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Objective The study aimed to determine if a program of mid-trimester serum
proteomics screening of women at low risk for spontaneous preterm birth (sPTB)
and the use of a PTB risk-reduction protocol in those whose results indicated an
increased risk of sPTB would reduce the likelihood of sPTB and its sequelae.

Study Design Prospective comparison of birth outcomes in singleton pregnancies with mid-
trimester cervical length >2.5 cm and at otherwise low risk for sSPTB randomized to undergo or not
undergo mid-trimester serum proteomics screening for increased risk of sPTB (NCT 03530332).
Screen-positive women were offered a group of interventions aimed at reducing the risk of
spontaneous PTB. The primary outcome was the rate of sPTB <37 weeks, and secondary
outcomes were gestational age at delivery, total length of neonatal stay, and NICU length of stay
(LOS). Unscreened and screen-negative women received standard care. The adaptive study design
targeted a sample size of 3,000 to 10,000 women to detect a reduction in sPTB from 6.4 to 4.7%.
Due to limited resources, the trial was stopped early prior to data unblinding.

Results A total of 1,191 women were randomized. Screened and unscreened women
were demographically similar. sSPTB <37 weeks occurred in 2.7% of screened women
and 3.5% of controls (p =0.41). In the screened compared with the unscreened group,
there were no between-group differences in the gestational age at delivery, total
length of neonatal stay, and NICU LOS. However, the NICU LOS among infants admitted
for sPTB was significantly shorter (median = 6.8 days, interquartile range [IQR]: 1.8-8.0
vs. 45.5 days, IQR: 34.6-79.0; p=0.005).

Conclusion Mid-trimester serum proteomics screening of women at low risk for sPTB
and the use of a sPTB risk-reduction protocol in screen-positive patients did not
significantly reduce the rate of sPTB compared with women not screened, though the
trial was underpowered thus limiting the interpretation of negative findings. Infants in
the screened group had a significantly shorter NICU LOS, a difference likely due to a
reduced number of infants in the screened group that delivered <35 weeks.
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Key Points

Branch et al.

» Mid-trimester serum proteomics screening of women at low risk for sSPTB and the use of a SPTB risk-reduction protocol in
screen-positive patients did not significantly reduce the rate of sPTB, though the trial was underpowered.
» NICU LOS following sPTB was significantly shortened among women who underwent screening and risk-reduction

management.

* The use of serum biomarkers may contribute to a practical strategy to reduce sPTB sequelae.

Preterm birth (PTB), defined as delivery prior to 37 weeks
of gestation, remains the dominant cause of neonatal
morbidity and mortality throughout the world, including
up to 50% of pediatric neurodevelopmental disorders.’
Infants born prematurely are at increased risk for a variety
of long-term medical complications such as respiratory,
gastrointestinal, cardiovascular, and metabolic disor-
ders.? Interventions that reduce the effects of PTB would
have a profound impact on the medical, financial, and
emotional burden for these children, their families, and
the health care system.*

Clinical identification of women at risk of spontaneous
PTB (sPTB) has been based on nonspecific socioeconomic
factors, a history of prior preterm birth, or detection of a
short cervix.* History of a prior sPTB is the strongest predic-
tor’; however, 40% or more of pregnancies occur in nullipa-
rous women, and only 7.2% of multiparous women have a
history of sPTB.®” Shortening of the cervix occurs in approx-
imately 1 to 2% of the general population, but this finding has
amodest predictive value for sPTB in a nulliparous or general
multiparous population. Socioeconomic and demographic
risk factors for sPTB (African-American race, lower socioeco-
nomic status, and extremes of body mass index)*° are
relatively common in the general obstetric population and
have low positive predictive values.'? The unfortunate reali-
ty is that two-thirds of sSPTB occur among women without an
identifiable risk factor.®

Recognizing the limits of using clinical and demographic
risk factors to prevent sPTB,'' "' researchers have developed
serum proteomics assays that can be used to better risk
stratify women at otherwise low risk of sPTB.!” Differential
expression of two proteins (sex hormone binding globulin
and insulin-like growth factor-binding protein 4 accurately
stratify women who delivered prematurely from those who
did not: the AUC was 0.75 for predicting birth prior to
37 weeks, and the AUC was 0.93 for predicting birth prior
to 35 weeks. This proteomic test has been verified and
validated' and is commercially available (PreTRM, Sera
Prognostics, Inc. Salt Lake City, UT). Recently, this same
test was found to identify a higher risk of a composite index
of neonatal morbidity that includes both medical complica-
tions of PTB and NICU LOS.'®17

