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Noisy Outcomes

* Clinical judgment
* Preeclampsia vs gestational hypertension vs superimposed preeclampsia
* Preeclampsia with severe features
* Spontaneous preterm labor vs indicated preterm delivery
* PPROM vs preterm contractions
* Nomogram for fetal growth restriction

* Frequently combination of APOs
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Clinical Utility

* Benefit
* Prevent adverse outcome
* Decrease cost
* Improve satisfaction

* Unintended consequences
* Increased resource utilization
* Preterm delivery
* |Increased cost



Unintended Consequences

MONITORING WOMEN AT RISK FOR PRETERM LABOR

DonaLD C. Dyson, M.D., KareN H. DanBg, M.S.N., JupitH A. BAmBER, M.S.N., YvonNE M. CriTEs, M.D.,
D. RosiN FiELD, M.D., Jerrrey A. Maier, M.D., LAWRENCE A. NEwmAN, M.D., DeBoraH A. Ray, M.D,,
Davip L. WALTON, M.D., AND MARY ANNE ARMSTRONG, M.A.

Women witH Twin PREGNANCIES
OuTCcOME ALL Women (N=2422) (N =844)

WEEEKLY DAILY HOME WEEELY DAILY HOME
CONTACT CONTACT MONITORING CONTACT CONTACT MONITORING
(N=798) (N=796) (N=828) (N=280) (N=277) (N=287)

Preterm birth (%)

<37 wk 30 31 30 49 54 51
<35 wk 14 13 14 22 24 24
<32 wk 4 5 4 7 9 6
Birth weight
<1500 g 4 4 4 6 8 9
<2500 ¢ 26 26 28 52 55 59
No. of unscheduled visits*t 1.2*+15 1.8%x2.0 2.3%2.3 1.3x15 19+x20 25*+24
Prophylactic tocolytic-drug 121 141 191 81 11 163
therapy (%)t
Preterm labor <35 wk (%) 23 22 27 35 34 40

(N Engl J Med 1998;338:15-9.)
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Development and validation of a spontaneous preterm
delivery predictor in asymptomatic women

George R. Saade, MD; Kim A. Boggess, MD; Scott A. Sullivan, MD; Glenn R. Markenson, MD; Jay D. lams, MD;
Dean V. Coonrod, MD; Leonardo M. Pereira, MD; M. Sean Esplin, MD; Larry M. Cousins, MD; Garrett K. Lam, MD;
Matthew K. Hoffman, MD; Robert D. Severinsen, BS; Trina Pugmire, BS; Jeff S. Flick, PhD; Angela C. Fox, MS;
Amir J. Lueth, MPH; Sharon R. Rust, BS; Emanuele Mazzola, PhD; ChienTing Hsu, MS; Max T. Dufford, BS;

Chad L. Bradford, MS; llia E. Ichetovkin, PhD; Tracey C. Fleischer, PhD; Ashoka D. Polpitiya, DSc;

Gregory C. Critchfield, MD; Paul E. Kearney, PhD; J. Jay Boniface, PhD; Durlin E. Hickok, MD

Performance of IBP4/SHBG predictor

GA boundary AUC (95% CI) Sensitivity Specificity OR (95% Cl)
<37 vs >37 0.75 (0.56—0.91) 0.75 0.74 5.04 (1.4—18)
<36 vs >36 0.79 (0.53—0.99) 0.83 0.83 17.33 (2.2—138)
<35vs >35 0.93 (0.81—1.00) 1 0.83 34.47 (1.7—699)

MAY 2016 American Journal of Obstetrics & Gynecology 633.e1
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Prediction and Prevention of Preterm Birth:
A Prospective, Randomized Intervention Trial

D. Ware Branch, MD' John M. VanBuren, PhD? T. Flint Porter, MD' Calla Holmgren, MD'

Patients screened

Richard Holubkov, PhD? Kent Page, MStat? Julja Burchard, MS®  Garrett K. Lam, MD* bre
M. Sean Esplin, MD' 1322 (92%)

~ Ineligible
v 120 (8%)

'

4

Approached
1,261 (95%)

