; Anne Zajicek, MD, PharmDs Dawn Fischer, RN; Aimee Jackson, RNC, MSN; for the Eunice
Kennedy Shriver National Institute of Child Health and Human Development

Obstetrical-Fetal Pharmacology Research Units Network

Follow-up of Children Exposed In Utero to
17 a-Hydroxyprogesterone Caproate
Compared With Placebo

Allison T. Northen, v, Bsv, Guwendolyn S. Norman, ry, BsN, Mpi, Kristine Anderson, RN, BSN,
Lisa Moseley, rv, Michelle DiVito, rv, msn, Margaret Cotroneo, RN, CCRC,

Melissa Swain, rv, Sabine Bousleiman, rvc, msn, Francee Johnson, g, BsN,

Karen Dorman, r, ms, Cynthia Milluzzi, rv, Bsn, Jo-Ann Tillinghast, ry, Msy,

Marcia Kerr, rv, ccre, Gail Mallett, rsy, ccre, Elizabeth Thom, reo, Susan Pagliaro,

and Garland D. Anderson, mn, for the National Institute of Child Health and

Human Development (NICHD) Maternal-Fetal Medicine Units (MFMU) Network™

0BJECTIVE: The purpose of this study was to estimate pharmacoki-  RESULTS: The half-ife fmedian = S0 of 17-0HPCwas 16.2 + Gdays. Con-

netic parameters and to evaluate placental transport of 17-hydroxypro-  centrafions of 17-0HPC were higher during study 2 than during siudy 1. Body

gesterone caproate (1 7-0HPC) in singleton gestation. mass indax afiecied matemal 17-0HPC concentrafions. Cordmatemd 17-
" . S CHPC concentrafion ratios averaped 0.2; 17-CHPC was detectibie in cord

STUDY DESIGN: Sixty-one women who received weekly injections of S

17-0HPC underwent 2 pharmacokingic studies at 20 + 0 o 24 + g PasT 44 days afer helastmatermal inection.

weeks' gestafion (study 1) and 31 + 010 34 + 6 weeks' gestalon  cowgyysION: The apparent half-ife of 17-OHPC is long, and phamma-

(study 2); daily blood samples were obtained between injections. In 18 oyinatic narmesers vary widely between subjects and are affected by

women, blood samples were obtzined over a 28-day period beyond the matemal body mass index. The drug crosses the placental barrier.

OBJECTIVE: To assess whether there are evident adverse  droxyprogesterone caproate, with a 2:1 allocation to 17
effects of 17 a-hydroxyprogesterone caproate after in a-hydroxyprogesterone caproate and placebo, respec-

last injection {extended study). Matemal andfor cord blood were ob-

tained at delivery.

Key words: cord blood, pharmacokinetics, placents, preterm birth
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for preterm birth prevention, and whether
the medication is detectible in fetal blood.
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macology Research Units Network study,
we evaluated the pharmacokinetics and
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began therapy between 16 0/7 and 20 6/7
weeks’ gestation. Each subject agreed to
participate in 2 pharmacokinetic studies
lasting 7 days each. The first pharmaco-
kinetic study (PK1} was scheduled to oc-
cur between 200/7 and 24 6/7 weeks’ ges-
tation after a minimum of 4 weekly
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utero exposure,

METHODS: This study evaluated surviving children of
mothers who participated in a multicenter placebo-
controlled trial of weekly intramuscular 17 a-hy-

“For members of the NICHI) MFMU Network, see the Appendic.
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tively. The guardian was interviewed about the child’s
general health. Children underwent a physical examina-
tion and developmental screen with the Ages and Stages
Questionnaire. Gender-specific roles were assessed with
the Preschool Activities Inventory.

RESULTS: Of 348 eligible surviving children, 278 (80%)
were available for evaluation (194 in the 17 a-hy-
droxyprogesterane caproate group and 84 in the placebo
group). The mean age at follow-up was 48 months. No
significant differences were seen in health status or
physical examination, including genital anomalies, be-
tween 17 a-hydroxyprogesterone caproate and placebo
children. Scores for gender-specific roles (Preschool Ac-
tivities Inventory) were within the normal range and
similar between 17 a-hydroxyprogesterone caproate and
placebo groups.

CONCLUSION: 17 a-hydroxyprogesterone  caproate
seems to be safe for the fetus when administered in the
second and third trimesters.

(Qhstet Gyneco! 2007;110:865-72)

LEVEL OF EVIDENCE: I

osults of the multicenter National Institute of

Child Health and Human Development Mater-
nal-Fetal Medicine Units Network study of 17 a-hy-
droxyprogesterone caproate for women with a prior
spontaneous preterm birth demonstrated a significant
reduction in the rate of recurrent spontaneous pre-
term birth at less than 37, 35, and 32 weeks gestation.'
Renewed interest in 17 o-hydroxyprogesterone ca-
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Medicine

SMFM Statement

smfm.org

The choice of progestogen for the prevention () coss
of preterm birth in women with singleton
pregnancy and prior preterm birth

Society for Maternal-Fetal Medicine (SMFM) Publiations Committes

The practice of medicne continues to evolve, and individual dreumstances will vary. This publication reflects information

available at the time of its submission for publication and Is neither K nor to establish an Juesi
of perinatal care. This publication is not expected to reflect the opinions of all mambers of the Society for Matemal-Fetal

Medicine.

he Society for Matemal-Fetal Medicine (SMFM) con-

tinues to recommend that al women with a prior
spontaneous pretemm birth (PTE) of a singleton pregnancy
be offered 17-alpha hydroxyprogesterone caproate
(17TOHP-C) therapy in a subsequent pregnancy with a
singleton gestation.' Data from several sources suggest
that despite these recommendations, there remains
continued underutiization of 170HP-C for eligible pa-
tients.” * The purpase of this statement is to reaffim the
choice of progestogen forwomen with a singleton gestation
and a prior spontaneous PTB.

In 2003, Meis et al® reported the results of a multicenter,
double-masked, randomized controlled trial (RCT) involving
463 women with a singleton pregnancy and prior sponta-
neous PTE who received 170HP-C or placebo. They found
a 34% reduction in the incidence of recurrent PTB at <37
weeks of gestation with 170HP-C treatment (from 54.9% to
36.3%).

The study was stopped early based on prespecified
criteria because of findings at the second interim analysis
(70% of the planned sample was analyzed). The RCT
demonstrated significant reductions in both overall PTB and
PTB at <32 and <35 weeks of gestation as well as signifi-
cant reductions in infant complications (ntraventricular
hemorthage, necrotizing enterocalitis, and a need for sup-
plemental cxygen) in those receiving 17 OHP-C.

Inthe same year, da Fonseca et al’ reported the findings
ofa double-masked RCT of 142 women at high risk for PTB
(94% had a prior PTB) who received either 100 mg vaginal
progesterone per day or placebo. This study reported a
reductionintheinddence of PTB at <37 weeks of gestation
(2B.5% to 13.8%, P — .03) and =34 weeks of gestation
(1B.6% to 2.7%, P = .002).

Initial guidance from the Amercan College of Obstetri-
cians and Gynecologist and SMFM recommended

Comegponding author: SMPM Pubiications Committes

treatment with either 170HP-C or vaginal progesterone for
women with a prior spontaneous PTB to prevent recurrent
PTB (2003, 2008)." In addition, both prior to and after Food
and Drug Administration approval of 170HP-C because of
issues with access (eg, cost, avaiabilty, insurance
coverage), some experts argued for preferred use ofvaginal
progesterone, and many clinicians had no other options for
their patients.”

In 2012, SMFM revised its recommendations by stating
the following: “In singleton gestations with prior SPTB
[spontanecus PTE] 2036 &7 weeks, 17P [17TOHP-C] 250
mg IM [intramuscularly) weekly preferably starting at 16—20
weeks of gestation untl 36 weeks of gestation is
recommended.”

The rationale for the change was based on findings from
multiple RCTs. In 2007, O'Brien et al'™” published the find-
ings of a double-masked RCT involving 652 women with a
singleton pregnancy and prior spontaneous PTB who
received either 90 mg vaginal progesterone per day or
matching placebo. This study reported no differences in
PTE at <32 weeks of gestation (10.0% vs 11.3%; oddsratio
[OFY, 0.8; 5% confidence interval [C1], 0.52—1.56)orPTB at
=37 weeks of gestation (41.7% vs 40.7%; OR, 1.08; 95%
Cl, 0.76—1.52) between those receiving vaginal progester-
one vs placebo.

In2011, Hassan etal'' publishedthe findings of their RCT
comparing vaginal progesterone with placebo in women
with a singleton pregnancy and sonographic short cenvix
{10—20 mm). Inwomen without a history of a prior PTE (84%
of the population), vaginal progesterone was associated
with alower rate of PTB at <33 weeks of gestation (7.6% vs
15.3%; risk ratio [RR], 0.50; 95% Cl, 0.27—0.90, P = .02).
However, in women with a history of a prior PTB between 20
and 35 weeks of gestation, there was not a statistically
significant difference (15.8% vs 20.6%; RR, 0.77; 95% Cl,
0.28—2.06, P = .60).

Similarly, in the RCT published in 2007 by Fonseca etal'”
comparing vaginal progesterone with placebo in women
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FIGURE
OBSTETRICS Prospective trial of 170HP-C
17-alpha Hydroxyprogesterone caproate did not reduce the
rate of recurrent preterm birth in a prospective cohort study Parkland Parkland
David B. Nelson, MD; Denald D. Melntire, PhD; Jeffrey McDonald, PhD; John Gard, Pharm D; Paula Turrichi, BSBA, MS; Pfeterm B!rlh Chmc ObS‘Et"cs Database
Kenneth J. Leveno, MD
* Referral protocol excludes women + Singletons only.
BACKGROUND: 17-ipha Hydromprogesteone  caproate for  The overall rae of recument pretemm birh was 25% N — 106 for e with prior indicated preterm births.
ion of birfh is Jedforuseinthe United  enfire cohort compared to e 16.8% expected rate (P = 10). The 3 » Excluded hypenensives,

States secondary oucomes were also negative. First, 17-alpha hydrox- = : i i < T H
OBJECTIVE: We sought toassess he diical efecs of 7.0 proate i nt S edoes e s o e Prior smg!elon_blrths <35 we_eks. pregestational diabetes.
hydroyprogesierone caproate to prevent recument preterm birth <35 regardless of prior prelerm birth number or sequence. Second, plasma 2012-2016 N = 456 consecutive
weeks colrparedfm?sim.ijlz;rahrimm's in our obstetric don prior 10 the pd [r; G?f ‘Z‘:p:k;"‘n Pl veelcsaptr:aﬁ e mt women given 170HPC. + Women with 2 or more births at

of 17-al aprote. ierent (P = 17 at 24 weeks; P = 38 at ) between women ;
STUDY DESIGN: This was a prospective cohort study of 17-alpha  delivered <35 weeks and those delivered laer in pregnancy. Third, fhe Parkland, 1 of which was = 35 weeks.
hydroyprogesierone caproate in our obstetric population. The primary  mean (+5D) interval in weeks of recument preterm birfh before 17-alpha + 170HPC unavailable anWthe
outcomewas the recumence ofbirth < 35 weeks for theentire study cohort — hydroxyprogesterone caproate use was 0.4 =+ 5.3 wesks and the interval else in Parkland system and
compared to a historical referent raie of 16.6% of recument pretenm birth  of recurent preferm birh after 17-alpha hy drosyprogesterone caproae : - = - <
in our populafion. There were 3 secondary ouicomes. First, did 17-alpha  reatment was 0.1 + 4.7 weeks (P = 53). A side effect of weskly 17- prewously not used at Parkland. N = 5787 women pror births = 35 weeks.
hydroxyprogesierone caproate modify a woman's hisiory of preferm birth  alpha  hydrosyprogesterone caproak injections was an increase in 1988-2011
wihen taking into account her prior number and sequence of preterm and 0 diabeies. i the rate of i didbetes was Excluded 21 lost to
term births? Second, was recurmence of preterm birth related to 17-alpha  134% in 17-alpha hydrosyprogesierone  caproate—ireated  women f0||0WUD and 5
hyd aproate plasma ion? Third, was duration  compared o 8% in case-matched controls (P = 001). g
of pregnancy modified by 17-aipha hydronyprogesterone caproate treat-  CONCLIUSHION: 17 -alpha Hydroxyprogesterone caproaie was ineffec- delivered < 20 weeks. N = 1290 matched control women
ment compared to a prior preterm birth? five for prevendion of recumrent preterm birth and was associaied wifh an
RESULTS: From January 2012 firough March 2016, 430 consecutive  inoreased rate of gestational diabetes. Matched 3:1 to 430 17 OHPC treated for:
women with prior birhs <35 weels were treaged with 17-alpha = men |
hydroyprogesierone caproate. Mearly two thirds of the women N =  Key words: efficacy, extemnal validity, gestational disbetes, neonatal N = 430 170HPC treated wo . .
267) beg injections <18 weeks and 304 [92%) received a scheduled  morbiity, ity, preterm birth, . * Prior preterm birth (6 types)
weekly injecfon witin 10 days of reaching 35 weeks or delivery. randomized trial + Smoking 5% (21 women)

* Race
Introduction reduce the rate of preterm birth have  and that vaginal progesterone should not * Drug abuse 3% (12 women)
Prevention of preterm birth is a major  been emphasized in the United Statesfor  be considered a substitute for 170HP- + BMI =30
focus in obstetrics due to the burden of  several decades. A recent example is the C.” The SMFM Publications Commit-
neonatal morbidity and mortality on  widespread use of progestogens to pre-  tee also concluded that despite their
mothers, infants, families, and society  vent preterm birth.™” recommendations, there continued to be
both medically and financially. Dol 17-alpha Hydroxyprog cap-  underutilization of 170HP-C” Tt is
costs due to prematurity in the United  roate (170HP-C), a synthetic progesto-  important to emphasize that the FDA N = 106 (25%) < 35 weeks N = 206 (23%) < 35 weeks
Statesin 2006 were estimated tobe > 526 gen, is the first and only agent to date  approval of 170HP-C was under a reg- | |
billion.! Moreover, the wnsequences of  approved for marketing by the US Food  ulatory pathway (Subpart H of the FDA | |
prematurity include long-term neurs-  and Drug Administration (FDA) for  Code of Regulations) used when the | | I I
logical complications due to immaturity  prevention of recurrent preterm birth.'”  decision is made on the basis of a sur-
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quently, development of interventions to  as colkagues”  publis in 2003, gestation in this case—and was deem, 5 L = o i £5
Following FDA approval, the American  to require further studies.”® In fact, N = 66 {62} N=27 (25} N=13 {12) N =182 (61) N=80 (2?] N =34 {11}
Congress of Obstetricians and Gynecol-  another placebo-controlled rand omized
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ogists and the Society for Maternal-Fetal
Medicine (SMFM) endorsed use of
170HP-C for prevention of recurrent
preterm birth in  singleton  gesta-
tions."""* Most recently ( January 2017),
the SMFM Publications Committes
recommended 170HP-C be used for

prevention of recurrent preterm birth

trial of 170HP-C is in progress in the
United States and elsewhere with the
FDA-preferred primary endpoint of de-
livery 35 weeks' gestation. Details of
this ongoing trial titled, "Confirmatory
Study of 17F Versus Vehicle for the
Prevention of Preterm Birth in Women
with a Previous Singleton Spontaneous

MONTH 2017 American Journal of Obstetrics & Gynecology 1.81

Methods and results of before/after prospective observational trial of efficacy of 17-alpha hydroxyprogesterone caproate (OHPC) performed at
Parkland Hospital.
BM1, body mass indes; PROM, pramature rupture of membrangs,

Nelson DB, Mcintire DD, Leveno KJ. Reply. Am J Obstet Gynecol

2018;219:218-220.
Nelson et al. AJOG. June 2017
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Recurrence risk for preterm delivery

Julie McManemy, MD:; Ednn Cooke, MPH: Erol Amoan, MD; Terry Leet, PhD FI E U H E 1

L Preterm delivery risk for third births in cohorts 1-4

OBJECTIVE: To estimate recurrence risk of pretem delivery in thind — (1enmytzem). The recurrence risk was highest (57
[prior moderate prebem deliverie

birs.

