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(57) ABSTRACT

The present invention relates generally to methods for treat-
ing early and late onset pre-eclampsia, as well as to methods
of screening for and predicting the likelihood that a pregnant
female patient will develop early and/or late pre-eclampsia,
by assessing specific combinations of factors. In the methods
of the invention, the a priori risk of developing early preec-
lampsia may be calculated utilizing coefficients for each of
the maternal factors (binary variables), the coefficients being
generated utilizing logistic regression analysis. The a poste-
riori risk of developing early preeclampsia may be calculated
utilizing coefficients for each of the patient-specific factors,
the coefficients being generated utilizing logistic regression
analysis.
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PRE-ECLAMPSIA SCREENING METHODS

[0001] This application claims priority to U.S. Provisional
Patent Application No. 61/637,637, filed on Apr. 24, 2012,
titled “Solution on pre-eclampsia screening on general popu-
lation of pregnant women,” the entirety of which is incorpo-
rated by reference herein.

FIELD OF INVENTION

[0002] The present invention relates generally to methods
for treating early and late onset pre-eclampsia, as well as to
methods of screening for and predicting the likelihood that a
pregnant female patient will develop early and/or late pre-
eclampsia, by assessing specific combinations of factors.

BACKGROUND OF THE INVENTION

[0003] Pre-eclampsia (PE) occurs in approximately 2-3%
of pregnancies. In developed countries, PE is the primary
cause of maternal admission to intensive care units and causes
approximately 15% of all pregnancy-related deaths. Addi-
tionally, PE is associated with an increased risk of perinatal
mortality and is the cause for approximately 10% of stillbirths
and 15% of preterm births.

[0004] PE is generally characterized by hypertension and
proteinuria after 20 weeks of gestation in a previously nor-
motensive woman, although this definition varies among dif-
ferent organizations. The disease has been further subdivided
into mild, moderate, and severe PE, as well early and late
onset PE. Farly onset PE is the clinical form that contributes
most significantly to adverse outcomes. The precise etiopa-
thology remains the subject of intensive research, though it is
believed to be multifactorial. Research suggests that the pres-
ence of the placenta, rather than the fetus, is responsible for
the development of pre-eclampsia.

[0005] Recentstudies suggest that various factors may have
predictive value in assessing the likelihood that an individual
will develop PE, including maternal history, biochemical
markers, and biophysical markers in the first trimester of
pregnancy, a period in which prophylactic strategies may be
most effective. The use of various factors to aid in predicting
early and late onset PE have had varying rates of success.
[0006] The variability in detection rates from previous
studies is likely due in part to methodological limitations, and
in particular, because of the specific, limited populations of
pregnant women that have been assessed in these studies. For
example, many studies investigating the predictive value of
certain factors have used a study population located in the
UK. The selection of this study population has likely had a
large impact on the outcome and applicability of the data,
because, for example, in southern European countries, the
rates of obesity and chronic hypertension are lower than in the
UK. Furthermore, many previous studies have made assess-
ments late in the first trimester, which can also influence the
extent to which certain measured factors can predict the onset
of the condition.

[0007] Thereis aneed therefore, for effective first trimester
screening methods for both early and late onset PE, so that
appropriate management of PE patients can be initiated as
soon as possible.

SUMMARY OF THE INVENTION

[0008] In accordance with the foregoing objectives and
others, the present invention identifies unique combinations
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of factors that can predict the likelihood of a pregnant female
patient developing early or late onset pre-eclampsia. The
assessment of these factors can be used clinically in screening
tests for early and late onset pre-eclampsia, which can poten-
tially alter the course of treatment for such patients.

[0009] Inoneaspect ofthe invention, methods are provided
for treating a pregnant female patient comprising determining
the a priori risk of developing early onset pre-eclampsia
(early pre-clampsia), and determining the a posteriori risk of
developing early pre-eclampsia.

[0010] Determining the a priori risk of developing early
pre-eclampsia in a pregnant female patient may include the
assessment of various maternal factors, such as previous pre-
eclampsia, chronic hypertension, and renal disease. Deter-
mining the a posteriori risk of developing early pre-eclampsia
in a pregnant female patient may include the assessment of
various patient-specific factors, such as mean uterine artery
pulsatility index (UtA-PI), mean arterial pressure (MAP), and
a priori risk of developing early pre-eclampsia.

[0011] In the methods of the invention, the a priori risk of
developing early pre-eclampsia may be calculated utilizing
coefficients for each of the maternal factors (binary vari-
ables), the coefficients being generated utilizing logistic
regression analysis. The a posteriori risk of developing early
pre-eclampsia may be calculated utilizing coefficients for
each of the patient-specific factors, the coefficients being
generated utilizing logistic regression analysis.

[0012] Inoneembodiment, the a posterioririsk of develop-
ing early pre-eclampsia is determined by e*/[1+e], where Y
is calculated as —0.363+(2.653 log a priori risk)+(12.88xlog
multiple of the expected normal median (MoM) mean UtA-
PD)+(25.915xlog MoM mean arterial pressure); and where
said a priori risk is determined by e’/[1+€”], where Y' is
calculated as -5.617+(2.659 if previous pre-eclampsia)+(1.
729 if chronic hypertension)+(3.765 if renal disease).

[0013] The treatment methods of the invention also com-
prise determining whether the a posteriori risk of developing
early pre-eclampsia exceeds a pre-determined threshold risk.

[0014] A treatment to may be provided to the pregnant
female patient if the calculated a posteriori risk exceeds the
pre-determined threshold risk. In some embodiments the
detection rate for detecting early pre-eclampsia by the meth-
ods of the invention is at least about 80%, with a false positive
rate of about 10%. In other embodiments, the detection rate
for detecting early pre-eclampsia by the methods of the inven-
tion is at least about 90%, with a false positive rate of about
15%.

[0015] The treatment provided to a patient determined to
have an a posteriori risk above the pre-determined threshold
risk may include one or more of the following: administering
a pharmaceutical agent to the patient to prevent, treat, reduce
the severity of, or delay the onset of pre-eclampsia or eclamp-
sia; implementing a change in diet or nutrition; inducing
labor; performing a Cesarean-section; increasing the fre-
quency of blood pressure measurements for said patient;
increasing the frequency of blood testing; and increasing the
frequency of fetal monitoring.

[0016] In one aspect of the invention, the patient-specific
factors that are assessed do not comprise one or more of
placental growth factor (PIGF), vascular endothelial growth
factor (VEGF), free f-human chorionic gonadotropin (fp-
hCG), placental protein 13 (PP13), Inhibin A, a disintegrin
and metalloprotease-12 (ADAM12), or anti-angiogenic pro-
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teins including soluble endoglin (sEng) and the soluble trun-
cated form of the full-length VEGF receptor type-1 (sFlt1).
[0017] In another aspect of the invention, the patient-spe-
cific factors that are assessed do not comprise biochemical
markers.