Risk stratification for sPTB using a serum proteomics
approach is intriguing, but whether such an approach will
prevent sPTB and reduce associated neonatal morbidity is
unknown. We sought to assess the clinical utility of the
PreTRM blood test in population screening and to determine
whether a predefined preterm birth prevention protocol
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utilized in screen-positive women would lead to a reduction
in sPTB.

Materials and Methods

Trial Design and Procedures

Ours was an investigator-initiated, prospective, randomized,
and controlled study enrolling women of any parity without
current or historical risk factors for sPTB, as detailed in the
inclusion and exclusion criteria (= Table 1) and with the mid-
trimester ultrasound finding of a cervical length >2.5cm.
One randomized arm was screened with the PreTRM test
(Sera Prognostics, Salt Lake City, UT) to stratify women as
increased risk of sPTB (screen-positive, risk >14%) versus
lower risk of sPTB (screen-negative, risk < 14%). The other
randomized arm was unscreened (the control arm). A ran-
domization sequence was created through block permuta-
tions of two, four, and six, stratified by clinical site.
Coordinators implemented the randomization process using
an online randomization sequence. Outcomes were com-
pared across the entirety of both arms. Enrollment began in
May, 2018 at multiple clinical sites, including clinic-based,
community-based, and hospital-based locations. All partic-
ipants were consented prior to 19 to 20 weeks and had a
serum sample obtained between 19°/7 and 20%7 weeks. They
were randomly assigned in a 1:1 ratio to have screening with
the PreTRM test (Sera Prognostics, Inc.) or not. Gestational
age (GA) at blood draw between 19°/7 and 20%/7 falls within
clinically validated blood draw range of the PreTRM test.'”
The unscreened group received standard obstetric care in
their community setting. Screen-negative women and those
without usable blood samples also received standard obstet-
ric care in their community setting.

A sPTB risk-reduction protocol was designed to include
several interventions (including progesterone supplementa-
tion, cervical length surveillance, daily low dose aspirin, and
weekly contact for review of symptoms) that have been
shown to be effective at preventing PTB in other women at
high risk for PTB. The protocol offered to screen-positive
women included two visits to a preterm birth prevention
clinic (at <24 weeks and at 26-30 weeks). At the first visit, all
participants were evaluated for clinical signs and symptoms
of PTB, and were offered weekly contact, including phone call
and/or a digital risk-reduction program for sPTB (CareCentra,
New York City, NY) and access to 24-hour support. Partic-
ipants accessed the app-based platform to assess for con-
cerning symptoms using a standardized survey with pre-
programmed pathways that trigger clinical evaluations,
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Table 1 Study inclusion and exclusion criteria

Inclusion criteria

Participant >18 y of age

No medical contraindications to continuing pregnancy
No previous classical cesarean section

No known uterine anomaly

No history of cervical conization

No history of spontaneous preterm delivery
No prior PPROM <347 wk of gestation
No signs and/or symptoms of preterm labor

Intact membranes

Exclusion criteria

Planned cerclage placement for the current pregnancy

Known elevated bilirubin levels (hyperbilirubinemia)

Uncomplicated singleton intrauterine pregnancy <21 wk of estimated gestation

No plan for cesarean section prior to 37%7 wk of gestation

No plan for induction of labor prior to 37%7 wk of gestation

No history of blood transfusion during the current pregnancy

Participants who have taken or planned to take progesterone beyond 13%7 wk of gestation prior to study enrollment

Any other medical conditions that put participant at increased risk of preterm birth in the judgment of the site investigator

Previously identified short cervix (<2.5 cm by transvaginal ultrasound) prior to enrollment

Known major structural fetal anomalies that may shorten pregnancy (e.g., anencephaly, holoprosencephaly, schizencephaly,
gastroschisis, omphalocele, and congenital diaphragmatic hernia)