STUDY DESIGN: We conducted 2 papulation-based cohort study af : ; oy Y O o

Missouri mathers who delivered 3 conseculive singletan live biths | o3 Lmﬁp.ormm Ko7 wromes Wi 1 prios very i rodecats 100
during 19891997 The recumrence risk was compuled for 4 cohors pretiTm dellvery.

based on prior predem delivery stais and adjusted using Mantel-  CONCLUSIOM: These data show a sirong association between prior
Haenszel siratified analysis. peeterm delivery and recurmence risk, which is afiecked by the fre
quency, order, and severity of priar presenm bisths.

RESULTS: The siudy population included 19,025 third births. The re
currence risk ranged from 42% (for women with 2 prior preterm deliv- — Key words: gesiational age at delivery, prematurity, preterm delivery,
eries), through 21% (termfpreienm) and 13% (pretermem), 1o 5%  recurrence, risk factors

80

risk (%)

Cite this article s MeManesy J, Cocke E, Amea E, Lest T. Recurrence risk for peeterm Selivery. Am J Obstel Gymecel 2007, 106-576.61-676.67.

-

Pu:h.'uu delivery is the leading cause

of mosbidity and mortality in new-

borns."* Premature infants are prone to
developmental and cognitive abnormal-
ities. Infants who deliver ar earlier gesta-
tions incur bonger length of stays in the
hospital and higher health care costs.
Furthermore, the incidence of preterm
delivery has significantly increased. In
the United States, the risk for preterm
birth |

7 weeks of gestation) steadily
increased from 1992 to 20027 In 2003,
12.1% of live births in the Unived

From the Department of Pediatrics,

nt Louis University (Drs
McManemy and Lect and Ms Coakel; and
the Department of Obstetrics, Gynecalagy,
and Women's Health, Saint Louis

Schaal of Medicine { Drs Amon

and Leet ), St Louis, MO,

nd
1@-21,

1. 28,

States are borm preterm. This concern-
ing trend is & major public health issue
and has led to the recommendation in
Healthy People 2010 to decrease the
risk of preterm delivery to less than
7.6% of live births*

Pre

us studies have shown that prior
preterm delivery co
risk of recurrent preterm delivery in sub-
sequent pregnancies.*" Evidence from
populstion-based studies regarding the
risk of recurrent preterm delivery in
multiparous women is lrgely limited to
first and second pregnancies, with insuf-
ficient data relating o gestarional
age.™ ittle is known about the risk
ofa third preterm delivery. Bakdkete
al** found that the risk of preterm deliv-
ery in the third birth was similar to the
risks for a second preterm delivery. They
also demonstrated that the risk of a third

fers an increased

preterm baby was high (28%) when the
first and second births were preterm;
however, that study did not determine if
the risk of a third preterm baby was mod-
ified b

delive

estational age of prior preterm
s, Other studies delineating the
risk of recurrent preterm labor in third
and subsequent pregnancies were lim-
ited 1o hospital-based studies, which
may not be g lizable o the gen
population *'*

Orur obje
of preterm delivery in third birth and o
determine if the risk is was modified by

ral

ive was to evaluate the risk

576.61 Amesican Journal of Dbstelrics & Gynecelogy JUNE 2007

frequency, severity, and order of prior
ries. We lhypothesized

that a history of previous preterm deliv-
ery would confer an increased risk of
preterm delivery in third birth and that
the risk of preterm delivery would in-
crease with decreasing gestational age of
prioe births.

MATERIALS AND METHODS

We conducted a population-based co-
hort siudy of preterm births in multipa-
eous worsen. The study population was
obtained from the Misouri maternally
linked cohort, which links sibling birth
et
identifiers ™ The study population in-

cate data to coming aternl

cluded all mothers who were residents of
Missousi and who delivered 3 consecu-
tive singleton live births [ =20 weeks ges-
tation) during 1989-1997_ The study was
restricted to this 9-year period because
the clinical estimate of gestational age at
delivery was first recorded on the Mis-
souri birth certificate in 1989 and the Last
year of available data for this cohort was
1997, Mothers with multiple gestations
were excluded from the study, 1o eimi-
nate nonindependent evenis. Mothers
with missing information regarding ges-
tational age at delivery or other potential

risk factors (listed below) were excluded
from our sample.

Preterm delivery

&0

40 1

20 -

21

S S

Prior preterm delivery status.

-
e
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Recurrence of Preterm Birth in Singleton and Twin

Pregnancies

Steven L. Bloom, sn, Nicole P. Yost, mp, Donald D. McIntire, phn, and Kenneth J. Leveno, Mp

OBIECTIVE: To assess recurrence of preterm birth and its
impact on an obstetric population.

METHODS: Women with consecutive births at our hospital
beginming with their first pregnancy were identified (n =
15,945). The first pregnancy was categorized as delivered
between 24 and 34 weeks' gestation or 35 weeks or beyond,
singleton or twin, and spontaneous or induced. The risk of
preterm delivery in these same women during subsequent
preg des was then analyzed.

RESULTS: Compared with women who delivered a single-
ton at or beyond 35 weeks' gestation i their first preg-
nancy, those who delivered a singleton before 35 weeks
were at a significant increased risk for recurrence (odds
ratio [OR] 5.6, 9500 confidence interval [CI] 4.5, 7.0j,
whereas those who delivered twins were not (OR 1.9, 95%
CI0.46, 8.14). The OR for recurrent spontancous preterm
birth presenting with intact membranes was 7.9 (9500 CI
5.6, 11.3) compared with 5.5 (95% CI 3.2, 9.4) with ruptured
membranes. Of those women with a recurrent preterm
birth, 44 delivered within 1 week of the gestational age of
their first delivery and 70% delivered within 2 weeks.
Among 15,863 nulliparous w omen with singleton births at
their first delivery, a history of preterm birth in that preg-
nancy could predict only 10% of the preterm births that
ultimately occurred in the entire obstetric population.
GCONCLUSION: In a population-based study at our hospital,
women who initially delivered preterm and thus were
identified to be at risk for recurrence ultimately accounted
for only 10% of the prematurity problem in the cohort.
(Obstet Gynecol 2001:98:370-85. & 2001 by the Ameri-
can College of Obstetricians and Gynecologists.)

A history of a prior preterm birth is generally accepeed to
be a sigmficant risk factor for recurrence in a fiure
pregnancy. With the recent advene of wess designed wo
improve the identificadon of women at risk for preterm
delivery, the risk associared with history alone may
become inappropriately minsmized. In a recent mult-

From the Department of Obsteirics and Gymeonlogy, University of Tevas South-
weeitern Medbon! Center, Dialls, T,

VOL. 98, NO. 3, SEFTEMEER 2001

& 2001 by The American College of Obstetricians and Gynecologists. Published by Elsevier Sclence Inc.

ceneer mvestganon, for example, the odds ranos (OR)
for preserm birth less than 35 weeks' gestation associated
with markers of preterm delivery such as detection of
feral fibronecun in cervical secrenons (OR 5.2), ultra-
sonic shortening of the cervix (OR 4.1), and colonizanon
of the genital trace with bacterial vagmosis (OR 1.3) were
all lower than the risk of recurrence based solely upona
history of prior precerm birth (OR 5.8).°

Although a general, nonspecific istory of preserm
birth is accepeed w0 be a risk factor for recurrence, there
is litle information on the recurrence risk for specific
types of prior precerm deliverics.” Morcover, given the
recent increase in twin gestations,” it is unclear if sponea-
neous precerm delivery of ewins modifics a woman's risk
for a subsequent precerm bireh. Seared differendy, doesa
history of a spontancous preterm twin delivery convey
the same nisk for recurrence as does a history of a
sponeanects preterm singleton delivery? Lastly, what is
the contribunon of women with recurrent preterm deliv-
ery wo the overall problem of prematurity m an obstetric
population?

Since 1988, we have collected mformation on preg
nancy ouscomes for all women delivering at our insdr-
ton. With over 10 years of compurerized da mvolving
nearly 170,000 women, many of whom with more than
one delivery at our hospital, we had the opportunity o
analyze the reproductve histories of a cohore of over
15,000 women beginming with their firse delivery and
mcluding all subscquent consecutnve pregnancics. The
purpose of this analysis was to measure the risk of
recurrent preterm birth based on 1) whether the firse
delivery was a preterm singleton or swin, 2) the labor was
spontancous or induced, 3) the dming of recurrence, and
4) the overall consribution these women made to pre-
term births in the smdy cohore,

MATERIALS AND METHODS

‘Women with consecutsve pregnancies, beginning with
their firse birth, and who were delivered at our hospatal
between January 1, 1988, and December 31, 1999, were
wdennficd using a computerized database. This dawbase
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OBSTETRICS

17-alpha Hydroxyprogesterone caproate did not reduce the
rate of recurrent preterm birth in a prospective cohort study
David B. Nelson, MD; Donald D. Mcintire, PhD; Jeffrey McDonald, PhD; John Gard, PharmD; Paula Turrichi, BSBA, MS;

Kenneth J. Leveno, MD

BACKGROUND: 17-apha Hydroyprogesterone  caproate  for
p ion of birfh is ded for use in the United
Stites

The overall raie of recument preferm birh was 25% (N = 106) for fie
enfire cohort compared to e 16.8% expected rate (P = 10). The 3
secondary oucomes were also negative. First, 17-alpha hydrox-

OBJECTIVE: We sought toassess the dinical of 17-alpha
hydroyprogesierone caproate to prevent recument preterm birth <35

-aproate did not signi reduce fhe rates of recumence
regardless of prior preferm birth number or sequence. Second, plasma

wiesks compared to similar birfis in our obstetnic prior 1 the
i of 17-alpha hy aprodte.

STUDY DESIGN: This was a prospective cohort study of 17-alpha
hydroyprogesierone caproate in our obstetric population. The primary
outcomewas the recumence of birfh < 35 weeks for the entire study cohort
compared to a historical referent rake of 16.8% of recument preterm birth
in our populafion. There were 3 secondary ouicomes. First, did 17-alpha
hydroxyprogesierone caproate modify a woman's hisiory of preterm birth
wihen taking into account her prior number and sequence of preterm and
temm births? Second, was recurmence of preterm birth related to 17-alpha
Third, was duration
of pregnancy modified by 17-alipha hydroxyprogesterone caproate treat-
ment compared to a prior preterm birth?

RESULTS: From January 2012 frough March 2016, 430 consecutive
women with prior birhs <35 weels were treaged with 17-alpha
hydroyprogesierone caproate. Mearly two thirds of the women N =
267) began injections < 18 weeks and 394 92%) received a scheduled
weskly injecfion wifhin 10 days of reaching 35 weeks or ddlivery.

hye proate plasma

of 17-dpha My caproate were nat
different (P = .17 at 24 weeks; P = .38 at 32 weeks) between women
defivered <35 weeks and those delivered later in pregnancy. Thind, the
mean (+50) interval in wesds of recument preterm birh before 17-alpha
hydroxyprogesterone caproate use was 0.4 £ 5.3 wedks and the inierval
of recurent pretem birfh after 17-alpha hydroxyprogesterone caproaie
treatment was 0.1 + 4.7 weeks (P = B3). A side effect of weskly 17-
aipha hydroxyprogesierone caproaie injections was an increase in
ional diabetes. 3 the rate of i disbetes was
134% in 17-alpha hydroxyprogesierone caproate—treated women
compared to 8% in case-matched controls (P= 001).
CONCLUSION: 17 -alpha Hydrowyprogesterone caproaie was ineffec-
five for prevendion of recumrent preterm birth and was associaied wifh an
increased rate of gestational diabetes.

Key words: cfficacy, extemal validity, gestetional disbetes, neonatal
morbidity, ity, preterm birth,
randomized trial

TABLE 2
Obstetric history of 430 women with births <35 weeks and recurrence rates after 17-alpha hydroxyprogesterone
caproate treatment compared to historical cohort of 5787 women with prior preterm birth at Parkland Hospital

Introduction

Prevention of preterm birth is a major
focus in obstetrics due to the burden of
neonatal morbidity and mortality on
mothers, infants, families, and society
both medically and financially. Dollar
costs due to prematurity in the United
States in 2006 were estimated to be > $26
billion.' Moreover, the wmnsequences of
prematurity include long-term neuro-
logical complications due to immaturity
related injuries to the brain” Conse-
quently, development of interventions to

(Cite this arficle as: Nelon D8, Mclmira 00, McdDonsid ),
at & 17-gpha Hydogyprogeseons caprosie did
ot mdue fie =i of recumnt peEm bith 0 2
prospecte cohort sudy. Am J Ostet Gymecol
201 Tavolume: xen-x B
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reduce the rate of preterm birth have
been emphasized in the United States for
several decades. A recent example is the
widespread use of progestogens to pre-
vent preterm birth.™”

17 alpha Hydroxyprog cap-

and that vaginal progesterone should not
be considered a substitute for 170HP-
C."” The SMFM Publications Commit-
tee also concluded that despite their
recommend ations, there continued to be
underutilization of 170HP-C." Tt is

roate (170HP-C), a synthetic progesto-
gen, is the first and only agent to date
approved for marketing by the US Food
and Drug Administration (FDA) for
prevention of recurrent preterm birth. 1
This approval stems from a trial by Meis
and colleagues’ published in 2003,
Following FDA approval, the American
Congress of Obstetricians and Gynecol-
ogists and the Society for Maternal-Fetal
Medicine (SMFM) endorsed use of
170HP-C for prevention of recurrent
preterm birth in  singleton  gesta-
tions."""* Most recently ( January 2017),
the SMFM Publications Committee
recommended 170HP-C be used for

prevention of recurrent preterm birth

important to emphasize that the FDA
approval of 170HP-C was under a reg-
ulatory pathway (Subpart H of the FDA
Code of Regulations) used when the
decision is made on the basis of a sur-
rogate end point—delivery <37 weeks of
gestation in this case—and was deemed
to require further studies.' In fact,
another placebo-controlled rand omized
trial of 170HP-C is in progress in the
United States and elsewhere with the
FDA-preferred primary endpoint of de-
livery 35 weeks' gestation. Details of
this ongoing trial titled, "Confirmatory
Study of 17F Versus Vehicle for the
Prevention of Preterm Birth in Women
with a Previous Singleton Spontaneous

MONTH 2017 American Journal of Obstetrics & Gynecology 1.81

No 170HP-C 170HP-C treated
Historical cohort Recurrence
Prior birth <35 wk recurrence rate” No. of women No. of women Rate Pvalue”
Overall 16.8% 430 106 25% 1.0
Para 1 18% 141 44 31% 1.0
Para 2
Both <35 wk 43% 48 20 42% A9
Only second birth <35 wk 17% 52 11 21% .84
Only first birth <35 wk 11% 39 2 5% 18
Para =3
All <35 wk 45% 27 12 44% .56
Other sequences of <35 wk 12% 123 17 14% ]

170HP-C, 17 -alpha hydroxyprogesterone cap

2 Derived from Parkland obstetric population for 1988 through 2011 prior to introduction of 170HP-C; ® Pvalues are 1-sided.
Nelson et al. Lack of effectiveness of 170HP-C in prevention of recurrent preterm birth. Am J Obster Gynecol 2017.