[0018] In yet another aspect of the invention, methods are
provided for treating a pregnant female patient comprising
determining the a priori risk of developing late onset pre-
eclampsia (late pre-clampsia), and determining the a poste-
riori risk of developing late pre-eclampsia.

[0019] Determining the a priori risk of developing late pre-
eclampsia in a pregnant female patient may include the
assessment of various maternal factors, such as previous pre-
eclampsia, chronic hypertension, diabetes mellitus, thrombo-
philic condition, multiparity, and body mass index (BMI).
Determining the a posteriori risk of developing late pre-ec-
lampsia in a pregnant female patient may include the assess-
ment of various patient-specific factors, such as pregnancy-
associated plasma protein-A (PAPP-A) and the a priori risk of
developing late pre-eclampsia.

[0020] In some embodiments, the determination of the
maternal factors, the patient-specific factors, or both, further
comprise obtaining a biological sample from the patient. The
biological sample may be obtained in order to determine
levels of, or the presence of, one or more biomarkers. In one
embodiment, the biomarkers comprise PAPP-A.

[0021] The treatment methods of the invention also com-
prise determining whether the a posteriori risk of developing
late pre-eclampsia exceeds a pre-determined threshold risk,
the pre-determined threshold being generated by statistical
analyses such as logistic regression.

[0022] In the methods of the invention, the a priori risk of
developing late pre-eclampsia may be calculated utilizing
coefficients for each of the maternal factors (binary vari-
ables), the coefficients being generated utilizing logistic
regression analysis. The a posteriori risk of developing late
pre-eclampsia may be calculated utilizing coefficients for
each of the patient-specific factors, the coefficients being
generated utilizing logistic regression analysis.

[0023] Inoneembodiment, the a posteriori risk of develop-
ing late pre-eclampsia is determined by e?/[1+e”], where Y is
calculated as 0.328+(2.205xlog a priori risk)-(1.307xlog
MoM PAPP-A); and where said a priori risk is determined by
e¥/[1+e¥], where Y' is calculated as -6.135+(2.124 if previ-
ous pre-eclampsia)+(1.571 if chronic hypertension)+(0.958
if diabetes mellitus)+(1.416 if thrombophilic condition)-(0.
487 if multiparae )}+(0.093xBMI).

[0024] The treatment methods of the invention also com-
prise determining whether the a posteriori risk of developing
late pre-eclampsia exceeds a pre-determined threshold risk.

[0025] A treatment to may be provided to the pregnant
female patient if the calculated a posteriori risk of developing
late pre-eclampsia exceeds the pre-determined threshold risk.
The treatment provided to a patient determined to have a
posteriori risk above the pre-determined threshold risk may
include one or more of the following: administering a phar-
maceutical agent to the patient to prevent, treat, reduce the
severity of, or delay the onset of pre-eclampsia or eclampsia;
implementing a change in diet or nutrition; inducing labor;
performing a Cesarean-section; increasing the frequency of
blood pressure measurements for said patient; increasing the
frequency of blood testing; and increasing the frequency of
fetal monitoring.
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[0026] 1In one aspect of the invention, the patient-specific
factors that are assessed do not comprise one or more of
placental growth factor (PIGF), vascular endothelial growth
factor (VEGF), free f-human chorionic gonadotropin (-
hCG), placental protein 13 (PP13), Inhibin A, a disintegrin
and metalloprotease-12 (ADAM12), or anti-angiogenic pro-
teins including soluble endoglin (sEng) and the soluble trun-
cated form of the full-length VEGF receptor type-1 (sF1t1).
[0027] Inother embodiments, the invention provides meth-
ods of screening for pregnant female patients with a likeli-
hood of developing early or late pre-eclampsia comprising
the steps described herein to determine a priori risk, a poste-
riori risk, and determining whether the a posteriori risk
exceeds a pre-determined threshold risk. In yet other embodi-
ments, the invention provides methods of predicting the like-
lihood that a pregnant female will develop early or late pre-
eclampsia, comprising the steps described herein to
determine a priori risk, a posteriori risk, and determining
whether the a posteriori risk exceeds a pre-determined thresh-
old risk.

[0028] These and other aspects of the invention will
become apparent to those skilled in the art after a reading of
the following detailed description of the invention, including
the figures and appended claims.

BRIEF DESCRIPTION OF THE FIGURES

[0029] FIG. 1A. Box-plot of log MoM of mean uterine
artery Doppler pulsatility indices (UtA-PI) among the study
groups. PE: preeclampsia. MoM: multiple of the expected
normal median.

[0030] FIG. 1B. Box-plot of log MoM of mean arterial
pressure (MAP) among the study groups. PE: preeclampsia.
MoM: multiple of the expected normal median.

[0031] FIG. 1C. Box-plot of log MoM of pregnancy asso-
ciated plasma protein-A (PAPP-A) levels among the study
groups. PE: preeclampsia. MoM: multiple of the expected
normal median.

[0032] FIG. 2. Receiver operator characteristic curves for
late (thin line) and early PE (thick line).

DETAILED DESCRIPTION

[0033] Inits broadest sense, the present invention relates to
methods for treating pregnant female patients at risk of devel-
oping early or late pre-eclampsia, based on the results of
screening tests that assess specific maternal factors relating to
medical and obstetric history, as well as factors that are
obtained from the patient in the first trimester of pregnancy.
The invention also relates to methods for screening for risk of
early and late pre-eclampsia, as well as to methods of pre-
dicting the likelihood of developing early and late pre-ec-
lampsia.

[0034] The methods of the invention provide treatments for
pregnant female patients in need of treatment based on a
calculated risk of developing early and/or late pre-eclampsia.
Methods for determining both the a priori risk of developing
early and late pre-eclampsia and the a posteriori risk of devel-
oping early and late pre-eclampsia are encompassed by the
invention. In one aspect, treatments are provided to patients if
the a posteriori risk of developing early and/or late pre-ec-
lampsia exceeds a pre-determined threshold risk.

[0035] The methods of the invention are contemplated to
cover all forms of pre-eclampsia, and all signs and symptoms
thereof. Pre-eclampsia refers to a syndrome characterized by
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the onset of hypertension and proteinuria after 20 weeks of
gestation in a previously normotensive woman. Additional
symptoms of pre-eclampsia can include headaches, visual
disturbances, epigastric pain, thrombocytopenia, and abnor-
mal liver function. Pre-eclampsia can be considered severe
when severe hypertension, severe proteinuria, or other signs
and symptoms of end-organ injury are present. In the absence
of such findings, pre-eclampsia is often referred to as mild,
although moderate pre-eclampsia can refer to pre-eclampsia
with symptoms the severity of which are in between those of
the severe and the mild form ofthe disease. The invention also
contemplates treating patients at risk of developing pre-ec-
lampsia who have a previous history of hypertension.