1|

Screened/Unscreened Ratio (95% CI) Screened (N = 589) Unscreened (N = 592) P-value

Primary Efficacy Outcome:

v

N

Spontaneous preterm birth (sPTB)
<37 weeks' —a— 16 (2.7%) 21 (3.5%) 0.413

Exploratory Assessments:

sPTB using Alternate Cutoffs

Y
<35 weeks? f = I 1(0.2%) 5(0.8%) 0.218 Consented
< 32 weeks? | L | 1 (0.2%) 2(0.3%) 1.000 1,208 (96%)

Exploratory Assessments:
Any preterm birth (PTB) using Various Cutoffs

Not approached - 61 (5%) h
* Subject unavailable (n=2)
+ Research staff unavailable (n=10)
+ Other reason (n=49)
J
\

Not consented - 53 (4%)
* Concerned about risks, survey
content, and/or procedures (n=1)
* Unable to wait/time restraints (n=9)
* Not interested in study (n=5)
*  Subject approached, but left and did
not return (n=11)
Other reason (n=13)
Reason unknown (n=14)

< 37 weeks? = 27 (4.6%) 36 (6.1%) 0.300 !
< 35 weeks? f——— 3 (0.5%) 10 (1.7%) 0.091 Randomized
< 32 weeks? } L | 2 (0.3%) 6(1.0%) 0.287 1,191 (99%)

- S
/Not randomized - 17 (1%) \

+ Screening blood sample not viable
(n=1)

* Subject developed exclusion
criteria (n=2)

*  Withdrawal of consent (n=2)

* Subject outside of blood draw
window (n=10)

e e ——rrrrr K Other reason (n=2) /
0.01 0.1 1 10 l l
Screened Group Unscreened Group
595 (50%) 596 (50%)
N

Primary Outcome Primary Outcome

Available Available

589 (99%) 592 (99%)

Am J Perinatol 2023;40:1071-1080.
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Clinical Utility

* Costly trials and limited resources
* No intervention proven to prevent outcome

* Balance benefit vs risk
* Positive finding may lead to unnecessary interventions
* Negative finding may lead to complacency

* Indication creep



Dynamic Gestation

* Gestational changes in the biomarker
* Symptomatic versus asymptomatic
* Impact of clinical management

* Gestational dating

» Affects interpretation of the results
* Affects outcome



The Maternal Plasma Proteome Changes as a Function of
Gestational Age in Normal Pregnancy: a Longitudinal Study
Roberto Romero, MD, D.Med.Sci.'2:34 Offer Erez, MD'-%, Eli Maymon, MD'-°, Piya

Chaemsaithong, MD'-°, Zhonghui Xu, MSc', Percy Pacora, MD'-°, Tinnakorn
Chaiworapongsa, MD'->, Bogdan Done, MD', Sonia S. Hassan, MD'-°, and Adi L. Tarca,
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Better Estimation of Spontaneous Preterm Birth Prediction
Performance through Improved Gestational Age Dating

Julja Burchard “*(2), George R. Saade 2, Kim A. Boggess >, Glenn R. Markenson *, Jay D. Iams %, Dean V. Coonrod ¢,

Leonardo M. Pereira 7, Matthew K. Hoffman 8, Ashoka D. Polpitiya !, Ryan Treacy !, Angela C. Fox !,
Todd L. Randolph 1 Tracey C. Fleischer 100, Max T. Dufford !, Thomas J. Garite !, Gregory C. Critchfield 1

J. Jay Boniface ! and Paul E. Kearney !
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Comparator

e Clinical factors most common

* Variability in comparator
* Generalizability
* Definitions

* When is comparator applied
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10096
75%-
50%-
Variable at enrollment AUC for sPE within 2 weeks

SBP 0.67 (0.62; 0.71)

259 DBP 0.70 (0.65; 0.74)

AST 0.66 (0.61; 0.71)

ALT 0.61 (0.56; 0.66)

Creatinine 0.65 (0.60; 0.70)

Platelets 0.57 (0.52; 0.62)

0% sFlt-1:PIGF 0.92 (0.89; 0.94)