Nelson et al. AJOG. June 2017
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OBSTETRICS

17-alpha Hydroxyprogesterone caproate did not reduce the
rate of recurrent preterm birth in a prospective cohort study
David B. Nelson, MD; Donald D. Mcintire, PhD; Jeffrey McDonald, PhD; John Gard, PharmD; Paula Turrichi, BSBA, MS;

Kenneth J. Leveno, MD

BACKGROUND: 17-apha Hydroyprogesterone  caproate  for

The overall raie of recument preferm birh was 25% (N = 106) for fie
enfire cohort compared to e 16.8% expected rate (P = 10). The 3
secondary oucomes were also negative. First, 17-alpha hydrox-

reduce the rates of recurrence
regardless of prior preferm birth number or sequence. Second, plasma

p birfh is ded for use in the United

Stites

OBJECTIVE: We sought toassess the dlinical i of 17-alpha -aproate did not signi
hydroyprogesierone caproate to prevent recument preterm birth <35

wiesks compared to similar birhs in our obstetric on prior 1 the of 17-apha hy

i of 17-alpha hy aprodte.

STUDY DESIGN: This was a prospective cohort study of 17-alpha
hydroyprogesierone caproate in our obstetric population. The primary
outcomewas the recumence of birfh < 35 weeks for the entire study cohort
compared to a historical referent rake of 16.8% of recument preterm birth
in our populafion. There were 3 secondary ouicomes. First, did 17-alpha
hydroxyprogesierone caproate modify a woman's hisiory of preterm birth
wihen taking into account her prior number and sequence of preterm and
temm births? Second, was recurmence of preterm birth related to 17-alpha
Third, was duration
of pregnancy modified by 17-alipha hydroxyprogesterone caproate treat-
ment compared to a prior preterm birth?

RESULTS: From January 2012 frough March 2016, 430 consecutive
women with prior birhs <35 weels were treaged with 17-alpha
hydroyprogesierone caproate. Mearly two thirds of the women N =
267) began injections < 18 weeks and 394 92%) received a scheduled
weskly injecfion wifhin 10 days of reaching 35 weeks or ddlivery.

hye proate plasma

caproate were nat
different (P = .17 at 24 weeks; P = .38 at 32 weeks) between women
defivered <35 weeks and those delivered later in pregnancy. Thind, the
mean (+50) interval in wesds of recument preterm birh before 17-alpha
hydroxyprogesterone caproate use was 0.4 £ 5.3 wedks and the inierval
of recurent pretem birfh after 17-alpha hydroxyprogesterone caproaie
treatment was 0.1 + 4.7 weeks (P = B3). A side effect of weskly 17-
aipha hydroxyprogesierone caproaie injections was an increase in

ional diabetes. 3 the rate of i disbetes was
134% in 17-alpha hydroxyprogesierone caproate—treated women
compared to 8% in case-matched controls (P= 001).
CONCLUSION: 17 -alpha Hydrowyprogesterone caproaie was ineffec-
five for prevendion of recumrent preterm birth and was associaied wifh an
increased rate of gestational diabetes.

Key words: cfficacy, extemal validity, gestetional disbetes, neonatal
morbidity, ity, preterm birth,
randomized trial

TABLE 2
Obstetric history of 430 women with births <35 weeks and recurrence rates after 17-alpha hydroxyprogesterone
caproate treatment compared to historical cohort of 5787 women with prior preterm birth at Parkland Hospital

Introduction

Prevention of preterm birth is a major
focus in obstetrics due to the burden of
neonatal morbidity and mortality on
mothers, infants, families, and society
both medically and financially. Dollar
costs due to prematurity in the United
States in 2006 were estimated to be > $26
billion.' Moreover, the wmnsequences of
prematurity include long-term neuro-
logical complications due to immaturity
related injuries to the brain” Conse-
quently, development of interventions to

(Cite this arficle as: Nelon D8, Mclmira 00, McdDonsid ),
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ot mdue fie =i of recumnt peEm bith 0 2
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reduce the rate of preterm birth have
been emphasized in the United States for
several decades. A recent example is the
widespread use of progestogens to pre-
vent preterm birth.™”

17 alpha Hydroxyprog cap-

and that vaginal progesterone should not
be considered a substitute for 170HP-
C."” The SMFM Publications Commit-
tee also concluded that despite their
recommend ations, there continued to be
underutilization of 170HP-C." Tt is

roate (170HP-C), a synthetic progesto-
gen, is the first and only agent to date
approved for marketing by the US Food
and Drug Administration (FDA) for
prevention of recurrent preterm birth. 1
This approval stems from a trial by Meis
and colleagues’ published in 2003,
Following FDA approval, the American
Congress of Obstetricians and Gynecol-
ogists and the Society for Maternal-Fetal
Medicine (SMFM) endorsed use of
170HP-C for prevention of recurrent
preterm birth in  singleton  gesta-
tions."""* Most recently ( January 2017),
the SMFM Publications Committee
recommended 170HP-C be used for

prevention of recurrent preterm birth

important to emphasize that the FDA
approval of 170HP-C was under a reg-
ulatory pathway (Subpart H of the FDA
Code of Regulations) used when the
decision is made on the basis of a sur-
rogate end point—delivery <37 weeks of
gestation in this case—and was deemed
to require further studies.' In fact,
another placebo-controlled rand omized
trial of 170HP-C is in progress in the
United States and elsewhere with the
FDA-preferred primary endpoint of de-
livery 35 weeks' gestation. Details of
this ongoing trial titled, "Confirmatory
Study of 17F Versus Vehicle for the
Prevention of Preterm Birth in Women
with a Previous Singleton Spontaneous

MONTH 2017 American Journal of Obstetrics & Gynecology 1.81

No 170HP-C 170HP-C treated
Historical cohort Recurrence
Prior birth <35 wk recurrence rate” No. of women No. of women Pvalue”
Overall 16.8% 430 106 1.0
Para 1 18% 141 44 1.0
Para 2
Both <35 wk 43% 48 A9
Only second birth <35 wk 17% 52 .84
Only first birth <35 wk 11% 39 18
Para =3
All <35 wk 45% 27 .56
Other sequences of <35 wk 12%

170HP-C, 17 -alpha hydroxyprogesterone caproate.

2 Derived from Parkland obstetric population for 1988 through 2011 prior to introduction of 170HP-C; ® Pvalues are 1-sided.
Nelson et al. Lack of effectiveness of 170HP-C in prevention of recurrent preterm birth. Am J Obster Gynecol 2017.
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FIGURE 2

17 OHP-C plasma concentration
measured at 24 and 32 weeks
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Recurrent preterm births according to 17-alpha
hydroxyprogesterone caproate
plasma drug concentrations measured at 24
and 32 weeks’ gestation. Data are shown as
median for treated women delivered <35 weeks
(shaded) and >35 weeks (not shaded) on

therapy.
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FIGURE 3

Duration of pregnancy in women
delivered < 35 weeks with 17
OHP-C treatment
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Duration of pregnancy in women delivered <35
weeks on 17-alpha hydroxyprogesterone cap-
roate (17 OHP-C) compared to similar women
with recurrent preterm births from 1988 through
2011 but untreated with 17 OHP-C.
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Recurrent spontaneous preterm birth risk is
not associated with 17-alpha hydroxyprogesterone
caproate levels

Katheryne L. D:)wnes', Raman Venkataramananz, Steve Caritisz,
Michal A. Elovitz'

"University of Pennsylvania, Philadelphia, PA, *University of Pittsburg,
Pittsburg, PA

OBJECTIVE: A 2003 randomized clinical trial demonstrated efficacy of
17-alpha hydroxyprogesterone caproate (170HPC) in reducing
recurrent spontaneous preterm birth (sPTB) (Meis et al NEJM).
However, a recent large observational study failed to demonstrate a
benefit from 170HPC use (Nelson et al, AJOG 2017) and no dif-
ference in 17OHPC levels. Some studies suggest that inadequate
17POHPC exposure may be the cause of reduced efficacy of the
drug. In a large cohort, we sought to assess if 170HPC levels were
associated with recurrent sPTB.

STUDY DESIGN: A prospective cohort of high risk women (The
PRoMISE study) enrolled women with a documented prior sPTB
(16-36 weeks). Biospecimens were collected at 2 time points: 16-20
weeks (prior to starting 17P) and 8 weeks later. Maternal blood was
drawn at the 2™ visit for 170HPC and progesterone levels. 17-
OHPC and progesterone were measured using validated HPLC-MS-
MS method. (The standard curve was linear over a concentration
range of 1-200ng/ml. The CV of this assay is <10%. Fisher exact and
Wilcoxon-rank sum tests were used to complete univariate com-
parisons. 170HPC level was log transformed for regression analysis.
Relative risk of sPTB was estimated using modified Poisson

regression adjusting for number of prior 2™ trimester losses
and sPTB, cerclage, race, earliest GA at prior preterm birth and
obesity.

RESULTS: Out of 255 women, the overall rate of sPTB was 22.3% and
was not significantly different between women who did and did not
receive 170HPC (24.9% vs. 17.1%, p=0.20). Among 140 women
receiving 17P, the median and interquartile range of plasma levels
was 11.5 (7.7-16.5), and in univariate analysis was not significantly
different in those having a term or sPTB delivery (median 11 vs. 12,
p=0.20). Progesterone levels were also similar between the groups.
170HPC levels were also not different by GA at earliest prior PTB
After adjusting for covariates, increasing levels of 170HPC were
associated with higher risk of sPTB (RR=1.55, 95% CI: 1.02-2.34,
p=0.04).

CONCLUSION: These findings suggest that higher 170PHC levels are
not associated with lower rates of recurrent SPTB and that
higher levels may actually increase the risk. Future clinical trials
should be performed to determine if 170PHC is an effective ther-
apeutic strategy to reduce recurrent sPTB. (Penn Precision Medicine
Grant)

30-

20+

170HPC ng/mL

&

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

2018,218:5422-3.
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e | Table 2 Obstetrical outcomes
Original Article

17-0HPC Placebo RR (95% CI)
17-OHPC to Prevent Recurrent Preterm Birth in Singleton n=1,130 n=578

Gestations (PROLONG Study): A Multicenter, Number assessed for outcome, 1,113 574
International, Randomized Double-Blind Trial PTB < 35%7 wk? 122 (11.0) 66 (11.5)

Sean C. Blackwell, MD'  Cynthia Gyamfi-Bannerman, MD, M52 Joseph R. Biggio |r., MD?

Suneet P. Chauhan, MD'  Brenna L. Hughes, MD*  Judette M. Louis, MD® Tracy A. Manuck, MD®
Hugh 5. Miller, MD”  Anita F. Das, PhD®  George R. Saade, MD® Peter Nielsen, MD'  Jeff Baker, MD'! Indicated 28 (2_5} 14 {24]
Oleksandr M. Yuzko, MD, PhD'?  Galyna |. Reznichenko, MD, PhD'3  Nataliya Y. Reznichenko, MD, PhD™?
Oleg Pekarev, MD, PhD'  Nina Tatarova, MD, PhD'®  |ennifer Gudeman, PharmD1®

Robert Birch, PhD'?  Michael ). jozwiakowski, PhD'®  Monique Duncan®  Laura Williams, MD, MPH®
Julie Krop, MD1®

0.95 (0.71-1.26)

Spontaneous 93 (8.4) 51 (8.9)

0.93 (0.67-1.30)
1.03 (0.55-1.93)

Number assessed for outcome, N1 1,112 572

PTB < 37%7 wk 257 (23.1) 125 (21.9) 1.06 (0.88-1.28)

1Dep § Dibstetrics, Gynecol d Sciences,  Address for correspondence Sean C. Blackwell, MD, Department of _
McGaver Medical Schaal-UTHeatth, Houstan, Texas. | Obstetrics, L'.)'ner.nl’ml_:_v. and k:;rldmiice Siences, McCavern Spﬂ ntaneous 209 “ 8 3] 98 “ 7.1 ) 1.10 (n 88-1 36}
2 Division of Maternal-Fetal Medicine, Department of Obstetrics and Medical School-UTHealth, 6431 Fannin, M5B 3286, Houstan, TX .