[0036] As used herein, early pre-eclampsia refers to pre-
eclampsia developing before 34 weeks of gestation, and late
pre-eclampsia refers to pre-eclampsia developing at 34 weeks
of gestation or later. Eclampsia refers to the development of
grand mal seizures in a woman with eclampsia in the absence
of other neurological conditions that could account for such
seizures. The invention also embraces treating patients at risk
of eclampsia.

[0037] In some embodiments, pre-eclampsia is diagnosed
as systolic blood pressure (BP) of greater than or equal to
about 140 mmHg and/or diastolic BP of greater than or equal
to about 90 mmHg on at least two occasions, four hours apart,
developing after 20 weeks of gestation in a previously nor-
motensive woman, as well as proteinuria of greater than about
300 mg in a 24-hour urine specimen. In some embodiments,
however, the patient may have a previous history of hyper-
tension, which may be referred to as chronic or pre-existing
hypertension.

[0038] The a priori risk of developing early or late pre-
eclampsia describes the risk of a pregnant woman developing
early or late pre-eclampsia based on maternal factors that can
be obtained during the first trimester of pregnancy, or that can
be obtained prior to pregnancy. In one embodiment, the
maternal factors are obtained at about 8 weeks to about 10
weeks of pregnancy.

[0039] For assessing the a priori risk of developing early
pre-eclampsia, the maternal factors may comprise, in one
embodiment, previous pre-eclampsia, chronic hypertension,
and renal disease. In another embodiment, the maternal fac-
tors may consist of previous pre-eclampsia, chronic hypet-
tension, and renal disease.

[0040] For assessing the a priori risk of developing late
pre-eclampsia, the maternal factors may comprise, in one
embodiment, pre-eclampsia, chronic hypertension, diabetes
mellitus, thrombophilic condition, multiparity, and body
mass index (BMI). In another embodiment, the maternal fac-
tors may consist of pre-eclampsia, chronic hypertension, dia-
betes mellitus, thrombophilic condition, multiparity, and
body mass index (BMI).

[0041] The a posteriori risk of developing early or late
pre-eclampsia describes the risk of a pregnant woman devel-
oping early or late pre-eclampsia based on patient-specific
factors that may be obtained from a pregnant woman during
the first trimester of pregnancy. In one embodiment, the
patient-specific factors are obtained at about 8 weeks to about
10 weeks of pregnancy.

[0042] For assessing the a posteriori risk of developing
early pre-eclampsia, the patient-specific factors may com-
prise, in one embodiment, mean uterine artery pulsatility
index (UtA-PI), mean arterial pressure (MAP), and the a
priori risk of developing early pre-eclampsia. In another

Jun. 11, 2015

embodiment, the patient-specific factors consist of mean uter-
ine artery pulsatility index (UtA-PI), mean arterial pressure
(MAP), and the a priori risk of developing early pre-eclamp-
sia.

[0043] Inone embodiment, the patient specific factors uti-
lized in determining the a posterion risk of developing early
pre-eclampsia do not comprise placental growth factor
(PIGF), vascular endothelial growth factor (VEGF), free
[-human chorionic gonadotropin (ff-hCG), placental protein
13 (PP13), Inhibin A, a disintegrin and metalloprotease-12
(ADAMI12), or anti-angiogenic proteins including soluble
endoglin (sEng) and the soluble truncated form of the full-
length VEGF receptor type-1 (sFlt1).

[0044] In some embodiments, the patient specific factors
utilized in determining the a posteriori risk of developing
early pre-eclampsia do not comprise biochemical markers.
[0045] For assessing the a posteriori risk of developing late
pre-eclampsia, the patient-specific factors may comprise, in
one embodiment, pregnancy-associated plasma protein-A
(PAPP-A) and the a priori risk of developing late pre-eclamp-
sia. In another embodiment, the patient-specific factors may
consist of pregnancy-associated plasma protein-A (PAPP-A)
and the a priori risk of developing late pre-eclampsia.
[0046] In one embodiment, the patient specific factors uti-
lized in determining the a posteriori risk of developing late
pre-eclampsia do not comprise placental growth factor
(PIGF), vascular endothelial growth factor (VEGF), free
[-human chorionic gonadotropin (f3-hCG), placental protein
13 (PP13), Inhibin A, a disintegrin and metalloprotease-12
(ADAM12), or anti-angiogenic proteins including soluble
endoglin (sEng) and the soluble truncated form of the full-
length VEGF receptor type-1 (sFlt1).

[0047] Insome embodiments, determining the a posteriori
risk of developing late pre-eclampsia further comprises
obtaining a biological sample from the patient. Obtaining a
biological sample from the patient may comprise, for
example, drawing blood from the patient, collecting a urine
sample from the patient, or collecting other biological mate-
rial or tissue, for biochemical measurements. The biological
sample may be obtained in order to determine levels of, or the
presence of, one or more biomarkers. In one embodiment, the
biomarkers comprise PAPP-A.

[0048] When the a posteriori risk of developing early and/
or late pre-eclampsia exceeds a pre-determined threshold
risk, the patient may receive one or more treatments to pre-
vent, treat, reduce the severity of, or delay the onset of early
and/or late onset pre-eclampsia. The choice of treatment or
combination of treatments suitable for a given patient will be
apparent to one skilled in the art, the decision potentially
taking into account the assessment of one or more clinical
factors from the mother and/or the fetus. The treatment may
be selected from administering a pharmaceutical agent to said
patient to prevent, treat, reduce the severity of, or delay the
onset of pre-eclampsia or eclampsia; implementing a change
in diet or nutrition; inducing labor; performing a Cesarean-
section; increasing the frequency of blood pressure measure-
ments for said patient; increasing the frequency of blood
testing; and increasing the frequency of fetal monitoring.
[0049] Pharmaceutical agents administered to the patient to
prevent, treat, reduce the severity of, or delay the onset of
pre-eclampsia or eclampsia may comprise one or more of
antihypertensive agents such as Labetolol or Nifedipine; anti-
seizure medication agents such as magnesium sulfate; ante-
natal corticosteroids; and aspirin.
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[0050] Insomeembodiments, the treatment comprises hos-
pitalization of the patient.

[0051] In some embodiments, the treatment administered
to the patient comprises a specific monitoring protocol for
monitoring the patient and/or the fetus, and/or an increase in
monitoring various parameters and factors from the patient
and/or the fetus. In some embodiments, maternal blood pres-
sure monitoring is performed at least every four hours. In
other embodiments, maternal blood pressure monitoring is
performed at least every one to two hours. In some embodi-
ments, maternal monitoring comprises frequent laboratory
studies, non-limiting examples including complete blood
count (including platelet count and smear); electrolytes; crea-
tinine; alanine and aspartate aminotransferase; lactic acid
dehydrogenase; albumin; coagulatory profile (prothrombin
time (PT), partial thromboplastin time (PPT), fibrinogen);
and liver function tests. Laboratory studies may be performed
once daily, twice daily, there times daily, four times daily, five
times daily, once every other day, or once weekly, for
example.