Known fetal genetic anomalies incompatible with life (e.g.,

The participant has taken or planned to take any of the following medications after the first day of the last menstrual period:
enoxaparin, heparin, heparin sodium, low molecular weight heparin, and low dose aspirin

A history of allergic reaction to aspirin or 17-OHPC injections

trisomy 13 or trisomy 18)

Abbreviations: PPROM, preterm premature rupture of the membranes; 17-OHPC, 17-alpha hydroxyprogesterone.

persuade compliance with treatment plans (i.e., medication
use, visits, etc.), and allow for personalized communication
from participant to the care team. Screen-positive women
were offered treatment with low-dose aspirin (LDA; 81 mg
daily) and weekly intramuscular 17-hydroxyprogesterone
(17-0OHP; 250 mg each week) or nightly vaginal progesterone
(200 mg each night) until 36 weeks. Compliance was encour-
aged by frequent communication and assessed by self-re-
port. Women were similarly assessed at the second preterm
birth prevention visit, and underwent ultrasound measure-
ment of cervical length. If the cervical length was found to be
less than 2.5 cm, the women were evaluated for evidence of
labor, considered for treatment with antenatal steroids, and
offered vaginal progesterone if not on vaginal progesterone.

The estimated date of delivery was determined in accor-
dance with American College of Obstetricians and Gynecol-
ogist guidelines.'® An adjudication committee consisting of
three independent Maternal-Fetal Medicine physicians
reviewed each PTB for final classification as spontaneous
versus medically indicated.

The adaptive study design targeted a sample size of
between 3,000 and 10,000 women to detect a reduction in
sPTB from 6.4 to 4.7%. The trial originally included interim

assessments to select the final sample size.'® Depending on
the variability observed, the adaptive design would stop at a
sample size once futility or efficacy was determined. Due to
insufficient funds, the study was terminated after 10 months
of enrollment and prior to any unblinding and interim
assessment of the data. The study analyses were focused
on prespecified nonprimary outcomes of major clinical
importance.

Trial Oversight

The investigators designed the trial and supervised its con-
duct, and they were wholly responsible for the interpretation
of results. An independent Data Coordinating Center at the
University of Utah aided in designing the study statistical
plan and received limited-use data for analysis. An indepen-
dent Data Safety and Monitoring Board comprised of two
Maternal-Fetal Medicine physicians and a biostatistician not
otherwise associated with the study met at prespecified time
points to ensure the integrity and safety of the study. Sera
Prognostics, Inc. funded the study, performed the serum
proteomics screening tests, and reported results to study
personnel. Sera personnel were not involved in any
aspect of clinical care, participant data collection, or the
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determination of the pregnancy outcomes. Confidentiality
agreements were in place between the authors and the
sponsor. The trial was approved by the Intermountain
Healthcare’s institutional review board (1050481) and reg-
istered on ClinTrials.gov (NCT 03530332).

PreTRM Test (Sera Prognostics, Inc.) and Risk
Assignment

Screening proteomics test results indicating a risk of sPTB of
>14% were considered at increased risk for sPTB (screen
positive). This cut-off was derived from a pilot study of the
distribution of risk scores within the Utah population to be
studied; it was determined that a risk cut-off of >14% would
identify 20 to 30% of our Utah population as being at
increased risk for sPTB.

Patients

Women with singleton pregnancy were eligible for partici-
pation if they were >18 years of age, had a cervical length
>2.5cm at the time of mid-trimester ultrasound, had no
medical contraindications to continuing pregnancy, and had
intact membranes with no signs and/or symptoms of pre-
term labor (~Table 1).

Exclusion criteria included prior sPTB <37 weeks, cervical
insufficiency, prior cervical conization, prior classical cesar-
ean, known uterine anomaly, allergy to aspirin or 17-OHP, or
a medical or obstetrical condition that the site investigator
considered a contraindication due to an increased risk of PTB
(=Supplementary Table S1 [available in the online version]).
Women also were ineligible if any of the following applied:
progesterone use beyond 13%/7 weeks, use of a heparin agent,
planned cesarean section or induction of labor prior to
37 weeks, planned cerclage placement, or a fetus with known
major structural or genetic anomalies. Informed consent was
obtained on all patients in the trial.