Cyneenlogy, Calumbia University Irving Medieal Center, New Yark, 77030 (e-mail: Sean blackwell@uth tme_edu). Indicated 46 (4_1 } 26 {45:} 0.91 (U.S?—] 45}
New York

35ection of Maternal Fetal Medicine, Women's Services, Ochsner e

e MohcriEmmchpam ek ke Number assessed for outcome, N1 1,116 574 0.92 (0.60-1.42)
43 riment o) Qbsieirics and G Y Duke University. Medical University, Chemivsi, Ukraine T

SDepartes e e and Gymecology, University of South 13 Department af Obstetrics and Gynecelogy, Clinical Maternity PTB < 327" wk 54 (4.8) 30 (5.2)

Flovida, Tampa, Florida Hospital # 4, Zaporizhzhya, Uksaine
B Division of Maternak-Fetal Medicine, Department of Obstetrics and 14 Department of Obstetrics and Gynecolagy, State Governme nt:-fnanced SPU ntaneous 38 [3 4} 22 {3 . 3]

Healthcare Institution of Novosibirsk Region, Novosibirsk, Russia

0.88 (0.52-1.48)

Cynecology, University of North Carolina, Chapel Hill, North Carolina

7Walley Perinatal Services, Watching Over Mothers and Babies
Foundation, Tucsan, Arizana

B Das Consulting, Guerneville, California

9Department of Obstetrics and Gynecology, University of Texas
Medical Branch, University of Texas, Galvestan, Texas

10 pivisian of Maternal Fetal Medicine, Department of Obstetrics and

Gynecalagy, Baylor College of Medicine and The Children's Hospital
of San Antanio, San Antonio, Texas

15 Department of Obstetrics and Gynecology, Saint-Petersburg
Government-financed Healthcare Institution “Matemity Hospital
#17." Saint-Petersburg, Russia

16 AMAG Phan ticals, Inc, Medical Devel ‘Waltham,
Massachusetts

17 Formerly at AMAG Pharmaceuticals, Inc, Medical Development
Waltham, Massachusetts
1B |azwiakowski Pharma Consulting LLC. Santa Fe, New Mexico

Indicated
Cerclage
Preterm labor®

15 (1.3)
6 (0.5)
187(16.5)

7(1.2)
7(1.2)
84 (14.5)

1.11 (0.46-2.63)
0.44 (0.15-1.32)
1.14 (0.90-1.44)

Tocolysis 134 (11.9) 63 (10.9) 1.09 (0.82-1.44)
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Abstract Background Women with a history of spontaneous preterm birth (SPTB) are at a Antenatal corticosteroid thera Py 105 {9‘3) 61 “ 0'6) 0.88 (U‘ 65-1 '20}

Keywords significantly increased risk for recurrent preterm birth (PTE). To date, only one large U.5. Maternal GDM 35 (3‘ 1 } 21 (36} 0.91 (0 54-1 54}

- 17-P clinical trial comparing 17-0HPC (17-o-hydroxyprogesterone caproate or " 17P7) to placebo

= 17-HPC has been published, and this trial was stopped early due to a large treatment benefit. PrEEClaI‘I‘IpSia a7 (4‘2} 30 (5‘2] 0.86 {0‘51 -1 .45}

= 17-OHPC Objective This study aimed to assess whether 17-OHPC decreases recurrent PTB and

- 17-hydraxypro- neonatal morbidity in women with a prior SPTE in a singleton gestation. Choricamnionitis g {U-S) 2 {0.3} 2.24 {0‘48_10‘4":}
gesterone caproate Study Design This was a double-blind, placebo-controlled international trial involving

- progestogens women with a previous singleton SPTB (clinicaltrials.gov: NCT 01004029). Women were Abru ptign 16 [] .4} 4 {0.?} 2.04 {0‘59_6.06}

= preterm birth enrolled at 93 clinical centers (41 in the United States and 52 outside the United States)

- recurrent preterm between 16%7 to 2057 weeks in a 2:1 ratio, to receive either weekly intramuscular (IM) Cesarean d'EliU’Ery 292 (25_8] 140 {24‘2} 1.07 (nlgﬂ_] ‘2?}
birth injections of 250 mg of 17-0OHPC or an inert oil placebo; treatment was continued wntil

spontaneous preterm  delivery or 36 weeks. Co-primary outcomes were PTB <35 weeks and a neonatal
birth morbidity compaosite index. The compaosite included any of the following: necnatal

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
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= 17-HPC has been published, and this trial was stopped early due to a large treatment benefit.

= 17-OHPC Objective This study aimed to assess whether 17-OHPC decreases recurrent PTB and
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neonatal morbidity in women with a prior SPTE in a singleton gestation.

Study Design This was a double-blind, placebo-controlled international trial involving
women with a previous singleton SFTE {clinicaltrials.gov: NCT 01004029). Women were
enrolled at 93 clinical centers (41 in the United States and 52 outside the United States)
between 16%7 to 2057 weeks in a 2:1 ratio, to receive either weekly intramuscular {IM)
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Table 3 Neonatal outcomes—live-born neonatal population

17-0HPC
n=1,093

Placebo
n=>559

RR (95% Cl)

Composite neonatal morbidity and mortality index®
Meonatal deat

Bronchopulmonary dysplasia

Respiratory distress syndrome

Mecrotizing enterocolitis

IVH, grade 3 or 4

Proven sepsis

MICU admission

Birth weight (g)

TN

Mumber of neonates on ventilator support/receiving
supplemental oxygen

PDA
ROP
Meonatal LOS (for those admitted to the NICU) (d)

61 (5.6)
6 (0.5)

6 (0.5)

54 (4.9)

2(0.2)

2(0.2)

5(0.5)

137 (12.5)
3,076.6 + 630.0
37 (3.4)

130 (11.9)

4(0.4)
5 (0.5)
18.6+20.4

28 (5.0)
3(0.5)
1(0.2)
26 (4.7)
2 (0.4)
1(0.2)
3(0.5)
58 (10.4)
3,080.1+609.2
11 (2.0)
54 (9.7)

4(0.7)
7(1.3)
233245

1.12 (0.72-1.72)
0.98 (0.24-3.91)
3.02 (0.38-24.1)
1.06 (0.67-1.68)
0.5 (0.07-3.40)
0.99 (0.09-10.52)
0.84 (0.20-3.56)
1.21 (0.90-1.62)
NA

1.72 (0.89-3.33)
1.23 (0.91-1.67)

0.53 (0.14-2.06)
0.37 (0.12-1.16)
NA

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
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United States Food and Drug Administration, 2019

U.S. FOOD & DRUG

ADMINISTRATION

FDA Briefing Document
NDA 021945
Hydroxyprogesterone Caproate Injection
(trade name Makena)

Bone, Reproductive, and Urologic Drugs Advisory Committee
(BRUDAC) Meeting
October 29, 2019
Division of Bone, Reproductive, and Urologic Products
Office of Drug Evaluation 111
Office of New Drugs

Division of Biometrics I11
Division of Biometrics VII
Office of Biostatistics
Office of Translational Sciences

Division of Epidemiology 11
Office of Surveillance and Epidemiology

Center for Drug Evaluation and Research

80

4 Overall

Endpoint Diff  Diff ¢ CMH

Subgroup Makena Placebo CMH SHR ¢ SHR
Neonatal Index (%) 54 52 02 TR

1(933, 478) 46 8 & o oy

>1 (158, 80) 10.1 88 17 05 —
PTB<35 Weeks (%)  11.0 115 -06 il G

1(949, 491) 8.4 104 20 09 e

>1 (164, 81) 256 5 72 12 : .

| | | | [ | | |

20 <2 -k = 0 g W T 2
Favoring Makena e Favoring Placebo

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.
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United States Food and Drug Administration, 2019

U.S. FOOD & DRUG

ADMINISTRATION

FDA Briefing Document
NDA 021945
Hydroxyprogesterone Caproate Injection
(trade name Makena)

Bone, Reproductive, and Urologic Drugs Advisory Committee
(BRUDAC) Meeting
October 29, 2019
Division of Bone, Reproductive, and Urologic Products
Office of Drug Evaluation 111
Office of New Drugs

Division of Biometrics I11
Division of Biometrics VII
Office of Biostatistics
Office of Translational Sciences

Division of Epidemiology 11
Office of Surveillance and Epidemiology

Center for Drug Evaluation and Research

81

4 Overall
Endpoint Diff Diff ¢ CMH
Subgroup Makena Placebo CMH SHR ¢ SHR
——
Neonatal Index (%) 54 9.2 0.2
US (252, 126) 7.1 95 -22 -02 *
Non_US (839, 434) 4.9 3.9 1.0 0.6 o
—_—
PTB=<35 Weeks (%) 11.0 115 -06
US (256, 131) 15.6 176 22 -08
Non_US (857, 443) 96 97 -02 04 ——
| | I | I |
-15 -10 -5 0 5 10 15

Favoring Makena ) Favoring Placebo

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.
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United States Food and Drug Administration, 2019

U.S. FOOD & DRUG

ADMINISTRATION

4 Overall
- Endpoint Diff Diff % CMH
FDA Briefing Document Subgroup Makena Placebo CMH SHR ¢ SHR
NDA 021945
Hydroxyprogesterone Caproate Injection Neonatal Index (%) 54 52 02 i
(trade name Makena) Black (69, 40) 87 7.5 08 0.4 ———
Non-Black (1022, 520) 5.2 5.0 0.2 0.2 —p—
Bone, Reproductive, and Urologic Drugs Advisory Committee g al o
(BRUDAC) Meeting PTB<35 Weeks (%) 11.0 115 -06
October 29, 2019 Black (72, 41) 236 19.5 30 -01 +
Division of Bone, Reproductive, and Urologic Products Non-Black (1041, 533) 10.1 109 -08 -07 o
Office of Drug Evaluation 111
| | | I 1 | | !

Office of New Drugs
20 15 10 5 O 5 10 15 20

. .. . . Favoring Makena < Favoring Placebo
Division of Biometrics 111

Division of Biometrics VII
Office of Biostatistics
Office of Translational Sciences

Division of Epidemiology 11

Office of Surveillance and Epidemiolo
P &Y 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.

Center for Drug Evaluation and Research
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Response to 2019 FDA Advisory Committee

Society for

Maternal-Fetal SMFM Statement
Medicine
smim.org

SMFM Statement: Use of 17-alpha (0 oo o
hydroxyprogesterone caproate for
prevention of recurrent preterm birth

Society for Maternal-Fetal Medicine (SMFM) Publications Committes

In Late 2018, results from the Progestin’s Flole in Optimizing Neonatal Gestation (PROLONG) trial were
published showing no beneit of weeldy Injections of 17-alpha hydroxyprogesterone caproate (17-JHPC)
from 16-20 weeks of gestation In women with a history of a singlaton PTB in reducing the rates of
subsaquent PTB and neonatal morbidity. The Society for Maternal-Fetal Medicine believes that the

Clinical Guidance > Practice Advisory > Clinical Guidance for Integration of the Findings of the PROLONG Study: Progestin’s Role in Optimizing Neonatal Gestation differences in these resuits from the earlier Meis, et al trial, which did show a benefit of 17-OHPG in

Clinical Guidance for Integration of the Findings

of the PROLONG Study: Progestin's Role in
Optimizing Neonatal Gestation

Practice Advisory @) | October 2019

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

reducing the m of sponmﬂenus PTE {sPTE). may be at least partially explained by differences in study

meore ‘the very

ol
recument sPTE, the should

wwwww use 17-OHFC in aprofile

mpmzeﬁ in the Meds wial. For all women at risk of

a shared 0 approach,

taking into sccount the kack of short-term safety cancems but uncentainty regarding beneft.

scument spontanecus preterm birth (PTB) is a major

public health problem. The strongest predictor of PTB
is & prior spontaneous preterm birth (sPTB). sPTB recurs in
up to 50% of women, tends 1o recur at similar gestational
ages, andis mare likely torecur with an increased number of
prior sPTBs.'* Given the significant adverse outcomes.
aseociated with PTE, strategies have been developed to
aftempt to reduce the risk of recurence. One of the most
commanly employed strategies is the use of supplemental
progestogens, including  intramuscular  (IM)  17-alpha
hydroxyprogesterone caproate (17-OHPC), which was.
approved by the US Food and Drug Administration in 2011
to reduce the risk of PTB in women with a singleton preg-
nancy and with a history of singleton sPTE.

The potential effectiveness of 17-OHPC to prevent
recument sPTB lusated by Meiset al i
double-masked, randomized controlled trial of 17-0HPC vs.
placeba in 463 American women with singleton gestations.
at rigk for recurant sPTB, publiched in 2003. Thay found a
34% raduction in tha incidence of recument PTB at <37
weeks of gestation with 17-OHPC treatment (from 54 9% to
36.3%: adjusted relative risk [RR]. 0.66; 95% cunﬁden:e

sarty basad on prespacified criteria after demonstration of
efficacy at the second interim analysis: 70% of the planned
sampile was analyzed.

Data on the benefit of 17-0HPC are otherwise relatively
limited. A recent meta-analysis of 17-0HPC vs placebo or
no treatment for prevention of recurent PTB identified 4
randomized clinical trials, including Meig, and 3 smaller
studies. This meta-analysis reportsd a 29% (AR, 0.71; 85%
Cl, 0.53—-0.96; P=.001). 26% (RR. 0.74, 95% Cl, 0.58-0.96;
P=.021), and 40% [RRA, 0.60; %5% CI, 0.42—0.85; P=004)
reduction in recument PTB at <37, <35, and <32 weeks,
respactivaly, in the 17-OHPC group compared with placeba
or no treatment” In contrast, a recent historical cohort
identified no decrease in PTE rates since the introduction of
17-0HPC. Although these data are mied, they generally
support a benefit of 17-0HPC in PTE reduction.

After the Meis publication, initial guidance from the
American College of Obstetricians and Gynecologists and
the Society for Matermal-Fetal Medicine (SMFM) racom-
mended treatment with either 17-OHPC or vaginal proges-
terone to prevent recurrent PTB for women with a prior
sPTB.” Most recently. in 201? SMFM reaffirmed its

interval [C1], 0.54—0.81). The study also
nificant reductions in PTB at <35 and <32 weeks cf
gestation, in addition to significant redur:tmns in some
neonatal i
necrotizing enterocolitis, and need for supplemental oxy-
gen) in those receiving 17-0HPC. The study was stopped

et ion that gestation and
a hlatury of prior sPTB between 20 and 36 &7 weeks of
gestation receive 250-mg 17-OHPC IMweeldy starting at 16
to 20 weeks of gestation until 36 weeks of gestation or
dlivery ©

The Progestin's Role in Optimizing Neonatal Gestation
(PH.OLONG] lnal was a double-blind, placebo-controlled,
conducted from 2009 to 2016 to attermpt to

Comespancing author: Secisty for Materrts-Fetal Mecicine Publcations
Conmities. |

BiB Ly 2020

Jul;223(1):816-B18.

confirm that weskly IM injection of 250-mg 17-OHPC from
16 to 36 weeks of gestation decrsases recumznt PTE and

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
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Response to 2019 FDA Advisory Committee

Current Commentary

FEN

Re-examining the Meis Trial for Evidence of

False-Positive Results

Baha Sibai, mp, George R. Saade, smp, and Anita F. Das, o

5. Food and Drug Administration (FOA)-approved 17o-
hydroxyprogesterone  caproate  therapy is  currently
available to reduce recurrent preterm birth in the United
States. This commentary reviews the original landmark
Meis trial (“Prevention of Recurrent Preterm Delivery by
17 Alpha-Hydroxyprogesterone Caproate”), which bed o
conditional approval of 17a-hydroxyprogesterone cap-
roate by the FDA in 2011. The recent PROLONG (Proges-
tin's Kole in Optimizing Neonatal Gestation) trial failed
o confirm the original findings. The Meis trial was rigor-
ously designed and conducted, with highly statistically
significant resulis that should not be undermined by
the negative resulls of PROLONG. Given thal the United
States has among the highest preterm birth rates in the
world and that the predominant enrollment in PRO-
LONG was outside the United States, the resulis of the
“old™ Meis trial should not be summarily dismissed. 1t
would be detrimental to high-risk pregnant patients to

From ot Deparimest of Osictrics, Graceodygy, endd Repredueive Seiences,

Melasers Modiial Sobool-[THealid, Hswiion, avad ihe Depatooent of

Ostetrics end Graeolgy, Diversity of Fera Medical Branck a1 Caleston,
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imappropriately prioritize results of PROLONG over the
Maternal-Fetal Medicine Units Network's Meis  trial
{iunded by the Eunice Kennedy Shriver National Institule
of Child Health and Human Development). We asierl
PROLONG was underpowered, based on substantially
lower observed preterm birth rates than anticipated,
and therefore was a fale-negative study, rather than
the Meis trial being a false-positive study. Careful assess-
ment of these two trialks is eritical as removal of 170-
hydroxyprogesterone caproale from the LS. market-
place may have substantial effects on public health.
(Obstet Gynecol O00136:622-7)

DO TR TA CHG OMMNNNNNII5]

n 2003, Meis and colleagues from the Eunice Ken-

ey Shriver Natlonal Instiinte of Child Health and
Human Development Maternal-Fetal Medicine Units
Network published their landmark trial in the Nao
England Journal of Medicine ! This was the first rigorous,
placebo-controlled trial to demonstrate an interven-
tion reduced pretesm birth in women with a history
of spontanecus preterm birth. This finding expanded
on the results of a meta-analysis of five randomized
trials that demonstrated a 42% reduction in the rate of
recurrent preterm birth with 17a-hydroxyprogester-
o caproate.”