1 1 1 1 1
0% 25% 50% 75% 100%

100 — Specificity
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Table 2. Demographic and Clinical Characteristics of the Primary Study Population (Validation Cohort).*

Circulating Angiogenic Factor Levels in

Published November 9, 2022
NEJM Evid 2022; 1 (12)
DOI: 10.1056/EVIDo0a2200161

Characteristic

Baseline and enrollment
Age — yr
Race
Asian
Black/African American
White/Caucasian
Ethnicity
Hispanic
Parity
Nulliparous
First-trimester BMI
Current smoker
Outpatient ASA in pregnancy
Gestational age at enrollment — wk
Highest systolic blood pressure at enrollment — mm Hg
Highest diastolic blood pressure at enrollment — mm Hg
Creatinine at enrollment — mg/dl
AST at enrollment — U/l
ALT at enrollment — U/l
Platelets at enrollment — x10%/pl
Highest urine protein: creatinine at enrollment
Study period and delivery}
Highest systolic blood pressure — mm Hg
Highest diastolic blood pressure — mm Hg
Creatinine — mg/d|
AST — U/l
ALT — U/l
Platelets — X103/l

Gestational age at delivery — wk

Neonatal weight at birth — g

All (N=556)

31.7+5.8

33 (5.9)
169 (30.4)
296 (53.2)

90 (16.2)

157 (28.2)
35.2+11.4
47 (8.5)

253 (45.5)
30.443.1

158.5+19.9
94.8+13.0

0.60.2
20.9+16.3

20.5438.6

252.9471.6

1.042.1

158.0+20.3
94.9113.8
0.710.2
34.3+52.2
34.1+64.7
23411721
33.8433
2193.3+887.5

No Severe Features (n=370)

32.345.6

21 (5.7)
120 (32.4)
199 (53.8)

56 (15.1)

83 (22.4)
35.7412.0
32 (8.7)
181 (48.9)
30.6+3.1
154.7+19.8
92.1413.5
0.6+0.2
20.0+18.6
21.5+47.5
256.7470.6
0.7+1.8

150.8£18.5
90.1+11.9
0.610.2
23.4424 .4
28.1167.4
244.3168.9
35.042.7

2508.3+781.5

Severe Features (n=186)

30.5%6.1

12 (6.5)
49 (26.3)
97 (52.2)

34 (18.3)

74 (39.8)
34.2410.0
15 (8.1)
72 (38.7)
30.143.1
166.0+18.0
100.1+10.3
0.740.2
22.6+10.6
18.6411.2
245.7473.3
1.542.5

W22 EE (5
104.4+12.2
0.740.3
49.5£73.0
42.5159.8
218.8+74.4
314431
1568.5+743.9
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Table 2. Demographic and Clinical Characteristics of the Primary Study Population (Validation Cohort).*
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Characteristic

Baseline and enrollment
Age — yr
Race
Asian
Black/African American
White/Caucasian
Ethnicity
Hispanic

Parity

[N |

Highest systolic blood pressure at enrollment — mm Hg
Highest diastolic blood pressure at enrollment — mm Hg
Creatinine at enrollment — mg/d|

AST at enrollment — U/I

ALT at enrollment — U/I

Platelets at enrollment — X107 /ul

Highest urine protein: creatinine at enrollment

o

Study period and delivery}
Highest systolic blood pressure — mm Hg
Highest diastolic blood pressure — mm Hg
Creatinine — mg/d|
AST — U/l
ALT — U/l
Platelets — X103/l
Gestational age at delivery — wk

Neonatal weight at birth — g

All (N=556)

31.7+5.8

33 (5.9)
169 (30.4)
296 (53.2)

90 (16.2)

1T e M

L& San o))

94.8113.0
0.610.2

20.9£16.3

20.5+38.6

252.91£71.6
1L {0RE 1L

158.0+20.3
94.9113.8
0.710.2
34.3+52.2
34.1+64.7
23411721
33.8433
2193.3+887.5

No Severe Features (n=370) Severe Features (n=186)
32.315.6 30.5%6.1
21 (5.7) 12 (6.5)