[0052] In some embodiments, maternal monitoring may
comprise frequent assessment of maternal symptoms, includ-
ing once daily, twice daily, three times daily, four times daily,
five times daily, or six times daily. In some embodiments,
assessment of maternal symptoms may take place once per
week, twice per week, three times per week, four times per
week, or five times per week. Maternal symptoms may com-
prise headache, vision changes, epigastric or abdominal pain,
decreased fetal activity, vaginal bleeding, pulmonary edema,
renal failure, severe thrombocytopenia, HELLP syndrome
(Hemolysis, Elevated Liver enzymes, and Low Platelet
count), preterm labor; preterm premature rupture of mem-
branes; and altered mental state. Maternal monitoring may
also comprise frequent assessment of fluid intake and urine
output.

[0053] In some embodiments, fetal monitoring may com-
prise frequent assessment of fetal well-being, comprising
assessing fetal kick count, nonstress tests, amniotic fluid vol-
ume determination, estimation of fetal growth, umbilical
artery Doppler velocimetry, and fetal heart rate assessment.
Assessments of the fetus may take place once per week, twice
per week, three times per week, four times per week, or five
times per week. In some embodiments, fetal assessment may
take place once daily, twice daily, three times daily, four times
daily, five times daily, or six times daily.

[0054] Treatments may also comprise implementing a
change in diet or nutrition, which may comprise, for example,
calcium supplementation, selenium supplementation, and
antioxidant supplementation (such as Vitamins A and C).
Such treatment may also include nutritional replacement, in
cases of proteinuria, thereby replacing proteins excreted in
the urine.

[0055] Insome embodiments, the treatment may comprise
obtaining a biological sample from the patient or from the
fetus, such as, for example, drawing a blood sample or col-
lecting aurine sample for biochemical measurements, obtain-
ing a urine sample to measure urine output, or obtaining an
amniotic fluid sample.

[0056] In some embodiments, the treatment comprises
delivery ofthe fetus, which can be performed by any methods
known to those skilled in the art, such as induction of labor via
vaginal delivery or Cesarean section.

[0057] Themethods of the invention comprise determining
the a posteriori risk of developing early or late pre-eclampsia,
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and comparing that risk to a pre-determined threshold risk. In
one embodiment, the methods of the invention further com-
prise a step of printing the results, or displaying the results on
a computet, and providing the printed or displayed results to
the patient, to a physician, or to a caregiver. The results
printed or displayed comprise one or more the a priori risk of
developing early and/or late pre-eclampsia, the a posteriori
risk of developing early and/or late pre-eclampsia, a compatri-
son of the a posteriori risk and the pre-determined threshold
risk, and whether or not the a posteriori risk exceeds the
pre-determined threshold risk.

[0058] A treatment may be administered to a patient if the
a posteriori risk for early and/or late pre-eclampsia exceeds a
pre-determined threshold risk. In some embodiments, the
pre-determined threshold risk is about 1 in 5, about 1 in 15,
about 1in 25, about 1in35, about 1in45, about 1in 55, about
11in 653, about 1 in 75, about in 85, about 1 in 100, about 1 in
125, about 1 in 150, about 1 in 175, or about 1 in 200.
[0059] The methods of the invention comprise determining
the a priori risk and the a posteriori risk of a patient develop-
ing early and/or late pre-eclampsia. The determination takes
into account the specific maternal and patient-specific factors
described herein, utilizing suitable statistical methodology
known to those skilled in the art. In one embodiment, the a
priori risk is calculated utilizing coefficients for each of the
maternal factors, the coefficients being generated utilizing,
for example, logistic regression analysis. In another embodi-
ment, the a posteriori risk is calculated utilizing coefficients
for each of the patient-specific factors, the coefficients being
generated utilizing, for example, logistic regression analysis.
[0060] Inderiving specific models to determine the a priori
and a posteriori risk utilizing appropriate statistical tests
known to those skilled in the art, in some embodiments, levels
of biochemical markers, such as PAPP-A may be converted to
multiples of the expected normal median (MoM), which then
may be corrected for factors comprising, for example, crown-
rump length, maternal age, body-mass index, smoking and
diabetes status, and ethnicity.

[0061] Logarithmic transformation may be performed to
normalize values such as uterine artery pulsatility index and
mean arterial pressure.

[0062] Receiver operator characteristic (ROC) curves may
be generated to analyze the performance of the models.
[0063] Insomeembodimentsofthe invention, the detection
rate of determining whether or not a patient will develop early
pre-eclampsia based on the methods of the invention is at least
about 90% with a false positive rate of about 15%, in another
embodiment the detection rate is at least about 80% with a
false positive rate of about 10%, and in yet another embodi-
ment, the detection rate is at least about 70% with a false
positive rate of about 5%.

[0064] Insomeembodiments ofthe invention, the detection
rate of determining whether or not a patient will develop late
pre-eclampsia based on the methods of the invention is at least
about 40% with a false positive rate of about 15%, in another
embodiment the detection rate is at least about 40% with a
false positive rate of about 10%, and in yet another embodi-
ment, the detection rate is at least about 30% with a false
positive rate of about 5%.

[0065] Inoneembodiment, the a posteriori risk of develop-
ing early pre-eclampsia is determined by calculating: e*/[1+
'], where Y is calculated as -0.363+(2.653 log a priori
risk)+(12.88xlog MoM mean UtA-PI)+(25.915xlog MoM
mean arterial pressure); and where said a priori risk is deter-
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mined by calculating: e*/[1+e¥], where Y is calculated as
=5.617+(2.659 if previous pre-eclampsia)+(1.729 if chronic
hypertension)+(3.765 if renal disease). In determining the a
priori risk in the formula, a value 0f 2.659 is added to Y' if the
patient has had pre-eclampsia previously, and a value of 0 is
added to Y' if the patient has not had pre-eclampsia previ-
ously. Inaddition, a value 0f 1.729 is added to Y' if the patient
has a history of chronic hypertension, and a value of 0 is
added to Y" if the patient does not have a history of chronic
hypertension. Further, a value of 3.765 is added to Y' if the
patient has rental disease, and a value of 0 is added to Y" if the
patient does not have renal disease.

[0066] Inoneembodiment, the a posteriori risk of develop-
ing late pre-eclampsia is determined by calculating: e*/[1+
e'], where Y is calculated as 0.328+(2.205xlog a priori risk)-
(1.307xlog MoM PAPP-A); and where said a priori risk is
determined by calculating: e?7[1+e”|, where Y' is calculated
as —6.135+4(2.124 if previous pre-eclampsia)+(1.571 if
chronic hypertension)+(0.958 if diabetes mellitus)+(1.416 if
thrombophilic condition)-(0.487 if multiparae)+(0.093x
BMI). In determining the a priori risk in the formula, a value
of 2.124 is added to Y" if the patient has had pre-eclampsia
previously, and a value 0f 0 is added to Y" if the patient has not
had pre-eclampsia previously. A value 0f 0.958 is added to Y'
if the patient has diabetes mellitus, and a value of 0 is added
to Y" if the patient does not have diabetes mellitus. Further, a
value 0f 1.416 is added to Y if the patient has a thrombophilic
condition, and a value of Oisadded to Y" if the patient does not
have a thrombophilic condition. In addition, a value 0of 0.487
is added to Y" if the patient is multiparous, and a value of 0 is
added to Y' if the patient is not multiparous.