The Meis traal was heralded as & major advance in
the field of obstetrics and led to US. Food and Drug
Administration (FDA| approval of Makena in 2011, A
requirement by the FDA was the initiation of a second
confirmatory trial, known as FROLONG (Progestin’s
Raole in Optimizing Neonatal Gestation), which began
in 2009, PROLONG, econducted largely outside
the United States, failed to confirm the benefit of
17a-hydroxyprogesterone caproate in women with
the same eligibility criteria as the Meis trial * In Octo-
ber 2019, an FDA Advisory Committee voted 9-7
to recommend the FDA pussue withdrawal of 17a-
hydroxyprogesterone caproate. Notably, this action
would apply to the original Makena intramuscular
fermulation, any FDA-approved generie equivalents,

OBSTETRICS & GYNECOLOGY

Current Commentary

Accelerated Approval of
17a-Hydroxyprogesterone Caproate

A Cautionary Tale

Bethany J. Godlewoski, mo, Lily I Sobolik, mrr, Valerie J. King, mp, mrr, and Curtis S. Harrod, ph, Mrr

Before 2011, 17a-hydroxyprogesterone caproate (17P) was
used 1o prevent recurrent peeterm birth in women with
singleton pregnancies and was compounded al a low cost
(~515 per injection). In 2011, the US. Food and Drug
Administration (FDA) approved a commercial version of
1I7F irade name “Makena”) through their Accelerated
Approval Program, and the price of 177 subseguently
increased by nearly 100-fold. This approval was krgely
based on a methodologically limited, plscebo-controlled
trial, which found thal although 17F significantly reduced
preterm births, the placebo group had significantly mere
participants with a history of preterm birth, potentially con-
founding the resulls. The FDA required a confirmatory trial
for continued appeoval that demonstrated clinical benefit.
Eight years afler accelersted approval, the confirmalory
trial, PROLONG (Progestin's Role in Oplimizing Meonatal
Gestation), found no evidence of an effect of Makena for
reducing recurrent pretenm birth or perinatal mortality. Trial
completion triggered an automatic review of Makena by an
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advisory committes, which voted 97 o recommend
revoking approval of Makena for preterm birth. Although
the FDA created the Accelersted Approval Program lo
introduce therapies for sefous conditions that lacked treat-
ment options, Makena i an example of the limitations of
this program. We encourage the FOA o re-evaluate their
program and consider improvements, such as shorler time-
framis 1o complete confirmatory triaks, potentially revoking
approval if the studies are not completed within a prede-
fined timeirame, and to hold manufsciurers responsible, in
part, for the costs of therapy il they cannot prove a dinical
beneifil

iObstet Gynecol 020135 1207-13)
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reterm barth (20-37 weeks of gestation) compli-

cates | in B-10 pregrancies, s associated with
A5% of pernatal morbddity and mostality, and dispro-
portionately affects racial and ethmic ménorities. ' More
than half of all preterm birthe are spontaneous” These
factors make it clear that we need evidence-based treat-
ments o mitigate these short-term and long-term health
eonsequences. However, there are few reatment op-
tiois for preterm bisth and none of the US, Food and
Drug Administration (FDAJ-approved treatments have
been shown to effectively reduce perinatal mortality

Similar to most cumplex conditions, preterm
birth includes modifiable and nonmodifiable risk
factors and rsk markers such as births to teens or
young mothers, smoking, race or ethnicity, short
cervical length, and a previous preterm bdrth. 12
Because of the occurrence and severity of preterm
birth, patients, health care providess, and insurers
desire treatment options to reduce preterm birth,

In late 2018, a collaborative of state Medicaid
agencies participating in the Medicaid Evidence-
based Decisions Project, housed at the Center for
Evidence-based Policy at Oregon Health & Science

OBESTETRICS & GYNECOLOGY 1207

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

Sibai B, Saade GR, Das AF. Re-examining the Meis Trial for Evidence of
False-Positive Results. Obstet Gynecol 2020;136:622-7.
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FDA post hoc analysis of Trial 003 [PROLONG Trial]

Neonatal Composite Index (%) PTB <35 Weeks (%)
25 25 23.6
21.8
Makena Placebo Makena ™ Placebo
20 20
15 15 14.1 14.2
9.1 10
10 8.1
6.6 6.8 7.6 7.1
s | 4 32 5
20/499 8/251 39/592 21/309 18/197 8/105 0 36/504 21/258 86/609 45/316 49/208 24/110
0

No risk factor > 1risk factor = 2 risk factors No risk factor = 1risk factor = 2 risk factors

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
b duri United States Food and Drug Administration. Event Materials. FDA
(4) substance use duri ng pregnancy Presentations for the October 29, 2019 Meeting of the Bone,
(5) less or equal 12 years of formal education Reproductive, and Urologic Drugs Advisory Committee. Accessed on 23

Aug 2020: https://www.fda.gov/media/132431/download
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Regulatory withdrawal: A case example

* Important issue in healthcare
* |nitial trial suggested benefit
* Accelerated approval granted
* Confirmatory trial negative

* US FDA Advisory Committee
recommends withdrawal
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Regulatory withdrawal: A case example

Important issue in healthcare
Initial trial suggested benefit
Accelerated approval granted
Confirmatory trial negative

US FDA Advisory Committee
recommends withdrawal

Avastin®

Witry e al Jounnal of Pharmaceutical Foliy and Practice (2015) B:25
DO 10.1186/440545-01 5-0046-2

Regulatory withdrawal of medicines

JOURMNAL OF PHARMACEUTICAL
POUICY Al PRACTICE

&

@ Crosshiark

marketed with uncertain benefits: the

bevacizumab case study

Agnes Witry"”, Tuan Nguyen', Vikky Entwistle”

nd Elizmbeth Roughead'

Abstract
Background: With.

deve lopment

Introduction

In the United States, the Food and Drug Administration
(¥DA) has implemented an accelerated approval pro-
gram for medicines that appear to provide a benefit for
serious or life-threatening illnesses lacking satisfactory
treatments [1]. Under this program, medicines are given
a conditional approval based on clinical trial data that

suggest efficacy but are not sufficient to permit full
approval. Ful approval depends on subsequent con-
firmatory clinical trials. Some countries with national
public health insurance systems, including Australia,
Canada, ltaly and the United Kingdom, have introduced
similar ‘coverage-with-evidence development’ schemes in
which approved medicines may be subsidised pending
the later submission of satisfactory research data [2].
These new schemes are attractive for policymakers
as they may temporarily resolve tensions between the
objectives of (a) maintaining efficacy, safety and cost-

Vitry A, et al. ] Pharm Policy Pract. 2015,8:25.
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In 2020...

CDER proposes withdrawal of approval fo
Makena

£ Share in Linkedin | % Email | &= Print

[10/5/2020] Today, the U.S. Food and Drug Administration’s Center for Drug
Evaluation and Research (CDER) proposed that Makena (hydroxyprogesterone caproate
injection) be withdrawn from the market because the required postmarket study failed to
verify clinical benefit and we have concluded that the available evidence does not show
Makena is effective for its approved use.

Makena received accelerated approval in 2011 to reduce the risk of preterm birth in
women who previously had a spontaneous (unexplained) preterm birth, which is delivery
of a baby before 37 weeks. As part of this accelerated approval, the company was required
to conduct a clinical trial to confirm the drug provided clinical benefit to newborns. A drug
that prevents preterm birth is helpful if it ultimately improves the babies’ health. The
required confirmatory trial failed to show that Makena is effective for improving the health
of babies born to women with a history of unexplained preterm birth. We also determined
that the available evidence does not show that Makena reduces the risk of preterm birth.
Therefore, CDER has proposed that Makena be withdrawn from the market and has issued
a notice of opportunity for a hearing (NOOH) to the application holder of Makena, AMAG
Pharmaceuticals. FDA also sent the NOOH to the application holders for the approved
generics to Makena for an opportunity to comment. FDA CDER. 5 Oct 2020
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In 2020.

News & Analysis

Medical News & Perspectives

Confirmatory Trial for Drug to Prevent Preterm Birth Finds No Benefit,
So Why Is It Still Prescribed?

Rita Rubxin, MA

rebanm Birth represants 3 major US
P public health problem, with 1in 10

neenates bornbefore 37 weeks' ges-
artionin 2018, placing thesm at a greater rigk
of death and desabiliny.

So it's det surprising that prégnant
women who've slready spontaneously
defivered a baby preterm would be eager
for 3 treatment that promises to help
Ul gt clases Lo berm. Same goed for
their physicians.,

For nearly a decade, that treatment
has been Makena (hydroxyprogestesone
caproate), along-scting form of a naturally
GCEUrfing progesterons. Makena was
appeoved inFebuary 20Tunder sccelerated
A egulations of the LS Food and
Drug Administration (FOW),which allow
promising drugs ta enter the market
based on a surrogate end point bemelit—in
this case, reducing the risk of delivery
before 37 weeks—that & likely Lo predict a
«liical benefin.

Fast-track apgrovals are grantedon the
candition that drugs’ spansars conduct ad-
ditional studies 1o confinm & clindcal ben-
i, such 2 reduced neonstal morbadity snd
esartality. But what happens when the can-
firmatory study ails 1o confirm the effec-
tiveniss of adrug that his become the stan-
dard of care?

That question is degging Makena, In
March 2018, AMAG Pharmaceuticals, for
whcarm Ml akomna wis its best seller befiore ciles
dropped in2019, announced that the-confir-
mstary trial, called PROLONG (Progestins
Role in Dptimizing Neonatal Gestation),
found that the drug was no mare effective
than s plscebe.

Four days after publication of the
PROLONG results in Late October, the FDA&
ennvered an Sdvisony commiltes mestingto
help it decde whether to kesp Makena, in-
jerted veeekly beginning at 16 through 20
weeks' gestation, on the market. The pand
eyaluated o 18015, froem women wiho
credited Makeria for their full-tenm deliver-

e2 and AMAG representatives’ explana-
tiard of wiy PROLONG'S findings differed

substaritially from the 2003 trial on which
Makera's appronval was based.

Adver weighing the evidence, the pan-
elists discussed and voted on guestions
pased by the FDA. They veted unani-
mausly that the PROLONG trial did not
“werifty the clinical benefit of Makens onneo-
natal outermes” O the 16 panslists, 13 veted
neand anly 3veted yos when sskedwhether
thy theaught PROLONG arel thedrug's arig-
il trial provided “substantial evidence of ef-
Fectiveness of Makera in reducing the gk of
recLrent pretesm birth "

Huovwver, thvote on whether towith-
dirinw Makena was mudh closer. Ning com-
mittes members said it showld be with-
drawnnd T—includings of the € practicing
abstetricians on the paned—said it shouldre-
iain on the market, under the condition that
AMAG canduct another confirmatery trial.
Whether such  triad is feasible isn't clear,
thiugh. Several panelists nated that preg-
nant women who'd dresdy delivened pre-
tesn wioudd be Linlikely toen ol ina studyin
which they might get a placeba instead of
the enly medication ndcated for reducing
therisk ol arothes pretem birth. Nooe of the

paneists voled for a third aption: |esving
Makena af the market without requiring a
mew confirmatory trisl

“[W]e are committed to warking with
thee DA b ichertily heasibbe wiays Lo gener-
ateadditional efficacy dataon Makena while
retsrEng eurtent aeess to thetherapy for at-
risk poegnant women,” PROLONG cosuthar
Julie Krog, MD, AMAG'S chief madical offi-
cer until her March 31 departure, Said ina
prepared statemient alter the advisary con-
mittes vate.

For now, Makena remains an the m
ket, and the Society for Mate Feta
Mhesdicine (SMIFM) andthe American Collsge
of Dbstetricians and Gynecoiogits (MDG)—
U2 i rrfiescion al erpani 2ations ol gly-

sicians wh care for warmen at fsk of deliv-
S prelET —Continge t recomimend that
members prescribe it to patients farwham
it sindicated.

At least & few of the groups’ members
e queestianed whether AMAG'S rolé & &
major donor to SMFM and ACOG (i's slso
aMarch of Dimes “corporate partnes)
has sffected the organizations’ judgment
whien it eomes to Makena. And at least

Bad Optics?

Over the years, AMAG Pharmaceuticals
has provided financial support to the
March of Dimes, ACOG, and SMFM, none
of which has yet provided guidance that
reflects the PROLONG trial's findings of no
benefit. Whether that's because they get
AMAG funding isn't known—Blackwell
emphasized that no one on the SMFM

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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§ In2021...

A chronicle of the 17-alpha hydroxyprogesterone [# ae ]
caproate story to prevent recurrent preterm birth

David B. Nelson, MDy; Donald D, Mclntive, PhD; Kenneth |. Leveno, MD FAGURE 4
The PROLONG trial examining 5 demographic and baseline characteristics

Clinical Opinion ajog.org

Clinical Opinion

Preterm birth (PTB) 5 a substantial
public health concern. In 2019, the US
PTE rate was 10.23%, which is the fifih
straight year of increase in this rate.

Moreover, PTB accounts for approxi-
mately | in & infant deaths, and surviving
children often suffer developmental
delay or long-term neurslogic impair-
ment ™" Complications of PTE rensain
one of the leading causes of death glob-
ally in children younger than 5 years,
accounting for more than one-third of
deaths among neonates. ™ Spontaneous
PTB (sPTH) represents a symdrome with
multiple canses: however, one of the
strongest risk factors of recurrence is a
history of FTE, which increases the risk
by 15 to 2-fold’ In addition, the
number of previous PTB: and the
gestational age of previous PTEs impact
the recurrence risk.” Although  the
burden of PTH is clear, identifying stra-
tegies w reduce FTHB has  been
challenging.