Outcomes

The primary outcome of the study was the proportion of
participants experiencing sSPTB <37 weeks due to preterm
labor or preterm premature rupture of membranes in the
absence of clinically evident infection, placental abruption,
or other indications for preterm delivery.

The original secondary outcomes were the proportion
of any PTB, total length of neonatal hospital stay for sPTB,
and any PTB, respectively. These were changed on May 16,
2019 after discussion with investigators, lead statisticians,
and representatives of Sera Prognostics, Inc. to GA at
delivery, total length of neonatal stay, and neonatal inten-
sive care unit (NICU) length of stay (LOS) among all neo-
nates admitted to the NICU. These changes were instigated
after reviewing results of independent studies indicating
that in similar populations, the rate of sPTB was much
lower than anticipated when we designed our study,
making the possibility our study would have sufficient
power to detect the primary outcome unlikely. All changes
were made prior to reviewing unblinded data and appro-
priate documents (e.g., protocol and statistical analysis
plan) were updated.
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Exploratory outcomes comprised a variety of maternal
and neonatal outcomes including neonatal LOS among PTBs
or sPTBs, and the components of a published composite
morbidity index that incorporates both complications of
prematurity and NICU LOS.'®

Statistical Analysis

The primary outcome was compared between study arms by
using a Chi-squared test with an a threshold of 0.05. During
enrollment, no efficacy or futility assessments were per-
formed per the original study design so the Type I error is
maintained at 0.05. The secondary and continuous explor-
atory outcomes are compared by using a Wilcoxon’s rank-
sum test. Categorical exploratory outcomes were compared
by using a Chi-squared test. When expected counts were low,
Fisher’s exact test was used. Lengths of stay were truncated
to 28 days after the 40th week of gestation for neonates
hospitalized longer than 28 days beyond the 40th week of
gestation. Cases of stillbirth and neonatal death were given
the worst possible score in the rank-based comparisons of
LOS. Exploratory Kaplan-Meier estimates of NICU LOS were
compared between study arms with the use of a log-rank
test. Risk ratios and asymptotic 95% confidence intervals
(CIs) were calculated in SAS for the primary efficacy out-
come. For related exploratory outcomes involving sPTB and
any PTB rates, risk ratios and Melded 95% Cls corresponding
to Fisher’s exact tests were calculated by using the exact2 x 2
package in R.20-22 All other analyses were performed by
using SAS software, version 9.4 (SAS Institute). All p-values
and CIs reported are two-sided. In that the trial was termi-
nated, there were no corrections for multiple comparisons;
the findings are meant to serve as hypothesis generating and
are to be interpreted with caution.

Results

We approached 1,261 of 1,322 eligible women, consented
1,208, and ultimately randomized 1,191 to undergo mid-
trimester serum proteomics screening (n=595) or not
(n=596; ~Fig. 1). Ten randomized women (six screened
and four unscreened) delivered outside of our health care
system, and outcome data were not available, leaving 1,181
pregnancies (99%) available for analysis. Four women were
later found to have a history of indicated, nonspontaneous
PTB after review of records (one screened and three un-
screened); these women remained in the study. As shown in
=Supplementary Table §1 (available in the online version),
screened and unscreened women were similar in demo-
graphically pertinent variables, including race, marital sta-
tus, insurance type, education level, and approximate
household income. Of note, 91.7% of participants were white
(Hispanic and non-Hispanic) and less than 1% Black or
African-American. Over 80% were married, 79% had com-
mercial insurance, and over 45% had a 4-year college degree.

Of women who underwent serum proteomics screening,
198 (33.3%) were screen positive and all were offered the
sPTB risk-reduction protocol; 65.7% attended the first and
64.1% attended the second prematurity prevention clinic
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* Concerned about risks, survey
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A 4
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* Notinterested in study (n=5)

* Subject approached, but left and did
not return (n=11)

* Other reason (n=13)

* Reason unknown (n=14)

.