[0067] Inoneembodiment, amethod is provided of treating
a pregnant female patient comprising: (a) determining the a
priori risk of developing early pre-eclampsia from maternal
factors consisting of (by which is meant the only maternal
factors used) previous pre-eclampsia, chronic hypertension,
and renal disease; (b) determining the a posteriori risk of
developing early pre-eclampsia from patient-specific factors
consisting of (by which is meant the only patient-specific
factors used) mean uterine artery pulsatility index (UtA-PI),
mean arterial pressure (MAP), and said a priori risk; (c)
determining whether said a posteriori risk exceeds a pre-
determined threshold risk; and (d) providing a treatment to
said patient if said a posteriori risk exceeds said threshold
risk, said treatment being selected from: administering a
pharmaceutical agent to said patient to prevent, treat, reduce
the severity of, or delay the onset of pre-eclampsia or eclamp-
sia; implementing a change in diet or nutrition; inducing
labor; performing a Cesarean-section; increasing the fre-
quency of blood pressure measurements for said patient;
increasing the frequency of blood testing; and increasing the
frequency of fetal monitoring. The patient-specific factors do
not comprise placental growth factor (PIGF), vascular endot-
helial growth factor (VEGF), free p-human chorionic gona-
dotropin (f3-hCG), placental protein 13 (PP13), Inhibin A, a
disintegrin and metalloprotease-12 (ADAM12), or anti-an-
giogenic proteins including soluble endoglin (sEng) and the
soluble truncated form of the full-length VEGF receptor
type-1 (sFltl). The detection rate for detecting early pre-
eclampsia is at least about 80%, with a false positive rate of
about 10%; or the detection rate for detecting early pre-
eclampsia is at least about 90%, with a false positive rate of
about 15%.
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[0068] Inoneembodiment, amethodis provided of treating
a pregnant female patient comprising: (a) determining the a
priori risk of developing late pre-eclampsia from maternal
factors consisting of (by which is meant the only maternal
factors used) previous pre-eclampsia, chronic hypertension,
diabetes mellitus, thrombophilic condition, multiparity, and
body mass index (BMI); (b) determining the a posteriori risk
of developing late pre-eclampsia from patient-specific factors
consisting of (by which is meant the only patient-specific
factors used) pregnancy-associated plasma protein-A (PAPP-
A) and said a priori risk; (c) determining whether said a
posteriori risk exceeds a pre-determined threshold risk; and
(d) providing a treatment to said patient if said a posteriori
risk exceeds said threshold risk, said treatment being selected
from: administering a pharmaceutical agent to said patient to
prevent, treat, reduce the severity of, or delay the onset of
pre-eclampsia or eclampsia; implementing a change in diet or
nutrition; inducing labor; performing a Cesarean-section; or
increasing the frequency of blood pressure measurements for
said patient; increasing the frequency of blood testing; and
increasing the frequency of fetal monitoring. The patient-
specific factors do not comprise placental growth factor
(PIGF), vascular endothelial growth factor (VEGF), free
[-human chorionic gonadotropin (f-hCG), placental protein
13 (PP13), Inhibin A, a disintegrin and metalloprotease-12
(ADAM12), or anti-angiogenic proteins including soluble
endoglin (sEng) and the soluble truncated form of the full-
length VEGF receptor type-1 (sFlt1).

[0069] Inoneembodiment, amethodis provided of treating
a pregnant female patient comprising: (a) determining the a
priori risk of developing early pre-eclampsia from maternal
factors consisting of (by which is meant the only maternal
factors used) previous pre-eclampsia, chronic hypertension,
and renal disease; (b) determining the a posteriori risk of
developing early pre-eclampsia from patient-specific factors
consisting of (by which is meant the only patient-specific
factors used) mean uterine artery pulsatility index (UtA-PI),
mean arterial pressure (MAP), and said a priori risk; (c)
determining whether said a posteriori risk exceeds a pre-
determined threshold risk; and (d) providing a treatment to
said patient if said a posteriori risk exceeds said threshold
risk, said treatment being selected from: administering a
pharmaceutical agent to said patient to prevent, treat, reduce
the severity of, or delay the onset of pre-eclampsia or eclamp-
sia; implementing a change in diet or nutrition; inducing
labor; performing a Cesarean-section; increasing the fre-
quency of blood pressure measurements for said patient;
increasing the frequency of blood testing; and increasing the
frequency of fetal monitoring. The patient-specific factors do
not comprise placental growth factor (PIGF), vascular endot-
helial growth factor (VEGF), free f-human chorionic gona-
dotropin (f-hCG), placental protein 13 (PP13), Inhibin A, a
disintegrin and metalloprotease-12 (ADAM12), or anti-an-
giogenic proteins including soluble endoglin (sEng) and the
soluble truncated form of the full-length VEGF receptor
type-1 (sFltl). The detection rate for detecting early pre-
eclampsia is at least about 80%, with a false positive rate of
about 10%; or the detection rate for detecting early pre-
eclampsia is at least about 90%, with a false positive rate of
about 15%. The a posteriori risk of developing early pre-
eclampsia is determined by calculating: e*/[1+e”], where Y is
calculated as -0.363+(2.653 log a priori risk)+(12.88xlog
MoM mean UtA-PI)+(25.915xlog MoM mean arterial pres-
sure); and where said a priori risk is determined by calculat-
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ing: e”/[1+e], where Y' is calculated as —5.617+(2.659 if
previous pre-eclampsia)+(1.729 if chronic hypertension)+(3.
765 if renal disease).