On October 29, 2019, 2 US Food and
Drug Administration (FDA) advisory
committee voted 9 to T 1o withdraw the
approval of 17-alpha lydroxyprogester-
one caproate (170HP-C) for preventing
recurrent PTB." The original FDA
approval was a result of the accelerated
approval process for orphan drugs and

From the Departmesd of Chstetrics and
Gynecology, The University of Texas
Southrestern Medical Center, Dallas, TH
Decemead,
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accepted Sept. 21, 2020
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Praterm birth is 2 substantial public health concam. In 2019, the LS pretarm birth rate was
10.23%, which i the fifth straight year of increasa in ths ate. Moreower, praferm birth
accounts for approsimataly 1 in 6 infant deaths, and sundving children aften suffer
develapmental delay or lorg-tarm neurologic impaiment. Althowgh the burdan of pratarm
birth s clear, idertifying strabeqies to reduce praferm birth has been challenging. On
Ociober 29, 2019, aUS Food and Drug Administration advisory commities voled 9 vs 7 o
withdraw inberim accelerated approval of 17-alpha hydrosyprogesbarona caproate for
presenting recurrent pretanm birth becawss the called for a confirmatory trial, known &= the
Pravention of Pretarm Birth in Women With a Prenvious Singlaton Spontaneous Pratarm
Daivery trial, was not corfirmatary. The Prevention of Preterm Birth in Women With a
Previous Snglelon Sportaneous Praterm Delivery tnal mchudad subjacts envolled in the
Uribed Stabes and Canada to ensure that at least 10% of patients would be from Narth
Amenica; hovever, this trial ook D years (o complete and did not demonstrale significant
treatmeant efects in the 2 primary oculcomes of inderest. Delivary befora 35 weeks'
pestation occwred in 122 of 1130 wamen (11%) given 17-aipha hydroxyprogestarona
caproate compared with 66 of 578 women {11.5%) given placebo {ratative risk, 0.95; 35%
confidence inlerval, 0.71=1.26; P=T2). Simdarly, the coprimary oulcome neonatal
compasite index occurred in 61 of 1093 women (BE%) ghven 17-alpha hydrox-
yprogesterane capraate compared with 28 of 559 women (5.0%) gven placabo (relative
risk, 1.12; 95% confidance interval, 0.68—1.61; P=.73). Thare was ako a lack of afficacy
far 17-alpha hydraxypeogestarons caproate raatment in the anaiysis of a variety of sec-
ondary oulcomes. Lika the Matarnal-Fatal Madicing Units Matwork trial, the Pravention of
Praterm Birth in Wormen With a Fravious Singletan Spontaneouws Pratesm Delivery bial was
also Nawed. Importardly, the Matemal-Fetal Madicing Unit Mabwork Irial was the solg
justification for traating womean in the United States with 17-alpha hydroxprogestarona
caproate for nearly 2 decades. Currently, despile more than half a cenbury, 17-alpha
Frpdromyprogestarone caproate stll has not been found to be clearly effective. In this
corext, how does the advising physician depandent on scientific avidancs advise a patient
that 17-alpha hydroxyprogestanone caproate is efective when the evidance to support this
advice: has repeatedly been found o be inadequate? This cinical opinion is a oriical
appraisal of the 2 randomized irials examining the efficacy of 17-alpha hydrox-
yprogesterane caproate to prevent recurent praterm birth and a chronice of events in the
reguiatory process of drug approval to help answer this question. With this. examination,
these avents llustrate the complexity of pharmaceutical requiations in the era of accel-
erabad Food and Drug Admintstration approval and characterize tha financial impact and
influgnca in madicing. In this reporl, we akso amphasize the value of absercational shudies
in contemparary practics and identify other axamgles in medicine whara accelerated Food
and Drwg Administration approval has been withdrawn. Impostantly, e thamas of the 17-
alpha hydroxyprogestanone caproate story are nol limiled to obstelrics. It can also serve as
a microcasm of Esues within the US healthcare system, which ultimately contributes to the
high cost of haaltheare. Inour apinion, the answear fo the question i clear—the facts speak
for themselves—and we bafieve 17-alpha hydroeyprogesierone caproate should not be
endorsed for use to prevent recument praberm birth in tha Uniled Stabas.

Key words: 17-alpha hydrasyprogesierona caproale, accelaraled approval, evidanca-
basad medicine, Food and Orug Administration, healihcare cost, pharmaceufical in-
dusiry, pregnancy, pretarm labar, progasierone, progestin, progestogen, randomized
clinical trial, real-world evidence, reguialory process, subgroup analysis, withdrawal
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LIS FDA subgroup amalysis of coprimary endpaints, neonatal index, and PTB at <35 weeks' pestation for the PROLONG trial axamining 5§ demographic

end bassiine charactenztics noted fo be differant from the MPWU Network trial: bladk race, history of mare fhan 1 previous PTE, single ar without 2

partner, substance use during pregnancy, and <12 years of formal education. The 3 groups examined in this posthoc composite risk profile analysis

wera those without any of the 5 factors (no risk factor), those with at least 1 tactor (=1 rizk factor), and those with at least 2 factors (=2 risk factons).

Makana represents 170HP-C. Adapted from the UG FOA.
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b, The 17-alphs rdnaspsmopeterone coete story b provent secament preter birdh. Am [ Ofwier Gymern] 3221,

51327 billion™" 70 AMAG, the
current owner of 170HP-C, now labeled
Makena, had annual Makena revenue
ttaling $387 million and 3322 million
for 2017 and 2018, respectively.
Because 17T0OHP-C has generated hun-
dreds of millions of dollars for pharma-
centical corporations, it s problematic
that 170HP-C has been at the center of
controversy for price gouging. Fried
and colleagues,” for example, reported
that the branded drug cost of 170HP-C
was 5200% more than the equivalent
compounded drug (310,917 vs 3206 for
average drug cost per pregrancy).

The fnancial consequences of drug
pricing can be found in the national
healthcare expenditures shared by all in
the United States.”" The United States
spendds twice as much per capita on
healthcare but performs less well on
mary health outcomes used to compare
high-income countries. ™" Drug prices
have been recognized as a major driver to
this cost.”™  For example, Papanicolas
and colleagues™ recently reported that

total US pharmacentical expendiiures
are 51443 per capita compared with a
mean of $749 in 11 other high-income
countries. This finding is consistent
with the US Department of Health and
Human Services thar showed that 16.7%
of total personal healthcare spending
(3457 billion in 2015) was atributed to
pharmaceuticals.”’ No other category of
spending accounts for s much of the
cost as does pharmaceuticals.™

Is Academic Medicine for Sale?

There is another dimension to the
1TOHP-C corporate story. This has to do
with the optics of corporate financial
sponsorship in medicine. Such optics
include domations made by AMAG in
support of professional erganizations
and payment for consultmion of indi-
widual physicians."*** This support in-
cludes helping 1o underwrite annual
meetings, educational grants, and
research grants totaling 3300000 each
year for the past 4 years.”™ " To be clear,
our mational organizations are not alone.

182  American Jourmal of Obstetrics & Gymecobogy FEBRLARY 2021

This issue can be found locally as our
own organization has received such
support for the sponsorship of meet-
ings.”" To be sure, corporate sporsor-
ships of monetary gifis in American
medicine are sccepted to be legitimate
and do not necessarily pomend a conflicy
of imterest. Moreover, individuals are
expected w disclose any  financial
imvolvement that could represent po-
tential conflicts of interest when sub-
mitting manuscripts for publication. For
example, Drs Sibai, Saade, and Das re-
ported such financial disclosures for
AMAG in  their recently published
commentary.”* Furthermore, the optics
of corporate donations raise concerns of
fimancial sponsorship influencing medi-
cine." Rita Rubin, " a medical writer for
the Joursal of American Medicol Asoci-
aiont, recently  published an  article
summarizing  these  Bsues  nitled,
“Confirmatory trial for drug o prevent
preterm hirth finds no benefit, so why iz
it snill prescribed?” In fact, this report
outlined many of the issues surrounding

Nelson et al. AJOG 2021
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In 2021...EPPPIC

Articles I

Evaluating Progestogens for Preventing Preterm birth
International Collaborative (EPPPIC): meta-analysis of
individual participant data from randomised controlled trials
The EPPPIC Group™*

Summary

Background Preterm birth is 3 global health priority. Using a progestgen during high-risk pregnancy could reduce
preterm birth and adverse neonatal outcomes.

Methods We did a ic review of randomised trials ing vaginal b

17-hydroxyprogesterone @proate {17-01 ll’t] or nﬂl pmgcnmng with control, or with each other, in asymptomatic
women at risk of preterm birth. We identi blished trials that completed primary data collection

|
before July 30, 2016, (12 months before data collection began), by searching MEDLINE, Embase, CINAHL, the

Maternity and Infant Care Database, and relevant trial registers between inception and July 30, 2009. Trials of
progestogen to prevent warky mm:mu# or immediatel-threatened preterm birth were excluded. Individiual

data were  from of eligible trials, Outcomes included preterm birth, early preterm
birth, and midhtrimester birth. | sequelae 4 with early bisths were assessed using 1 compasie
N 1 coniiplcationza, i Sodbvadecally. Advesse caberal — S
incividualy Endividual pasticipant dats were checked and risk of bias assessed independently by two researchers.
Primary wsed lised limear mived modeks that incorporated random effects to allow for

heterogeneity across trials. This mru»nml\su is registered with PROSPERD, CRDMZ0ITO0GE209,

Findings Initial searches identified 47 eligible trials. Individual participant data were available for 30 of these trials. An
additional trial was bter induded in a targeted update. Data were therefore available from a wtal of 31 trials
{11644 women and 16185 Trials in sing] ies included mostly women with previous
spontaneous pretenm birth or short cervix. Preterm birth before 34 weeks was reduced in such women who received
waginal progesterone [nine trials, 3769 women; relative risk [RR] 075, 95% CI 0-68-0.90), 17-0HPC [five trials,
3053 women; 0-83, 0-68-1.01), and oral progesterone (bwo trials, 181 women; 0. 60, 0. 40-0.90). Results for other
birth and neonatal outomes were consistently favourable, but less certain. A possible increase in mil:rm|
complications was suggested, but this was in. We identified no consistent evidence of

with any participant characteristics examined, although analyses within subpopulations questioned eH’um-_\-m women
who did not have a short cervix. Trials in multifetal pregrancies mostly included women without additional risk
factors. For twins, vaginal progesterone did not reduce preterm birth before 34 weeks [eight trials, 2046 women:
RR 101, 95% CI 0-84=1.20) nor did 17.-0HPC for twins or triplets feight triabs, 2253 women: 1-04, 0:92-1-18).
Preterm premature rupture of membranes was increased with 17.0HPC exposure in mubifetal pestations [ruphure
<34 weeks RR 1-59, 95% CI 1-15-2- 22), but we found no consistent evidence of benefit or harm for other outcomes:
with either vaginal progesterone or 17-0HPC.

Interpretation Vaginal progesterone and 17-0HPC both reduced birth before 34 weeks® gestation in higherisk singleton

ies. Given i 1 underlying rik, absolute risk reduction is greater for women with 2 short cervix, hence
treatment might be most useful for these women. Evidence for oral progesterone is insufficent to support its use,
shared decision making with woman with 1...;1. risk singleton pregrancies should discuss an individual's risk,
potential benefits, harms and p li ion. Treatment of lected multifetal ies with a
progestogen is not supported I.n the :-nd.m::

Funding Patient-Centered Outcomes Research Institute,

Copyright @ 2021 Elsevier Lid. All rights reserved.

Introduction

Preterm birth is the most comman cause of neonatal
morhidity and mortality globally, with rates ranging from
39 in Europe bo 189 in Africa
are at greater risk of difficulties at birth, health problems

nits born prematurely

worw thelancet com ol 397 Muasch 17, 2001

during infancy, and death during their first year® They
are more likely to have

as cerebral palsy, epilepsy, cognitive disability, blindness,
or hearing loss. Preterm birth can have economic
consequences for families, and for payers and purchasers

et 2023:397: 11E3-04.
ew Commant page 1158
*Marriers =F tha LPPPYL grep
arabnted attha ardlaf tha
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u-mw(wlu ke

11B3

17-0OHPC
Preterm (=37 weeks)
Preterm (<34 weeks)

Preterm (<28 weeks)

Maternal complications

Perinatal death

Serious neonatal complications

Women (n) Relative risk (95% Cl)

Vaginal progesterone

Preterm (<37 weeks) 3769 B 0-92 (0-84-1-00)
Preterm (<34 weeks) 3769 —— 0-78 (0-68-0-90)
Preterm (<28 weeks) 3769 — 0-81(0-62-1-06)
Maternal complications 2551 — = 1-14 (0-93-1-40)
Perinatal death 3769 — - 0-74 (0-52-1-07)
Serious neonatal complications —a— 0-82 (0-65-1-04

Favours progestogen  Favours control

0-94 (0-78-1-13)
0-83 (0-68-1-01)
0-73 (0-53-1-02)
118 (0-97-1-43)
0-88 (0-59-1-31)
0-81 (0-60-1-09)

Figure 2: Main outcomes in singleton pregnancies for vaginal progesterone and 17-OHPC trials
17-0HPC=17-hydroxyprogesterone caproate. For vaginal progesterone: preterm birth <37 weeks number of events
(n)=661, control n=705; preterm birth <34 weeks n=276, control n=343; preterm birth <28 weeks n=92,

control n=111; maternal complications n=186, control n=171; perinatal death n=49, control n=64; serious neonatal
complications n=119, control n=140. For 17-OHPC: preterm birth <37 weeks n=510, control n=330; preterm birth
<34 weeks n=206, control n=158; preterm birth <28 weeks n=77, control n= 66; maternal complications n=285,
control n=178; perinatal death n=57, control n=40; serious neonatal complications n=95, control n=75.

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

AM2021 Clinical Guidance for the Integration of the Findings of the EFPPIC Mata-Anslysis: Evaluating Progestogens for Preventing Preterm Birth 1,

3 ACOG | Clinical

Clinical Guidance for the Integration of the Findings
of the EPPPIC Meta-Analysis: Evaluating
Progestogens for Preventing Preterm Birth
International Collaborative

Practice Advisory ([}
March 2021

By reading this page you agree to ACOG's Terms and Conditions. Read terms

The findings of an individual patient data meta-analysis of 31 randomized trials including 11,644 pregnant
women and 16,185 offspring comparing vaginal progesterene, intramuscular 17-hydroxyprogesterone
caproate (17-0HPC), or oral progesterone with control, or with each other, in asymptomatic women at risk
of preterm birth due 1o prior preterm birth or short cervix were published on March 27, 2021." The
analysis found evidence for a reduction in the risk of preterm birth with progesterone treatment {preterm
birth less than 34 weeks of gestation: vaginal progesterone, nine trials, 3,769 women relative risk [RR]
0.78, 95% Cl, 0.68-0.90; 17-OHPC, 5 trials, 3,053 women RR 0.83, 95% C|, 0.68-1.07 ). Although the findings
for 17-OHPC compared to placebe did not reach statistical significance, the authors concluded that there
was not clear evidence of a difference in effect of progesterone based on indication for treatment or
route of administration; the authers acknowledge that there was little evidence comparing vaginal
progesterone and 17-0HPC directly. The most consistent evidence was for vaginal progestercne, and due
to the increased underlying risk, the absolute risk reduction was greatest for women with a short cervix.

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

Safety and Availability / CDER perspective on recently published results of EPPPIC meta-analysis

CDER perspective on recently published results
of EPPPIC meta-analysis

£ Share in Linkedin | % Email | & Print

o [3/26/2021] The U.S. Food and Drug Administration’s Center for Drug Evaluation and
Drug Safety and Availability

Research (CDER) is aware of the recently published EPPPIC meta-analysis reporting the g;:;;gﬂ;':”em as of:
formation about efficacy of various progestogens, with various routes of administration (vaginal
Nitrosamine Impurities in progesterone, oral progesterone, intramuscular hydroxyprogesterone caproate [HPC]) to Regulated Product(s)
Medications reduce the risk of pre-term birth (PTB) in at-risk women with singleton or multifetal Drugs
pregnancies. CDER’s recent proposal to withdraw the accelerated approval of Makena Topic(s)
Drug Alerts and Statements (HPC) was based upon a large randomized trial that failed to confirm the benefit of this Safety - Issues, Errors, and
drug to newborns or reduce the risk of PTB. In making the decision to propose Makena’s Problems

Medication Guides withdrawal, CDER also reviewed results from prior studies of progestins (HPC and other
similar drugs) for PTB, including studies relevant to Makena that are included in the
Drug Safety Communications EPPPIC meta-analysis. Therefore, the publication of the EPPPIC meta-analysis does not

change CDER’s proposal to withdraw the approval of Makena.

