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[bookmark: _Toc518389847]INVESTIGATORS
1. Professor Gus Dekker: Lyell McEwin Hospital, Women and Children's Division, Elizabeth Vale, 5112 SA
Qualifications and relevant expertise
Prof Gus Dekker (MD PhD FDCOG FRANZCOG), is the Academic Head of the Women’s and Children’s Division Lyell McEwin Hospital (Adelaide), University of Adelaide. His areas of specific interest include preeclampsia, prediction, preterm labour, thrombophilic disorders and cerebral palsy. Gus Dekker was the Clinical Lead for the Australian arm of the International SCOPE consortium; one of the largest ever studies aimed at finding robust clinical predictors for preeclampsia, IUGR and preterm labour. Other recent and current projects include cohort studies with Roberto Romero (NIH), and an Australian national study on genetic risk factors for cerebral palsy. During this career as clinical researcher Gus has been successful in translating relevant progress made by basic reproductive scientists into clinical pathogenetic concepts and therapeutic and preventative strategies, as is also evidenced by numerous publications in peer-reviewed international journals. Gus is actively involved with training scientists in the field, both at the (> 20) PhD and postdoctoral level. His research led to more than 270 peer reviewed publications. Prof Dekker's vast research experience therefore qualifies him as Chief Investigator on this study.
Role in this project
Prof Gus Dekker will be responsible for directing this research project. He is the Chief Investigator and will be responsible for data collection, data analysis and project management. He will also be responsible for presentation and publication of results, alongside the other investigators on this project.

2. Professor Claire Roberts: Adelaide Health and Medical Sciences, Level 6, North Terrace, Adelaide 5000, SA
Qualifications and relevant expertise
Professor Claire Roberts (BA, BSc Hons PhD) was the Scientific Director for the Adelaide SCOPE Study and has led the development of the NALHN algorithm that predicts risk for preeclampsia but also independent algorithms for prediction of spontaneous preterm birth, intrauterine growth restriction and gestational diabetes. She has 11 patent applications including a PCT on the 4 NALHN pregnancy risk prediction algorithms. This has been licensed to Karygen Health Pty Ltd who will market the test. Previously CIB Roberts has had a license agreement and funding from Origio A/s, a Danish embryo media and device company (now part of Cooper Surgical Fertility Group) for a novel embryo culture media. She also collaborates with many other research groups in Adelaide, nationally and overseas. Of note is her NIH NICHD grant that is tracking placental health in real time across gestation using next generation sequencing technologies in placenta and maternal blood to develop non-invasive testing one of the world's key organisations focusing on newborn and child. Professor Robert's extensive experience as a researcher qualifies her as a co-investigator on this project.
Role in this project
Prof Claire Roberts will be responsible for data management, analysis of results, and presentation and publication of the study results.

3. Dr Enzo Ranieri: Head of SA Maternal Serum Antenatal Screening (SAMSAS), Women’s and Children’s Hospital, Adelaide, SA, Australia.
Qualifications and relevant expertise
Dr Enzo Ranieri is the Head of Biochemical Genetics, Genetic and Molecular Pathology, SA Pathology at Women's and Children's Hospital. He obtained postgraduate degrees from Flinders University in the School of Medicine, Department of Neurophysiology. Awarded a Fellow of the Human Genetics Society of Australasia in Biochemical Genetics (FHGSA) and is a Fellow of the Faculty of Science of the Royal College of Pathologist (FFScRCPA). Enzo Ranieri is an expert in newborn screening and has been appointed to the Council Board of the International Society for Neonatal Screening (ISNS), one of the world's key organisations focusing on newborn and child health. In addition to having over 25 years’ experience in providing an antenatal screening service through a maternal serum screening programme.
Role in this project
Dr Enzo Ranieri will be responsible for performing the assays required to conduct the preeclampsia screening tests for this project.

4. Dr Jessica Grieger: Adelaide Health and Medical Sciences, Level 6, North Terrace, Adelaide 5000, SA
Qualifications and relevant expertise
Dr Jessica Grieger (Bsc(hons), RNutr, PhD) is a post-doctoral research fellow with approximately 7 years of active research experience. She has a background in basic science, physiology, biochemistry and microbiology/immunology, which complements her excellent project management and organisation skills, experience in coordinating, conducting and publishing randomized controlled trials, and epidemiological research. Her experience in collecting and publishing in pregnancy cohorts and her consistent track record in coordinating, leading and publishing data in nutritional epidemiology are essential to the proposed project.
Role in this project
Dr Jessica Grieger will coordinate the day to day activities of this project and assist midwives in discussing information relevant to the project to study participants. She is responsible for ethics and governance review/management; study administration; will carry out some of the data entry and analysis and will be responsible for written publications and reports.