[0070] Inoneembodiment, amethod is provided of treating
a pregnant female patient comprising: (a) determining the a
priori risk of developing late pre-eclampsia from maternal
factors consisting of (by which is meant the only maternal
factors used) previous pre-eclampsia, chronic hypertension,
diabetes mellitus, thrombophilic condition, multiparity, and
body mass index (BMI); (b) determining the a posteriori risk
of developing late pre-eclampsia from patient-specific factors
consisting of (by which is meant the only patient-specific
factors used) pregnancy-associated plasma protein-A (PAPP-
A) and said a priori risk; (c) determining whether said a
posteriori risk exceeds a pre-determined threshold risk; and
(d) providing a treatment to said patient if said a posteriori
risk exceeds said threshold risk, said treatment being selected
from: administering a pharmaceutical agent to said patient to
prevent, treat, reduce the severity of, or delay the onset of
pre-eclampsia or eclampsia; implementing a change in diet or
nutrition; inducing labor; performing a Cesarean-section; or
increasing the frequency of blood pressure measurements for
said patient; increasing the frequency of blood testing; and
increasing the frequency of fetal monitoring. The patient-
specific factors do not comprise placental growth factor
(PIGF), vascular endothelial growth factor (VEGF), free
[-human chorionic gonadotropin (f3-hCG), placental protein
13 (PP13), Inhibin A, a disintegrin and metalloprotease-12
(ADAM12), or anti-angiogenic proteins including soluble
endoglin (sEng) and the soluble truncated form of the full-
length VEGF receptor type-1 (sFlt1). The a posteriori risk of
developing late pre-eclampsia is determined by calculating:
e/[1+e”], where Y is calculated as 0.328+(2.205xlog a priori
risk)=(1.307xlog MoM PAPP-A); and where said a priori risk
is determined by calculating: e”/[1+e”], where Y' is calcu-
lated as -6.135+(2.124 if previous pre-eclampsia)+(1.571 if
chronic hypertension)+(0.958 if diabetes mellitus)+(1.416 if
thrombophilic condition)-(0.487 if multiparae)+(0.093x
BMI).

EXAMPLES

[0071] The following examples describe specific aspects of
the invention to illustrate the invention but should not be
construed as limiting the invention, as the examples merely
provide specific methodology useful in the understanding and
practice of the invention and its various aspects.

Example 1

[0072] The following study was performed in order to
develop a logistic regression-based predictive model for early
and late onset pre-eclampsia.

[0073] Methods and Patients

[0074] A prospective cohort composed of singleton preg-
nancies underwent routine first-trimester screening at the
Department of Maternal-Fetal Medicine at Hospital Clinic
Barcelona. The local Ethics Committee approved the study
protocol and each patient provided written informed consent.
Gestational age in all pregnancies was calculated based on the
crown-rump length (CRL) at first-trimester ultrasound.
Maternal characteristics and medical history were recorded
and blood pressure, UtA, and plasma concentrations of
PAPP-A, and fp-HCG were measured in the first trimester.
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[0075] Between May 2007 and October 2009, a total of
5,759 women underwent examination. Of these participants,
a total of 589 (10.2%) were excluded for the following rea-
sons (non-exclusively): missing outcome data (n=525), major
fetal defects or chromosomopathies (n=25), miscarriage or
fetal death before 24 weeks (n=80), and termination of preg-
nancy inthe absence of medical indication (n=21). After these
participants were excluded, 5,170 cases remained for the
study.

[0076] Maternal characteristics and medical history were
prospectively recorded at the time of first trimester ultrasound
(11.0-13.6 weeks) via a patient questionnaire. Characteristics
recorded were: medical and obstetric history, maternal age,
ethnicity, smoking status, parity, height, and weight.

[0077] A nurse measured blood pressure automatically
with a calibrated OMRON M6 Comfort (OMRON Corpora-
tion, Kyoto, Japan) device in our outpatient clinics according
to standard procedure. Blood pressure was measured in one
arm (right or left) without distinction while women were
seated, and after a 5-minute rest. Mean arterial pressure
(MAP) was calculated as: diastolic blood pressure+(systolic—
diastolic)/3.

[0078] UtA evaluation was performed transvaginally dur-
ing the first trimester ultrasound. Both uterine artery pulsa-
tility indices (PIs) were automatically measured and mean
uterine artery PI (UtA-PI) was calculated.

[0079] Maternal serum PAPP-A and free f-HCG were
measured using the AUTODELFIA XPRESS analyzer (Per-
kin-Elmer Life Sciences, Turku, Finland) between 8 and 12
weeks of gestation. Thereafter, these levels were converted to
multiples of the expected normal median (MoM), which were
corrected for CRL, maternal age, body-mass index (BMI),
smoking and diabetes status, and ethnicity.

[0080] Pre-eclampsia was defined as systolic BP=140
mmHg and/or diastolic BP=90 mmHg on at least two occa-
sions 4 hours apart, developing after 20 weeks of gestation in
previously normotensive women, and proteinuria>300 mg in
a24-hour urine specimen. Farly pre-eclampsia was defined as
pre-eclampsia requiring delivery before 34 weeks. Doctors
that made the diagnosis were blinded to the study parameters
obtained during the first trimester.

[0081] Statistical Analysis

[0082] The Mann-Whitney U-test and Pearson y2-squared
test were performed to make univariate comparisons of quan-
titative and qualitative variables, respectively, between
groups. A post-hoc Bonferroni correction was conducted to
maintain a type-I error of 0.05 (p-value=0.025).

[0083] Logarithmic transformations were performed to
normalize mean UtA-PT and MAP. Expected log values were
calculated for all cases using a linear regtession analysis of
unaffected cases and included the following co-variables:
maternal age at first-trimester ultrasound (years), crown-
rump length at first trimester ultrasound (millimeters), mater-
nal height (centimeters) and weight at examination (kilo-
grams), parity (nulliparous vs. multiparous), smoking status
upon examination (0, 1-9,10-19, and 20+ cigarettes/day), and
ethnicity (white-European, South-America, Black, and
Other). Each individual observed value was expressed as a
MoM of the expected value.

[0084] Logistic regression was used to estimate each wom-
an’s a priori risk with respect to the following covariates:
previous medical history of diabetes; chronic hypertension;
renal or autoimmune diseases; congenital and acquired
thrombophilic conditions; previous obstetric history of preec-
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lampsia or intrauterine growth restriction; maternal age; BMI
(kg/m?); smoking (cigarettes/days); ethnicity and parity.
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sia. Table 1 shows the epidemiological and clinical charac-
teristics of the population by study group.

TABLE 1
Unaffected Late PE Early PE
(n=15034) (n=110) (n=26)

Age in years; median (IQR)
BMI in Kg/m?; median (IQR)

32 (28-35.4)
24 (22.7-24.7)

33.2 (29-36.3)
24.6 (23.5-26.4)"

313 (29.9-36.5)
244 (22.7-28)

Ethnicity
‘White-European; n (%) 3757 (74.6) 73 (66.4) 15 (57.7)
Black; n (%) 22 (0.4) 1 (0.9 1 (3.8)
South American; n (%) 784 (15.6) 28 (25.5) 6 (23.1)
Others; 1 (%) 471 (9.4) 8 (7.3) 4 (15.4)
Smoking status
No; n (%) 4637 (92.1) 100 (90.9) 24 (92.3)
<10 cigarettes/day; n (%) 107 (2.1) 4 (3.6) 0 (0)
10-20 cigarettes/day; n (%) 245 (4.9) 4 (3.6) 1 (3.8)
>20 cigarettes/day; n (%) 45 (0.9) 2 (1.8) 1 (3.8)
Medical history
Chronic hypertension; n (%) 48 (1) 10 (9.1 4 (15.4)*
Diabetes mellitus; n (%) 88 (1.7) 7 (64" 0 ()
Renal disease; n (%) 6 (0.1) 0 3 (115"
Autoimmune disease; n (%) 68 (1.4) 4 (3.6) 1 (3.8)
Coagulation disorders; n (%) 40 (0.8) 4 (3.6Y* 0 (0)
Obstetric history
Nulliparous; n (%) 2971 (59) 70 (63.6) 14 (53.8)
Previous preeclampsia; n (%) 28 (0.6) 10 (9.1 5 (19.2)*
TUGR; n (%) 28 (0.6) 1 (0.9) 3 (115"