Drug Shortages The EPPPIC meta-analysis is a patient level meta-analysis of 31 randomized, controlled

trials evaluating the effect of various progestogens in reducing the risk of PTB. EPPPIC
FDA Drug Safety Podcasts included 15 trials evaluating HPC; only five of these evaluated singleton pregnancies (the

indicated population for Makena) and compared HPC with placebo.
Information bv Drua Class

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

A chronicle of the 17-alpha hydroxyprogesterone [& e ese
caproate story to prevent recurrent preterm birth

David B. Nelson, MDy; Danald D Mclntire, PhD; Kenneth |. Leveno, MD

Clinical Opinion
Preterm birth (PTB) is a substantial
public health concern. In 2019, us
PTE rate was 10.23%, which is the fifih
straight year of increase in this rate.
Moreover, PTB accounts for approxi-
mately 1 in 6 infant deaths, and surviving
children often suffer developmental
delay or long-term neurclogic impair-
ment." Complications of FTE remsain
one of the leading causes of death glob-
ally in children vounger than 5 years,
acoounting for more than one-third of
deaths among neonates. ™ Spontaneous
PTB (sPTH) represents a syndrome with
multiple causes; however, one of the
strongest risk factors of recurrence is a
history of PTB, which increases the risk
by 1.5 to 2-fold” In addition, the
number of previouws PTB: and the
gestational age of previous PTEs impact
the recurrence risk.” Although the
burden of FTB is dear, identifying stra-
tegies 1o reduce FTB  has  been
challenging.

On October 29, 2019, a US Food and
Dirug Administration (FDA) advisory
committee voled 9 to 7 1o withdraw the

approval of 17-alpha hydrosyprogester-
one caproate (170HP-C) for preventing
recurrent PTB. The original FDA
approval was a result of the accelerated
approval process for orphan drugs and
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Praterm birth is 2 substantial public health concam. In 2019, the LS pretarm birth rate was
10.23%, which i the fifth straight year of incraasa in ths ate. Moreower, praferm birth
accounts for approsimataly 1 in 6 infant deaths, and sundving children aften suffer
develapmental delay or lorg-tarm neurologic impaiment. Althowgh the burdan of pratarm
birth i clear, identifying strabeqies to raduce praferm birth has been challenging. On
Ocioher 29, 2019, aUS Food and Drug Administration advisory commities voled 9 vs 7 o
withdraw inberim accelerated spproval of 17-alpha hydrosyprogestearans caproate for
preventing recurrent pretanm birth becawss the called for a confirmatory trial, known & the
Prevention of Pretarm Birth in Women With a Previous Singleton Sponlaneous Preberm
Defivery trial, was not confimatary. The Prevention of Preterm Birth in Women With a
Prenious Singlalon Spontanecus Praterm Delivery tial mcludad subjects envolled in the
Uribed States and Canada to ansure that at least 10% of patients would ba from Narth
America; however, this irial iook 8 years o complate and did not demonstrate significant
treatmeant efects in the 2 primary culcomes of inferest. Delivary befora 35 weeks'
pestation oceured in 122 of 1130 wamen (11%) given 17-aipha hydroxyprogestarong
caproate compared with 66 of 578 women {11_.5%) given placebo {ratative risk, 0.95; 35%
confidence inerval, 0.71=1.26; P=T2). Simdarly, the coprimary oulcome neonatal
compasite index occurred in 61 of 1093 women (BE%) phven 17-alpha hydrox-
yprogesterane capraale compared with 28 of 550 womnen §5.0%) gven placabe (relatve
rigk, 1.12; 5% confidance inlarcal, 0.68=1.61; P=73). Thara was ako a lack of afficacy
fior 17-alpha hydraxyprogesterons caproale treatment in the analysis of a variely of sec-
ondary oultomes. Like the Matarnal-Fatal Madicing Units Matwork trial, the Pravention of
Praterm Birth in Wormen With a Pravious Singleton Spontansous Preterm Delivery triad was
also flawed. Imporiantly, the Matemal-Fetal Medicine Unit Mebwork: frial was the sole
justification for traating women in the Uniled States with 17-alpha hydroyprogestarona
caproate for nearly 2 decades. Cusrently, despite more than half a cenbury, 17-alpha
Irydrooypropesiarone caproate sl has not been found (o be clearly effective. In ths
corext, how does the advising physician depandent on scientific evidancs advise a patient
that 17-alpha hydrocyprogestanane caproate is efective when the evidance to suppart this
avice hias rapeatedly been found to be imadequate? This cinical opinion is @ critical
appraizal of the 2 randomized irials examining the efficacy of 17-alpha hydrox-
yprogesterane caproabe to prevent necurrent pretarm birth and a chromcie of events in the
regulatory process of drug approval bo help answer this question. With this examimation,
these events llustrate the complexily of pharmaceutical regulations in the era of accal-
erabed Food and Drug Adminttration approval and characlerize the financal impact and
influgnca in medicine. |n this report, we alsa amphesizg the value of obsenational shudies
in contemparary practics and identify other axamples in medicine whare accelerated Food
and Drug Administration approval has been withdrawn. Importantly, the thames of the 17-
alpha hydrooyprogestarone caproate story are not limiled to obstelrics. It can also serve as
a microcosm of Esues within tha US healthcane syslem, which ultimately contribules o the
hiagh cost of healthcare. In our apinion, tha angwear 1o the question i clear—ihe facls speak
for themsehves—and we balieve 17-alpha hydroeyprogesterone caproata should not be
endorsed for use to prevent recumment pratanm birth in tha Unitad States.

Key words: 17-alpha hydraxyprogesienons capraate, accseraled approwal, evidancs-
bexsad medicing, Food and Drug Adminstration, healthcang cost, phamacautical in-
duslry, pragnancy, pratamn labor, progasierone, progestn, progeslogen, randomized
clinical irial, real-world evidence, requiatory process, subgroup analysis, withdranwal
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Letters to the Editors sjog.org

The 17-alpha hydroxyprogesterone chronicle

TO THE EDITORS: Nelson et al’ have presented a thorough
review of the status of 17-alpha hydroxyprogederone caproate
(17-F, 17-0HPC) and have reached the only appropriate
conclusion. We had submitted a citizen petition to the Food
and Dirug Administration (FDA) in November 2020, oul-
lining the same arguments and recommendation. Despite it
being more than 2.5 years since the publication of these re-
subts and the FDA advisory commitiee’s vote to withdraw
approval, and more than 20 months since the FDA indicated
its imtent to withdraw approval, the FDNA has vet to take final
action. This situation cannst continue, for all the reasons
cited by Melson et al'

Furthermore, the awhors highlighted another troubling
izsue concerning corporate financial gponsorship in medicine.
The Society for Maternal- Fetal Medicine (SMFM) published a
“statement” in July 2020, endorsing the use of 17-OHPC In
contrast to the disdosures required of authors of publications
of presenters al meetings, the statement only indicated that
the undisclosed commintee mermbers have filed a conflict of
interest disclosure and that “all conflicts have been resolved
through a process approved by the executive board.” This was
hardly a ransparent process, particularly because of AMAG
Pharmaceuticals™ financial support of SMFM, and lefi the
question of equipoise in evaluating the data open 1o question.
This point has been made previously,” but it remains unad-
dressed. We shoubd expect no less level of rransparency from

W Chack lor updatis |

our professional organization than we require from individual
authors, particularly as the former carries dgnificantly maore
weight in medical and legal practices. u

Jack Frtzsimmaons, MI

Wadia Mulla, MI¥

Department of Obstetrics, Gynecalogy, and Reproductive Sciences
Lewis Katz School of Medicne

Temple University

3401 M. Broad St

£ 2002 Elmvier I All Fights reserved. ity

Reply: The longest day soon comes to an end

We thank Drs Fitzsimmons and Mulla for their letter and
interest in the chronicle of 17-alpha hydroxyprogesterone
caproate (17-OHPC) for the prevention of recurrent pre-
term birth.” The time following the October 29, 2019, US
Food and Drug Administration (FDA) advisory comminee
vote, 1o withdraw accelerated approval of 17-OHPC for the
prevention of recurrent preterm birth, seems long ago—ina
time predating the COVID-19 pandemic.” The month of
Mareh 2022 marks the 3 years since AMAG Pharmaceuticals
announced the topling results of the Prevent Recurrent
Preterm Birth in Singleton Gestations tral, and a public
hearing has still not yet been posted.” In that time, we lost
D Ken Leveno, senior author of our original report of 17-
OHPC ineffectiveness and subsequent commentary, who
passed away on May 2, 2020

It would seem that the story of 17-0HPC has stalled.
However, at a closer ook, the story con
in a letter to D Patrizia Cavazzond, acting director for the
Center for Drug Evaluation and Research (CDER), dated
October 14, 2020, AMAG Pharmaceuticals requested an

inues to evolve. First,
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extension to the public hearing.” Second, in the same month,
the Covis Group and AMAG Pharmaceuticals announced thar
they had entered inte a definitive agreement under which the
Covis Group would acquire AMAG Pharmaceuticals for
£13.75 per share in cash, or approximately $498 million on a
fully diluted basis and approximately $647 million on an
enterprise basis, including debt obligations expecied o be
assumed or repaid net of cish ' Once more, the financial

wope of the pharmaceutical industry is staggering as we
noted in our previous report.’

Since October 2020, the US FDA CDER and the Covis
Group have been volleying challenges and seburtals o the
content, scope, and structure of the requested public hearing. A
nested story within the story of 17-0HPC can be found in the
catabog of documents for the “Proposal to withdraw marketing
notice of opportunity for 4 hering” ot the
v website.” At the time of this writing, more than
nts have been uploaded, including statements
from pational organizations, members of the US Congress, and
physicians arpuing for and against the withdrawal of 17-0HPC

1.

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

Covis Group acquire AMAG
Pharmaceuticals for $13.75
per share in cash ($498M)
on a fully diluted basis and
approximately $S647M on
enterprise basis

Since Oct 2020, Covis Group
and CDER volleying
challenges and rebuttals to
content, scope, and
structure of the requested
public hearing.

Nelson et al. AJOG 2022
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In 2022...0October 17-19, 2022

ADVISORY COMMITTEE MEETING

1. Do the findings from Trial 003 verify the clinical

UPDATED INFORMATION: OCtOber 17 - 19: 2022: benefit of Makena on neonatal morbidity and
Hearing Announcement involving the Obstetrics,  mortality from complications of preterm birth?
Reproductive, and Urologic Drugs Advisory

2. Does the available evidence demonstrate that

Committee Makena is effective for its approved indication of
OCTOBER 17 - 19, 2022 reducing the risk of preterm birth in women with a
singleton pregnancy who have a history of singleton
e in Lnkedn | B Enal | & Prt spontaneous preterm birth?

, 3.Should FDA allow Makena to
On This Page

¢ Meeting Information remain On the markEt?

« Event Materials As part of that discussion, you may discuss:
whether the benefit-risk profile supports retaining
the product on the market;

Date: October 17 - 19, 2022

Dayl:  Mon, Oct 17 8:00 AM - 4:00 PM ET what types of studies could provide confirmatory
Day2:  Tue, Oct 18 8:20 AM - 4:00 PM ET evidence to verify the clinical benefit of Makena on
Day3:  Wed, Oct 19 8:30 AM - 12:15 PM ET neonatal morbidity and mortality from complications
of preterm birth?
FDA. 2022
95 UT Southwestern
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Timeline of US FDA Accelerated Approval and Withdrawal of 170HP-C

Meta-analvsis aof 7 I70HP-C approval

placebo-controlled 170HP-C not associated withdrawn.

trials of I17OHP-C Initial new drug with reduced sPTB in FDA advisory Professional societies
shows in composite a application not observational FDA advisory committee votes 14 to release statements
significant reduction approved by FDA as prospective stuc. committee votes 9 to 7 I that 170HP-C calling for cessation
in spontaneous efficacy based on Primary outcome PTB to withdraw approval should not remain on of use to prevent
preterm birth (sPTB). single trial 1419 =35 weeks (N = 430).18 of 170HP-C 13 the market.” recurrent sPTB.32-34

FDA declined
approval

Public Public

FDA

Observational
efficacy hearing hearing

withdrawal
2003 March 2019 October 2020 March 2(

1990 017-2018 October 2019 October 2022 . April 2023
ry

PROLONG Extension Volunta
withdrawal

Potential

benefit

FDA approval

trial requested

170HP-C foundto Based on Meis trial, 1 ?GH_P ‘C_'Y was not AMAG Pharmaceuticals, Covid Group

redice recurrent sPTR J‘p{ak_gna-@(f TOHP-C) effective in preventing the manufacturer af announces voluntary
in 463 randomized receives acceler urgd_ recurrent sP E s 170HP-C, requests public withdrawal af
women. Primary approval for prevention of 1708 randomized hearing extension. The I70HP-C fiom
outcome PTB <37 recurrent sPIB pending a women in a 2:1 ratio. same month they are market with

weels (306.3 versus ﬁ:}ﬂaw-o_n confirmatory Primary outcome PIB acquired by Covis stipulations for
54.0%, Pﬂi.ﬂﬂﬂ.'u randomized controlled =33 weeks (1] versus GPBIQD.ESJ& FDA3!

frial 1112

11.5%, P=72).7°

Nelson DB et al. Am J Obstet Gynecol. 2023
UT Southwestern
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In 2023...National Organization Responses

) iﬁc}:ilg:l'-,:(:?rl:e'm SMFM statement
Medicine smim.org News Releases | Apr7,2023 Share 3 f in 2= | ™ Pprint
F L it T ACOG Statement on the FDA Withdrawal of 17-OHPC

Statement: Response to the Food and Drug
Administration's withdrawal of 17-alpha
hydroxyprogesterone caproate

Society for Maternal-Fetal Medicine (SMEM); SMFM Publications Committee

Washington, D.C. — Christopher M. Zahn, MD, FACOG, chief of Clinical Practice and

Health Equity and Quality, for the American College of Obstetricians and

On Aprl 5, 2023, the US Food and Drug Admintstration withdrew the appeoval of 17-alpha hydros-
yprogesterone caproate, effective iImmediately, because of the lack of evidence that it reduces the riskof
recusrent spontanaous pretemn birth. This declsion withdraws approval for all formulations of 17-alpha
yelroyprogs caproats and d applies to both brand name
(Makena) and genenc versions of the medication. We agree with the Food and Drug Admingstration
determination and discowage continued prescrbing of 17-alpha hydroxyprogesterone caproate,
Including through compounding phamaches. We do not recommeend changing indications for cerclage,
Indications for vaginal progestarons in patients with & short cervbe, or recommendations against actiity
resiriction based on the Food and Drug Administration withdrawal of 17-alpha hydrosyprogestencne
pr from the masket. end that discusalon of the use of vaginal progesterone for primary
prevention of recurment pretesmn birth without input of candcal length or In those with a cervical length of
=25 mm Includes & shared decialon-making process, especially if a progesterons formulation for pre-
tem birth prevention was received in a previous pregnancy. The Food and Drug Administration deter-
mined that it would be Inappropriate to delay the effective date of the withdrawsl 1o allow patients
currenty g 17-alpha hy O o caproate to finksh treatment. We agree with the Food
and Drug Administration that there is no evidence of benefit with continued treatment. Patients curently
receiing 17-alpha hydroxyprogesterone caproate can be counseled that the Food and Drug Admin-
Istration's Center for Drug Evaluation and Research has not identified evidence of ham from discon-
tinuation befiore 37 weeks of gestation.