J
/Not randomized - 17 (1%) \

* Screening blood sample not viable
(n=1)

A
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1,191 (99%)

A4 A4
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* Subject developed exclusion
criteria (n=2)

* Withdrawal of consent (n=2)

* Subject outside of blood draw

Other reason (n=2)

window (n=10)

s N e N
Screened Group Unscreened Group
595 (50%) 596 (50%)
. /
v \ 4
4 N\ o ™\
Primary Outcome Primary Outcome
Available Available
589 (99%) 592 (99%)

Fig. 1 Diagram of enrollment and randomization.

visit. In total, 39.4% consented to treatment with 17-OHP,
with 82.1% of these acknowledging no missed treatments;
66.7% consented to treatment with LDA, and 65.2% of these
acknowledged no missed treatments. In total, 141 women
(71%) agreed to weekly contact.

The overall rate of sSPTB <37 weeks in our population was
3.1% (37 of 1,181 deliveries; =Fig. 2). SPTB occurred in 16
(2.7%) of screened and 21 (3.5%) of unscreened women
(p=0.413). The relative risk for sPTB was 0.77 (95% Cl:
0.40-1.45) for the screened versus the unscreened women.
The risk difference was —0.008 (—0.028 to 0.012). Therefore,

while an 0.8% of absolute benefit was observed per the 95%
CI, we cannot rule out a benefit as high as 2.8% or as harmful
as 1.2%. Of the 196 screen-positive women, only four (2.0%)
had sPTB, and none were before 35 weeks. There were only
five sSPTBs <34 weeks in the entire study population, one in
the screened group, and four in the unscreened group. No
differences were found with regard to compliance with the
PTB risk-reduction protocol. In total, 27 (4.6%) and 36 (6.1%)
of screened and unscreened women, respectively, had PTB
<37 weeks gestation for any reason (i.e., SPTB or PTB for other
indications) (p =0.300), and PTB <34 weeks occurred in only
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Screened/Unscreened Ratio (95% CI) Screened (N = 589) Unscreened (N = 592) P-value
Primary Efficacy Outcome:
Spontaneous preterm birth (sPTB)
<37 weeks' —=— 16 (2.7%) 21 (3.5%) 0.413
Exploratory Assessments:
sPTB using Alternate Cutoffs
<35 weeks? | - i 1 (0.2%) 5(0.8%) 0218
<32 weeks? f = | 1(0.2%) 2(0.3%) 1.000
Exploratory Assessments:
Any preterm birth (PTB) using Various Cutoffs
< 37 weeks? = 27 (4.6%) 36 (6.1%) 0.300
< 35 weeks? e 3 (0.5%) 10 (1.7%) 0.091
<32 weeks? s 2(0.3%) 6 (1.0%) 0.287

0.01 0.1

! Chi-squared test. 2 Fishers exact test.

Fig. 2 Primary study efficacy outcome and additional exploratory assessments of treatment effect in screened and unscreened groups.

11 women (three in the screened group and eight in the
unscreened group). There were no significant differences in
indicated PTB between the screened and unscreened groups.

There were no significant differences between the
screened and unscreened groups in the median GA at deliv-
ery (p=0.464), the median NICU LOS among all neonates
admitted to the NICU (p =0.231), or the median total length

of neonatal stay for all infants admitted for any indication
(p=0.250; =Table 2). Also, the median GA at delivery
following any PTB or sPTB did not differ between the
screened and unscreened groups (p=0.856 and p=0.951,
respectively). Using the prespecified Wilcoxon’s rank-sum
test, among the subgroup of infants admitted to the NICU
after sPTB, the median NICU LOS was significantly lower in

Table 2 Neonatal secondary outcomes in screened and unscreened groups

Group

Screened
(n=589)

Gestational age at delivery, median (IQR)

39.1 (38.6-39.7)
36.4 (35.1-36.6)
36.4 (35.5-36.6)

Any indication
Following PTB
Following sPTB

Any indication 53
6.0 (3.7-8.0)
Following PTB 10
7.6 (6.6-29.6)
Following sPTB 6
6.8 (1.8-8.0)
NICU length of stay (d)> among all neonates, mean (SD)
Any indication 0.7 (3.83)
Following PTB 6.4 (14.45)
Following sPTB 2.0 (3.31)

Any indication 1.9 (1.5-2.4)
Following PTB 2.2 (1.9-7.2)
Following sPTB 2.2 (1.9-6.9)

NICU length of stay (d)> among neonates admitted to the NICU: n, median (IQR)

Total neonatal length of stay (d)® among all neonates, median (IQR)