Mean BP; median (IQR)
Mean UtA PI; median (IQR)

78.5 (74.1-83.1) 79.4 (74.9-84.1)
1.67 (0.53-1.25) 1.68 (1.54-1.84)
Maternal serum biochemistry

85.7 (80-89.7)""
2.23 (1.75-3)*

PAPP-A (MoM); median
(QR)
B-HCG (MoM); median (IQR)

1.06 (0.53-1.25) 0.5 (0.28-1.05)%

1 (0.63-1.16)  0.96 (0.55-1.15)

0.87 (0.44-1.24)

0.92 (0.5-1.04)

IQR: Interquartile range;

BMI: Body-mass index;

PE: Precclampsia;

IUGR: intrauterine growth restriction;

PAPP-A: Pregnancy associated plasma protein-A;
B-HCG: p-human chorionic gonadotropin;

BP. blood pressure;

UtA PI, uterine artery pulsatility indices;

MoM: Multiple of the expected normal median.

Significant comparisons between unaffected and late PE (#); unaffected and early PE (+); and late and early PE (*)

[0085] TLogistic regression analysis was performed to esti-
mate the individual risks for early and late preeclampsia with
respect to the following co-variables: a priori risk (log-trans-
formed), log MoM mean UtA-PI, log MoM MAP, log MoM
PAPP-A and log MoM fRHCG. [0062] Receiver operator
characteristic (ROC) curves were performed to analyze
model performance, which was expressed as detection rates
for different cut-offs of false positive rates.

[0086] In all regression models, stepwise forward algo-
rithms were performed to select variables at a p-value cut-off
0f 0.05. Goodness-of-fit models were assessed by calculating
Nagelkerke’s R*.

[0087] The statistical package IBM SPSS 18.0 (New York,
USA) was used to conduct all the statistical analyses and
graphs were generated with MedCalc software (Mariakerke,
Belgium).

[0088] Results

[0089] Among the 5,170 women included in the study, 136
(2.6%) developed preeclampsia, including 110 (2.1%) cases
of late preeclampsia and 26 (0.5%) cases of early preeclamp-

[0090] The following formula best fit the expected Log
mean  UtA PI: 0.668018-(0.002772*CRL)-(0.
001536*height)—(0.001151*maternal age); R*=4.6%.

[0091] The following formula best fit the expected Log
MAP:  1.803485+(0.002990*BMI)+(0.000645*maternal
age)-(0.00421 if South-American); R>=13.1%

[0092] FIGS. 1a-1¢ show the distribution in log MoM of
mean UtA PI; MAP, and PAPP-A among the different study
groups. The log MoM mean UtA-PI was significantly greater
in the early PE group compared to unaffected (p<0.001) and
late PE groups (p=0.001). Similarly, log MoM MAP was
significantly higher in the early PE group than in the unaf-
fected (p=0.001) and late PE (p<0.001) groups. Log MoM
PAPP-A was significantly lower in the late PE group com-
pared to the unaffected group (p<0.001).

[0093] The following model best fit the a priori risk for late
and early PE [a priori risk=e"/(1+e")]:

[0094] Late PEY=-6.135+(2.124 if previous PE)+(1.571 if
chronic hypertension)+(0.958 if diabetes mellitus)+(1.416 if
thrombophilic ~ condition)—(0.487  if  multiparae)+(0.
093*BMI); R*=7.9%.
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[0095] Early PEY==5.617+(2.659 if previous PE)+(1.729
if chronic hypertension)+(3.765 if renal disease); R*=13.4%.
[0096] The following models best fit the patient-specific a
posteriori risk (a posteriori risk=e’/[1+e*]):

[0097] Late PE Y=0.328+(2.205*log a priori risk)-(1.
307*log MoM PAPP-A); R*=10.1%

[0098] Early PE Y=-0.363+(2.653*log a priori risk)+(12.
88*log MoM mean UtA-PD)+(25.915%log MoM MAP);
R?=36.6%.

[0099] Performance of the model was analyzed using an
ROC curve, with performance expressed as detection rates for
different cut-offs of false positive rates. FIG. 2 shows the
ROC for late PE (AUC: 0.710; 95% CI: 0.658-0.763) and
early PE (AUC: 0.951; 95% CI: 0.925-0.977) models.
[0100] Thediagnostic performance forlate and early PE for
false positive rates (FPRs) of 5%, 10%, and 15% is presented
in Table 2 below.

TABLE 2

Risk  Prevalence

cut-off  of + (%) DR FPR +LHR -LHR
Late PE >1/14 6.3 20.4 5 5.39 0.75

>1/18 11.4 39.6 10 3.61 0.7

>1/22 16.4 42.2 15 2.73 0.68
Early PE >1/88 5.8 69.2 5 12.7 033

>1/180 10.8 80.8 10 7.74 0.21

>1/308 15.8 92.3 15 5.98 0.09

PE: preeclampsia;

DR: Detection rate;

FPR: False positive rate;

+LHR: Positive likelihcod ratio;
—LHR: Negative likelihood ratio

[0101] The results of this study demonstrate that the com-
bination of specific maternal and patient-specific factors can
be utilized in order to predict both early and late onset pre-
eclampsia in women in the first trimester of pregnancy.

Example 2

[0102] The application of a specific patient’s data to the
models described in Example 1 is provided. The models are
applied to a 35-year-old woman with a prothrombin gene
mutation, but no other medical conditions, who underwent
her first pregnancy. At the time of the first-trimester ultra-
sound (CRL: 65 mm), the patient’s height was 165 cm, and
her weight was 65 kg (BMI 23.8 kg/m?®). The patient had a
mean UtA-PIof 1.85, a MAP of 90 mmHg, and a PAPPA-P of
0.87 MoM. The following results are based on the data
obtained from this patient.

[0103] The expected log mean UtA-PI is: 0.668018-(0.
002772%65)-(0.001536%165)-(0.001151*35)=0.194

[0104] The log MoM mean UtA Pl is: log(1.85)-0.194=0.
073
[0105] The expected log MAP is: 1.803485+(0.00299%23.