Gynecologists (ACOG), issued the following statement:

“After a years-long process to determine the efficacy of the only previously
approved treatment option to prevent recurrent, spontaneous preterm birth, the

U.S. Food and Drug Administration (FDA) made a final decision Thursday to
withdraw approval of Makena (17-OHPC) and its generics.

“We have understood for some time that this was a possible outcome. The

unfortunate result is that patients now have no FDA-approved treatment option

Keywords: 17-alpha hydrosyprogesterons caproate, cerciage. Food and Drug Administration, pretermn X . . . L . .

bith, vaginal progesterone available to them and obstetricians-gynecologists are left with limited options to prevent a condition that affects roughly 10

percent of U.S. births and is the leading cause of neonatal morality.

Introduction

In 2011, the US Food and Drug Administration (FD&)
approved intramuscular 17-alpha hydroxyprogesterone
caproate (17-0HPC; marketed as Makena) for the sole
indication of reduction of recurrent spontaneous pretarm
birth {PTE) in pregnant pecple with a singleton pregnancy
who had a previous singleton spontanecus PTB. Under
typical FDA drug approval processas, at least 2 appropri-
ately designed clinical trials must demonstrate efficacy fora
medication to receive approval. Because of the public
heslth burden of PTB and the lack of other effective in-
terventions at the time, the FDWA granted 17-OHPC accel-
erated approval,” largely based on the positive findings of
the Matemal-Fetal Medicine Units (MFMU) Matwork study
conducted by Meis et al,” with the requirement that a sec-
ond confimatory study be conducted.

Comespording author: Sodety for Matemal-Fetal Medicine [SMPM)
Publications Committes. put nog

The Progestin's Role in Optimizing Neonatal Gestation
[PROLOMNG) study, a multicenter, multinational study con-
ducted largely outside of the United States, was conducted
from 2009 to 2018 to meet this requirement.” The study had
2 coprimary outcomes: PTH at <35 weeks of gestation and
compaosite necnatal morbidity and mortality. Except for the
primary outcomes and recruitment locations, study in-
vestigators designed the PROLONG study to mimic the
original MFMU study protocol s much as possible.’
Despite this, the PROLONG study failed to demonstrate
gither reduction in spontanecus PTB or improvement
in neonatal outcomes among participants treated with
17-0HPC compared with participants treated with placebo.

Food and Drug Administration review since
the publication of Progestin’s Role in
Optimizing Neenatal Gestatien

After the publication of the PROLONG study in 2020, the
FDA's Center for Drug Evalustion and Research (CDER)

SMFM. 2023

“To assist obstetrician-gynecologists in their decision-making regarding the administration and prescribing of the remaining
supply of 17-OHPC and other immediate concerns regarding generics and compounding, ACOG has issued a set of Frequently

Asked Questions.

ACOG. 2023

UT Southwestern
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Are we at the end of road? (To summarize...)

= Burden of preterm birth is

Table. Utilization, Cost, and Outcome Comparison Between Branded

SErious. and Compounded 17-Alpha Hydroxyprogesterone Caproate, 2008-2015
u POO[‘ly u nderStOOd Variable Branded Drug Compounded Drug
. Total women users, No. 535 3350
pathoph.ySIOlogy...a. nd Total pregnancies, No. 540 3481
mechanisms of action for T e e 17760 173 (54)
preve ntion thera pies. Preterm deliveries (rate), No. (%) 129 (23.9) 878 (25.2)
. Drug cost per pregnancy, 10917 (4248) 206 (115)
= Complex history of progestogens  mean(sb), $Us
Users with an infection (sepsis or 1 1
to prevent recurrent preterm bacterial meningitis), No.
blrth in Singleton pregnancies. Maternal age, mean (SD), y 33.0 (4.9) 32.7 (4.9)
Stillbirths (rate), No. (%) 5(0.93) 36 (1.03)
" Tremendous healthcare costs Total amount spent, $US 5895 060 718266
associated with medication use. Fred et al.JAMA itern Med
2017;177:1689-90.
98 UT Southwestern
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Accelerated Approval Challenged

The FDA Struggle to Withdraw Makena
Problems With the Accelerated Approval Process

Hydroxyprogesterane caproate (Makena) i aninject-
able drug for the prevention of preterm birth, e, birth
puricr 10 37 weeks of gestation. About 1in 10 US infants
is bom preterm,' a condition that is increasing in the
LS and i responsible for sbout 75% of perinatal mar-
tality and about half of neonatal merbidity. ' The
S Fead and Drug Administration (FDA) approved
Mzkena through its scesterated approval pathway in
2071, Inthis Viewpoint, we descuss the controversy sur-
rounding the current efforts of the FDA 1o withdraw
Makens from the market and the implcations for the
beciacier accelersted appreval pathinay.

Altheugh clinical riak usually measure clinical and
points, the FOA accelerated approval program,
leunched in 1992, speeds drug develapment by liberal-
izimg the: wse of sumogate end paints for Serious or Be-
threatening conditions. In considering the use of surne-
Eate end paints in this patireay, the FDW B permilted 1o
take inte aceount the meed for treatments and the
severity and prevalence of & disease. However, ppli-
cants must conduct phase 4 confirmatary trials to
werily clirical benefit, and poor results can lead to the
withdrawal of the drug.

i e the company to procesdwith a canfimmateny trisl,
which had bepun envoliment and was 1o be completed
in 2016.

The confmatory rial resulls became svalable in

2019, 3 years.after thetrial's projected completion date.
The data praved disappainting, therey leading an ad-
wisory committesin 2019 te conchude unanimeasly that
the new trialdid not confirm dinical benefit. Three years
Lates, Ehve: FOW is still attempting to remave Makena fram
he market. Although the FDA has concluded that
Muskena lacks substantisl evidence of effectiveness, the
srsnufacturer refusid o withiraw the drug veluntarily
and reguested a hearing. The FDA Jsoentad in briefing
documents that continued mark ting of Makena “would
underming the integrity of the aceslerated approval
pathway® After 2 3-day hearing in Octaber 2022, an
FDW advisory panel voted 14-1 that Makena should be
withdrawn. The curent manilactuner of the dnig, Covis
Pharma, is vigarously contesting FDA actian.”

The Makena story rases guestions about the accel-
erater] approval pathway s implicit promise: approvalcan
e provided on an expedited basis with the ability to
quickly withdraw drugs that fail confirmataorny triaks. Inthis

cae, the delsy in effectusting with-
drawal has bean dramatic. Although
s of the delay & no doult sttribut-

The delay in withdrawing Makena has able to the emergence of COVIDI9 in

proven costly for the Centers for Medicare

2020 and its sapping of FDA resources,
ather elements were slo at play. For the

& Medicaid Services...and for the patients FDA e withdrai.a drug, the statute snd

who are exposed to adverse effects

with little or no clinical benefit.

Itiwass 1975 whesh & srmiall clinical trisl ecnchudled that
the gestational administration of hydrosyprogester-
one caproate lengthened pregrancy and reduced neo-
natal mortatity.” Inthe wake of additional research in this
arena, then-manufacturer Adeva applied to the FOM for
approval of hydroxyprogestenone caproate far reduc-
g the risk of pretenm birth in wamen with a histary of
praterm birth. The FDA granted the accelersted ap-
prowal in 2071 Not everyoneat the sgency supportedthe
decision. An FDA report identified several statistical
prablems in the single study supparting approval and
concluded that "the information and data..do not pro-
vide comancing evidence” of effectiveness  The re-
part further suggested delaying approval until interim
resuilts becarne availabie from yet another cinical trial.
Haweses, in its risk-benefit caloulus, the FDA indicated
that it was convinced by the public health importance
of preterm birth and the lack of existing treatment.* Al-
thaiigh the FDW gramted sceslerated sppreval, it re-

JAMA  Docember 77, 002 Violuma 308, Numbir 34

regulations require n informal hearing,
wihich includes the comvening of an ad-
visory comemittee and the preparatianal
extensive materials for the hearing. The
Makena docket has 241 daciiments and the hearng
zatedd 3 days. The FDA is expending considersl e re-
Sources to build thenecond for withdrawal, giventhe pos-
sibility that the ageri eved company will itimately take
il ko court. The FOA has only onos before exercsed its
sutharity to withdraw an aceelerated spproval indica-
i BESat & compamy’s withes, in the cage of bevaci-
Zumal(Avastin, which had besen approved for use in the
treatrnert of breast cancer. A recent bill" would have at-
tempted to faclitate withdrawals of accelerated ap-
proval by removing the informal vearing requirement.”
However, the proposed substitute procedure was ako
qite curbrsamie—ncding noti = and-comment pra-
] fiar esch withclrzwal and irg af an advi-
Soy commitiie Lpon indUSIry's reguest. In any event,
although the bill in question passed the House of
Representatives, it "ded” in the Senate”
Adternpes towithdraw a drug ke Makena sioo put the
FDAInadifficult pesition. Despte poor confirmatary trial

jama com

D 2022 American Medical Association. Al ights resenved.

Aaron DG et al JAMA. 27 Dec

2022

What might be done? Given all the difficulties associated with
the withdrawal of a drug that has gone through accelerated ap-
proval, one solution would be to require a stronger signal of effi-
cacy before that approval is ever granted. One might worry that the
more evidence the FDA requires upfront, the more the accelerated
approval will devolve into a traditional approval process. This is a mis-
understanding of the pathway. Accelerated approval was never
meant to permit a reduction in the evidentiary standard for new
drugs. Rather, it was intended to allow a more liberal use of surro-
gate end points. Hueing closer to the pathway's original intent may
yield more dependable drugs for the US population. Congress
may wish to place more guardrails on the evidence required before
a drug comes to market under this pathway, for example, by reaf-
firming a strict requirement for 2 supportive clinical trials—only 1was
available for Makena. Some might argue that it is wiser to allow a
lower evidentiary standard when there is a serious unmet health
need, but the Makena case study illustrates the serious risk in per-
mitting the sale of drugs with weak evidence of effectiveness. A dif-
ferent approach, as suggested by a proposed bill,'® is for acceler-
ated approval to automatically expire after a defined period of time
unless the FDA confirms that the approval is warranted. This would
make withdrawals automatic if a sponsor fails to provide sufficient
evidence to persuade the agency.

UT Southwestern
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The end is where we start from...

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 170HP-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 170HP-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.

Nelson DB et al. Am J Obstet Gynecol. 2023
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Selected categories of NIH Research Funding From Research, Condition

I & Disease Categories

Dollars imillions)
0 2000 4000 4000 8000 10000

Genetics [N
Neurosciences IR
Biotechnology RN

Brain Disorders [N
Cancer [N
Infectious Diseases NEEG__G____
Bioengineering N
Pediatric IEEG—
Aging [N

Women's Health | I NEREREEEENENN

Human Genome [N
Health Disparities R

Minority Heattn [N

Precision Medicine [N

Spong CY. Addressing inequalities in women’s health research.

Contemporary OB/GYN Journal. 2020
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Years of Flat NIH Funding Has Led to Lower Grant Acceptance Rates

B Total NIH Funding == Grant Success Rate

$50,000,000 40%

$40,000,000
30%

$30,000,000
20%
$20,000,000
10%
$10,000,000
$0 0%
© ™
e@?’ & F @q“’ \909 ,9@ m@\"\,&m ,96” @‘3 6‘7’ Q;» ~§3‘ s Y '» qﬁg q’g Q«, Q’»
Rubin K. Why scientists struggle to get funding for women’s health. 2022.
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Concluding remarks from US FDA Advisory Committee, October 19, 2022

“The compulsion to do something is strong...there needs to be another trial because | want to
believe that there is a solution for preterm birth...But | 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 |
would say is that, again, faced with that powerless feeling, is false hope really any hope
at all?

So | 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 | think will help you.”
—Dr. Anjali Kaimal

102 UTSouthwestern
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In Memoriam
Gary Ackerman, M.D.

Kenneth J. Leveno,
M.D.

Kenneth Leveno, M.D. — 1941-2020

He transformed the way obstetrical care was delivered and
simultaneously touched the lives of patients and the obstetricians
he mentored.

With the passing of Kenneth J. Leveno, M.D., on May 2, 2020, we lost one of the
most influential and transformative leaders in obstetrics. The architect of what
became known as “Parkland abstetrics,” he was passionate that quality care be
delivered to all, without regard for socio-economic status.

During his 42-year career at UT Southwestern and Parkland lMemorial Hospital, Dr.
Leveno was responsible for a number of innovations that reduced congestion,
relieved overburdened house staff, and improved patient access to care. To
facilitate the latter, he built an obstetrical service that integrated prenatal, delivery,
and postpartum care into a unified system. He developed a low-risk delivery unit
and created a nurse midwifery service. As a result of these innovations, 97% of
women delivering at Parkland have received prenatal care.

Those achievements alone would be sufficient for one lifetime. But Dr. Leveno had
more to offer. An editor of the seminal textbook, Williams Obstefrics, Dr. Leveno co-
authored the 19th through 25th editions. He was a physician—scientist, leader, and a
mentor with @ mission that was inspirational and a focus that was laser sharp.
Under his leadership, the way obstetricians were trained changed, and medical
students who never dreamed of a career in obstetrics became “converts.”

\Why sign up for one of the busiest matemnity services in the nation? The answer
was at once simple and complex. Dr. Leveno never lost sight of the patient. He set
a high bar for himself and for those he taught. He constantly reminded physicians
that they were responsible for measuring and improving the quality of care they
provided. He taught them to write and challenged them “to think critically and to
think big.” Even when the burdens of the service became onerous and deliveries
topped 16,000 annually, he reminded residents and fellows that each of those
16,000 women was an individual who entrusted her life to their care, and it was their
responsibility to treat her with dignity and provide the best care possible.

Kenneth Leveno, M.D.

Medical School: Creighton
University School of Medicine

Internship: Creighton University
School of Medicine, General
Surgery

Residency: St. Joseph's
Hospital, Phoenix, AZ, Obstetrics
and Gynecology

Fellowship: University of Texas
Southwestern Medical Center,
Maternal-Fetal Medicine

Subspecialty: Maternal-Fetal
Medicine

Years of Service: July 1, 1978 -
May 2, 2020

Congressional Tribute
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