Unscreened p-Value (comparing arms)
(n=592)

39.1 (38.7-39.7) 0.464c°
36.1 (34.3-36.7) 0.856°
36.1 (35.1-36.7) 0.951°
45 0.231°
6.1 (3.2-23.3)

13 0.028°
36.7 (17.2-52.0)

6 0.005°
45.5 (34.6-79.0)

1.4 (9.48) 0.494°
17.2 (34.05) 0.494°
17.4 (36.10) 0.733?
1.9 (1.5-2.4) 0.250°
3.4 (2.0-35.6) 0.087°
3.1(2.1-17.2) 0.257°

Abbreviations: SD, standard deviation; sPTB, spontaneous preterm birth.
“Wilcoxon’s rank sum test.

bTruncated to 28 days of life after the 40th week of gestation for those participants hospitalized longer than 28 days beyond the 40th week of

gestation.
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the screened compared with the unscreened group (6.8 days,
IQR: 1.8-8.0 vs. 45.5 days, IQR: 34.6-79.0; p=0.005). Simi-
larly, a significant median difference was observed among
infants admitted after any PTB (7.6 days, IQR: 6.6-29.6 vs.
36.7 days, IQR: 17.2-52.0; p=0.028). PTB infants in the
screened group accumulated 172 total NICU days versus
619 total days in the unscreened group. Similarly, PTB infants
in the screened versus unscreened groups spent 204 and 700
total days in the hospital before discharge, respectively.

Neonatal secondary outcomes among women undergoing
screening are shown in =Table 3. There were no significant
differences between the screen positive and screen negative
groups in median GA at delivery (p = 0.241), the median NICU
LOS among all neonates admitted to the NICU (p = 0.359) or the
median total length of neonatal stay for all infants (p =0.432).
The median GA at delivery following any PTB or sPTB did not
differ between the screen positive and screen negative groups
(p=0.455 and p=0.058, respectively). There were no NICU
admissions among screen positive women, whereas the me-
dian NICU LOS among the sPTB infants in the screen negative
group was 6.8 days (IQR: 1.8-8.0).

In an exploratory post hoc comparison of NICU LOS among
all admitted neonates using the logrank test, which com-
pares risks of events between arms over time and gives more

Prediction and Prevention of Preterm Birth Branch et al.

weight to differences at the extreme tail of the NICU dis-
charge distributions, the NICU LOS for all admitted neonates
was significantly different between arms (p=0.04)
(=Fig. 3A). In a similar post hoc analysis (~Fig. 3B, C),
NICU LOS among all neonates admitted due to PTB or sPTB
was significantly different between arms by log-rank test
(p=0.03 and p < 0.001, respectively).

We also compared the severe neonatal composite mor-
bidity and mortality index'® in the screened and unscreened
groups. Among sPTB infants, a larger proportion of the
screened group had lower, less morbid scores of 0 to 2
following sPTB compared with the unscreened group (93
vs. 76%, respectively; = Table 4), and a smaller proportion of
the screened group had a higher, more morbid score 3 or
more (7 vs. 24%, respectively), though the differences were
not significant. Overall, the screened group had fewer scores
of 3 or more (1%) compared with the unscreened group (2%),
though again the difference was not significant (p=0.061).
The reduction in severe scores appeared to be associated
with fewer infants having a NICU LOS more than 20 days in
the screened compared with the unscreened group. There
were no differences between the screened and unscreened
groups with respect to other exploratory obstetric and
neonatal outcomes.

Table 3 Neonatal secondary outcomes in screen-positive and screen-negative women

Screened group

Screen-positive
(n=196)

Gestational age at delivery, median (IQR)

39.1 (38.6-39.7)
36.4 (35.1-36.7)
36.6 (36.5-36.7)

Any indication
Following PTB
Following sPTB

Any indication 14
3.9 (3.4-6.0)
Following PTB 2

51.7 (48.2-55.2)
Following sPTB

NICU length of stay (days)® among all neonates, mean (SD)

Any indication 0.9 (5.59)
Following PTB 9.4 (20.97)
Following sPTB 0.0 (0.00)¢

Any indication 1.8 (1.5-2.2)
Following PTB 1.8 (1.7-2.2)
Following sPTB 1.8 (1.6-1.9)