8)+(0.000645%35)=1.897

[0106] The log MoM MAP is: log(90)-1.897=0.057
[0107] The a priori odds for early PE is: Y==5.617

[0108] The a priori risk=e>*""/(1+e~>-%'7)=0.0036
[0109] The a posteriori odds for early PE is: Y==0.363+(2.
653*10g(0.0036)+(12.88%0.073)+(25.915%0.057)=-4 4287

[0110] The a posteriori risk=e ****7/(1+e™****")=0.
0118=1/85.
[0111] A patient having all of the same results, but with a

mean UtA-PI of 2.5 would have a risk of 1/17 for early PE.
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[0112] All references including patent applications and
publications cited herein are incorporated herein by reference
in their entirety and for all purposes to the same extent as if
each individual publication or patent or patent application
was specifically and individually indicated to be incorporated
by reference in its entirety for all purposes. Many modifica-
tions and variations of this invention can be made without
departing from its spirit and scope, as will be apparent to those
skilled in the art. The specific embodiments described herein
are offered by way of example only, and the invention is to be
limited only by the terms of the appended claims, along with
the full scope of equivalents to which such claims are entitled.

What is claimed:

1. A method of treating a pregnant female patient compris-
ing:

(a) determining the a priori risk of developing early pre-
eclampsia from maternal factors comprising previous
pre-eclampsia, chronic hypertension, and renal disease;

(b) determining the a posteriori risk of developing early
pre-eclampsia from patient-specific factors comprising
mean uterine artery pulsatility index (UtA-PI), mean
arterial pressure (MAP), and said a priori risk;

(c) determining whether said a posteriori risk exceeds a
pre-determined threshold risk; and

(d) providing a treatment to said patient if said a posteriori
risk exceeds said threshold risk, said treatment being
selected from: administering a pharmaceutical agent to
said patient to prevent, treat, reduce the severity of, or
delay the onset of pre-eclampsia or eclampsia; imple-
menting a change in diet or nutrition; inducing labor;
performing a Cesarean-section; increasing the fre-
quency of blood pressure measurements for said patient;
increasing the frequency of blood testing; and increasing
the frequency of fetal monitoring.

2. The method according to claim 1, wherein said maternal
factors consist of previous pre-eclampsia, chronic hyperten-
sion, and renal disease.

3. The method according to claim 1, wherein said patient-
specific factors consist of mean uterine artery pulsatility
index (UtA-PI), mean arterial pressure, and said a priori risk.

4. The method according to claim 1, wherein said patient-
specific factors do not comprise placental growth factor
(PIGF), vascular endothelial growth factor (VEGF), free
[-human chorionic gonadotropin (f3-hCG), placental protein
13 (PP13), Inhibin A, a disintegrin and metalloprotease-12
(ADAM12), or anti-angiogenic proteins including soluble
endoglin (sEng) and the soluble truncated form of the full-
length VEGF receptor type-1 (sFlt1).

5. The method according to claim 1, wherein said patient-
specific factors do not comprise biochemical markers.

6. The method according to claim 1, wherein said a priori
risk is calculated utilizing coefficients of binary variables for
each of said maternal factors, said coefficients being genet-
ated utilizing logistic regression analysis.

7. The method according to claim 1, wherein said a poste-
riori risk is calculated utilizing coefficients for each of said
patient-specific factors, said coefficients being generated uti-
lizing logistic regression analysis.

8. The method according to claim 1, wherein said deter-
mining step (¢) has a detection rate of at least about 80% and
a false positive rate of about 10%.

9. The method according to claim 1, wherein said deter-
mining step (c) has a detection rate of at least about 90% and
a false positive rate of about 15%.
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10. The method according to claim 1, wherein said a pos-
teriori risk is determined by e?/[1+e*], where

Y=-0.363+(2.653 log a priori risk)+(12.88xlog MoM
mean UtA-PI)+(25.915xlog MoM mean arterial pres-
sure);

where said a priori risk is determined by e*/[1+e”,

where Y'==5.617+(2.659 if previous pre-eclampsia)+(1.
729 if chronic hypertension)+(3.765 if renal disease).

11. A method of treating a pregnant female patient com-
prising:

(a) determining the a priori risk of developing late pre-
eclampsia from maternal factors comprising previous
pre-eclampsia, chronic hypertension, diabetes mellitus,
thrombophilic condition, multiparity, and body mass
index (BMI);

(b) determining the a posteriori risk of developing late
pre-eclampsia from patient-specific factors comprising
pregnancy-associated plasma protein-A (PAPP-A) and
said a priori risk;

(¢) determining whether said a posteriori risk exceeds a
pre-determined threshold risk; and

(d) providing a treatment to said patient if said a posteriori
risk exceeds said threshold risk, said treatment being
selected from: administering a pharmaceutical agent to
said patient to prevent, treat, reduce the severity of, or
delay the onset of pre-eclampsia or eclampsia; imple-
menting a change in diet or nutrition; inducing labor;
performing a Cesarean-section; increasing the fre-
quency of blood pressure measurements for said patient;
increasing the frequency ofblood testing; and increasing
the frequency of fetal monitoring.

12. The method according to claim 11, wherein said mater-
nal factors consist of pre-eclampsia, chronic hypertension,
diabetes mellitus, thrombophilic condition, multiparity, and
body mass index (BMI).
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13. The method according to claim 11, wherein said
patient-specific factors consist of pregnancy-associated
plasma protein-A (PAPP-A) and said a priori risk.

14. The method according to claim 11, wherein said
patient-specific factors do not comprise placental growth fac-
tor (PIGF), vascular endothelial growth factor (VEGF), free
[-human chorionic gonadotropin (f3-hCG), placental protein
13 (PP13), Inhibin A, a disintegrin and metalloprotease-12
(ADAMI12), or anti-angiogenic proteins including soluble
endoglin (sEng) and the soluble truncated form of the full-
length VEGF receptor type-1 (sFlt1).

15. The method according to claim 11, wherein said deter-
mining step (b) further comprises obtaining a biological
sample from said patient to determine levels of, or the pres-
ence of, one or more biomarkers, said biomarkers comprising
PAPP-A.

16. The method according to claim 11, wherein said a priori
risk is calculated utilizing coefficients of binary variables for
each of said maternal factors, said coefficients being gener-
ated utilizing logistic regression analysis.

17. The method according to claim 11, wherein said a
posteriori risk is calculated utilizing coefficients for each of
said patient-specific factors, said coefficients being generated
utilizing logistic regression analysis.

18. The method according to claim 11, wherein said a
posteriori risk is determined by e*/[1+e"], where

Y=0.328+(2.205xlog a priori risk)-(1.307xlog MoM

PAPP-A);
where said a priori risk is determined by: e”/[1+e”’], where
['=—6.135+(2.124 if previous pre-eclampsia)+(1.571 if
chronic hypertension)+(0.958 if diabetes mellitus)+(1.
416 if thrombophilic condition)-(0.487 if multiparae)+
(0.093xBMI).
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