120 (32.4) 49 (26.3)
199 (53.8) 97 (52.2)
56 (15.1) 34 (18.3)
154.7£19.8
92.1£13.5
0.610.2
20.0+18.6
21.5+47.5
256.7£70.6
0.7£1.8
150.8+18.5 172.1415.6
90.1+11.9 104.4%12.2
0.610.2 0.740.3
23,4124 4 49.5+73.0
28.1167.4 42.5+59.8
244.3168.9 218.8174.4
35.042.7 314431

2508.3+781.5

1568.5+743.9

166.0+£18.0
100.1£10.3
0.7+0.2
22.6£10.6
18.6+11.2
245.7£73.3
D=0
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Table 2. Demographic and Clinical Characteristics of the Primary Study Population (Validation Cohort).*
Characteristic All (N=556) No Severe Features (n=370) Severe Features (n=186)
Baseline and enrollment
Age — yr 31.7+5.8 32.345.6 30.5%6.1
Race
Asian 33 (5.9) 21 (5.7) 12 (6.5)
Black/African American 169 (30.4) 120 (32.4) 49 (26.3)
White/Caucasian 296 (53.2) 199 (53.8) 97 (52.2)
Ethnicity
Hispanic 90 (16.2) 56 (15.1) 34 (18.3)
Parity
Nulliparous 157 (28.2) 83 (22.4) 74 (39.8)
First-trimester BMI 35.2+11.4 35.7£12.0 34.2410.0
Current smoker 47 (8.5) 32 (8.7) 15 (8.1)
Outpatient ASA in pregnancy 253 (45.5) 181 (48.9) 72 (38.7)
Gestational age at enrollment — wk 30.443.1 30.6+3.1 30.143.1
Highest systolic blood pressure at enrollment — mm Hg 158.5+19.9 154.7+19.8 166.0+18.0
Highest diastolic blood pressure at enrollment — mm Hg 94.8+13.0 92.1413.5 100.1+10.3
Creatinine at enrollment — mg/dl 0.6+0.2 0.6+0.2 0.740.2
AST at enrollment — U/l 20.9416.3 20.0+18.6 22.6£10.6
Study period and deliveryy
Highest systolic blood pressure — mm Hg 158.0+20.3 150.8+18.5 172,1415.6
Highest diastolic blood pressure — mm Hg 94.9+13.8 90.1+11.9 104.4+12.2
Creatinine — mg/dl 0.740.2 0.610.2 0.710.3
AST — U/I 34.31£52.2 23.4124.4 49.5+73.0
ALT — U/I 34.1164.7 28.1+67.4 42.5+59.8
Platelets — ><103[].l| 234.1£72.1 244.3168.9 218.8174.4

| Neonatal weight at birth — g 2193.3+887.5 2508.3+781.5 1568.5+743.9




Mechanisms of APOs

* Unknown for almost all APOs
* Syndromes or phenotypes of a single mechanism



Early pathways, biomarkers, and four distinct molecular subclasses of
preeclampsia: The intersection of clinical, pathological, and
high-dimensional biology studies

Nandor Gabor Than “™", M4té Posta®, Daniel Gyorffy >, Laszl6 Orosz©, Gergd Orosz ©,
Simona W. Rossi ¢, Géza Ambrus-Aikelin “, Andras Szilagyi?, Sandor Nagy#,

Petronella Hupueczi ", Olga Torok©, Adi L. Tarca ™, Offer Erez “™" Zoltan Papp ",
Roberto Romero

i,k,,m,n

High prevalence of Maternal metabolic Maternal metabolic and Highest percentage
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Study Design
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Early Utero-Placental Vasculature

Longitudinal Changes in Uterine Artery Pl / Spiral artery number
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Take Home Message

Pitfalls

* Noisy outcomes

* Two-step process (clinical utility)
* Dynamic gestation

* Comparator

* Mechanisms

Challenges

* Develop objective outcomes

* Insist on clinical utility

* Accurate dating and GA window
* Insist on clinical comparator

* Advocate for preclinical research
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