NICU length of stay (days)® among neonates admitted to the NICU: n, median (IQR

Total neonatal length of stay (days)® among all neonates, median (IQR)

Screen-negative p-Value

(n=393)

39.1 (38.6-39.7) 0.241°

36.1 (35.3-36.4) 0.455°

35.9 (35.2-36.4) 0.058°
)

39 0.359°

6.6 (3.7-8.2)

8 0.050°

7.2 (4.2-8.1)

6

6.8 (1.8-8.0)

0.7 (2.54) 0.2137

4.3 (7.58) 0.150°

2.7 (3.61) 0.071°

1.9 (1.5-2.4) 0.432°

2.7 (2.0-7.6) 0.061°

2.7 (2.1-7.6) 0.006°

Abbreviations: NICU, neonatal intensive care unit; sPTB, spontaneous preterm birth.

*Wilcoxon’s rank sum test.

bTruncated to 28 days of life after the 40th week of gestation for those participants hospitalized longer than 28 days beyond the 40th week of

gestation.

“There were no NICU admissions among participants following sPTB in the screen-positive group. All participants in this group had a value of 0 for

NICU length of stay (days).
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A. All NICU admissions

1.0

Unscreened
Logrank p=0.0384

Screened

0.9
0.8 -
0.7
0.6
0.5
0.4
0.3

0.2

Proportion not yet discharged

0.1+

0.0 -

T T T T T T
0O 10 20 30 40 50

NICU length of stay (days)
Number not yet discharged
Screened 53 8 4 2 2 1 0
Unscreened 45 16 12 8 5 4 3 3 2 2 2 2 2 1 1 0

T T T T T T T

T T T
60 70 80 90 100 110 120 130 140 150

B. NICU admissions after PTB

1.0

Unscreened
Logrank p=0.0348

Screened
0.9

0.8
0.7
0.6
0.5

0.4
0.3

0.2

Proportion not yet discharged

0.1

0.0 -

0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

NICU length of stay (days)
Number not yet discharged
Screened 10 3 3 2 2 1 0
Unscreened 13 12 9 8 5 4 3 3 2 2 2 2 2 1 1 0

C. NICU admissions after sPTB
1.0

Unscreened
Logrank p=0.0005

Screened
0.9

0.8
0.7

0.6
0.5
0.4 -

0.3

Proportion not yet discharged

0.2

0.1+

0.0 -

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

NICU length of stay (days)
Number not yet discharged
Screened 6 0
Unscreened 6 6 5 5 3 3 2 2 1 1 1 1 1 1 1 0

Fig. 3 Kaplan-Meier survival curves comparing length of neonatal
intensive care unit stay (days) among screened (red line) and unscreened
(blue line) groups. (A) Figure depicts outcomes for all births, (B) depicts
outcomes following all PTBs for each group, and (C) depicts outcomes
following sPTB in each group. sPTB, spontaneous preterm birth.

Discussion

Principal Findings

In our study of over 1,100 women with mid-trimester cervi-
callength > 2.5 cm and at otherwise low risk for sPTB, the use
of a validated serum proteomics screening test in the mid-

American Journal of Perinatology ~ Vol. 40 No. 10/2023 © 2021. The Author(s).

trimester and a sPTB risk reduction protocol in screen-
positive patients did not significantly reduce the rate of
sPTB in screened women compared with women not
screened. However, due to limited resources, the trial was
stopped (fully blinded to outcomes across and between study
arms) prior to achieving the prespecified target sample size
for adequate statistical power to detect a difference if one
exists. Despite this low sample size and the lower-than-
projected sPTB rate observed in our enrolled population,
we noted that among the subgroup of infants admitted to the
NICU after sPTB, the median LOS was significantly lower in
the screened compared with the unscreened group. We posit
that this is likely due to fewer sPTB infants <35 weeks at
delivery in the screened compared with the unscreened
patients, but the small number of cases does not allow other
factors to be excluded. Though not a prespecified secondary
outcome, this signal among the outcomes deserves further
study.

Results in Context of What is Known

The increasing rate of PTB among pregnant women in the
United States is at least partly due to the current tertiary
approach to address this condition. A more effective strategy
would be to risk-stratify women, early in the course of their
pregnancy such that effective interventions could be initiat-
ed well before the onset of clinical signs and symptoms of
sPTB. Other intervention trials have used various means of
risk stratification using clinical risk scores, obstetric history,
vaginal markers, vaginal infections, or the presence of a short
cervix to identify patients at risk of preterm birth. Likewise,
interventions to prevent sPTB in screen positive women,
including nutritional supplements, patient education, anti-
biotics, weekly contact, cerclage, hormonal therapy, and
uterine contraction monitoring have had inconsistent suc-
cess.” However, the modest success of interventions like
progesterone supplementation or cerclage to decrease the
rate of recurrent sSPTB among women with a history of a prior
sPTB demonstrates the potential of such interventions in
women at higher risk.

Ours is one of the first trials to assess the clinical utility of
mid-trimester serum proteomics screening for risk of sSPTB in
women without acknowledged risk factors, and the first to
offer screen-positive women plausible risk-reduction man-
agement. The serum proteomic screening test we used has
been validated'® for the identification of women at higher
risk for sPTB, but until now, there has been no evidence that
such information can be used to safely improve neonatal
outcomes. This is especially important given concerns re-
garding unnecessary or unproven care.”> Though we did not
have power to assess whether serum screening reduced the
rate of sPTB < 37 weeks, our findings suggest shorter NICU
LOS among admitted neonates from screen positive preg-
nancies. Indeed, primarily as a result of the shorter NICU LOS
among those screened, we found that one of our exploratory
outcomes, the composite neonatal morbidity index, was
improved with regard to severe index scores. In turn, we
speculate that this may be due to fewer PTBs prior to
35 weeks in the screened group.
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Table 4 Composite morbidity/mortality score
Overall PTB sPTB
Screened Unscreened p-Value Screened Unscreened p-Value Screened Unscreened p-Value
(n=584) (n=587) (n=25) (n=36) (n=15) (n=21)
Composite
morbidity/
mortality
score, n (%)
0 511 (88) 517 (88) 14 (56) 18 (50) 8 (53) 13 (62)
1 44 (8) 41 (7) 2 (8) 4(11) 2(13) 2(10)
2 24 (4) 15 (3) 5 (20) 3(8) 4 (27) 1(5)
3 4 (1) 11 (2) 3(12) 8 (22) 0 (0) 4 (19)
4 1(0) 3(1) 1(4) 3(8) 1(7) 1(5)
Composite 0.061° 0.238° 0.367°
morbidity/
mortality
score, n (%)
0-2 579 (99) 573 (98) 21(84)  25(69) 14(93) 16 (76)
3-4 5 (1) 14 (2) 4 (16) 11 (31) 1(7) 5 (24)
Abbreviation: sPTB, spontaneous preterm birth.
Fisher’s exact test.
Funding

Strengths and Limitations

The strengths of our study are several. We were able to
consent and randomize over 90% of eligible women and to
obtain outcome data on 99% of these. Our approach to risk-
reduction was straightforward and clinically pragmatic. Ex-
cluding the serum proteomics screening cost, maternal costs
related to our risk-reduction management were quite mod-
est. Over 90% of enrolled women delivered in a single health
care system allowing confidence in pregnancy outcomes and
costs. All preterm birth outcomes were independently adju-
dicated by Maternal-Fetal Medicine specialists.

This study has several limitations. First, it was premature-
ly terminated because of inadequate funding. Second, the
rate of sSPTB was just over 3%, much less than the expected
6.4% rate we used in used in designing the study. Third, even
though we observed a statistical difference in the NICU LOS
among neonates admitted after sPTB, we did not adjust for
multiple comparisons of all analyses performed, so results
should be interpreted with caution. Finally, our findings may
not be generalizable to the general U.S. population because
our study population lacks ethnic diversity and over 75% of
participants had commercial insurance.

Conclusion

In summary, we did not find that serum proteomic screening
of a low risk population coupled with a sPTB risk-reduction
protocol in screen positive patients resulted in a significantly
lower rate of sPTB <37 weeks, though our study was
underpowered. Our findings of a shortened NICU LOS fol-
lowing sPTB in the screened group are important exploratory
outcomes that should prompt further study.
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