[bookmark: _Toc518389848]RESOURCES
Funding/support
We have funding from The Hospital Research Foundation NALHN Project Grant.
[bookmark: _Toc518389849]BACKGROUND
[bookmark: _Toc518389850]Literature review
Preeclampsia (PE) is a pregnancy specific disorder characterized as a multisystem disorder, presenting as hypertension and evidence of an organ system after 20 weeks’ gestation 1. Recent figures estimate PE affects 2% to 7% of pregnancies and occurs more frequently in nulliparous women 2. The WHO states that hypertensive disorders of pregnancy, i.e. pre-eclampsia and eclampsia, are the cause of 12% of maternal deaths 3. Survivors of PE are at more than 2-fold increased risk for vascular diseases such as hypertension and ischemic heart disease 4, as well as a near 2-fold increase in risk for stroke 4 and chronic kidney disease 5, 10-15 years later. Infants of mothers who had PE are also at increased risk for small for gestational age 6 and perinatal mortality 7. Currently, delivery of the fetus and placenta are the only causal treatment.

[bookmark: _Toc518389851]Pathogenesis of preeclampsia
Preeclampsia is more and more recognised as a heterogeneous entity. The pathogenesis of ‘placental’ PE, i.e. typically placenta or early onset and associated with intrauterine growth restriction, involves improper placental development as a result of dysfunctional proliferation, migration, and invasion of placenta derived extravillous cytotrophoblast cells into the uterine vasculature, along with maternal endothelial and vascular dysfunction 8. The so-called ‘maternal preeclampsia’ appears to be primarily related to pre-pregnancy cardio-metabolic morbidity leading to premature senescence of the syncytiotrophoblast and the release of various biological factors (sFlt, sEndoglin, microparticles) with an adverse effect on the maternal endothelium 9. A range of clinical manifestations have been documented (reviewed in 10), such as headache, visual disturbances (including blindness), epigastric pain, or nausea and vomiting, along with neurological, hepatic and cardiorespiratory complications. Severe PE could also manifest as HELLP syndrome (haemolysis, elevated liver enzymes, and low platelet count), characterised by microangiopathic haemolytic anaemia, hepatic dysfunction, and thrombocytopenia, with or without proteinuria or severe hypertension.

[bookmark: _Toc518389852]Risk factors for preeclampsia
Risk factors for PE are extensive and comprise a range of maternal, familial, genetic and lifestyle factors. The SCOPE consortium leads (Roberts and Dekker are leads of the SCOPE study in Australia) have identified a series of models combining biomarkers and clinical and ultrasound data to predict PE. Although many clinical risk factors have been described, the results of the SCOPE group have demonstrated that clinical risk factors are not sufficient to arrive at a clinically useful prediction. In particular, reduced serum concentrations of maternal placental growth factor (PlGF), a proangiogenic marker 11 12, increased soluble fms-like tyrosine kinase 1 (sFlt-1), an antiangiogenic factor 13 14, increased cystatin C 11 and increased soluble endoglin (sEng), a placentally derived biomarker involved in angiogenesis 11 have modestly predicted PE in early pregnancy. Differences in biochemical risk factors for PE also exist between pregnant women with an obese and normal BMI, including lower PlGF in obese women and higher cystatin C and endoglin in normal weight women with PE compared to their non-PE counterparts 15. Unfortunately however, their utility in clinical practice requires further testing and validation in prediction models and clinical trials.

Interventions to reduce risk for preeclampsia
A number of pharmacological interventions have been carried out to reduce risk for PE. Most widely tested has been the use of antiplatelet agents, particularly aspirin. CIA Dekker published the first double-blind randomised controlled trial in 1986 16, the results of which were confirmed in 2017 by the large ASPRE trial demonstrating a reduction in the percentage of preterm PE in the aspirin group compared to placebo (n=13 (1.6%) vs. n=35 (4.3%); OR 0.38; 95% CI 0.20 to 0.74)17. Consistent with this, in a recent meta-analysis of 45 RCTs (n=20,909 pregnant women) randomized to 50-150 mg/d aspirin, aspirin initiation ≤16 weeks significantly reduced PE (RR 0.57; 95% CI: 0.43-0.75), severe PE (RR 0.47; 95% CI: 0.26-0.83) and fetal growth restriction (RR 0.56; 95% CI: 0.44-0.70) 18. When aspirin was initiated at >16 weeks, there was a smaller reduction of PE (RR 0.81; 95% CI: 0.66-0.99) without a relationship with aspirin dosage 18. Low dose aspirin is used routinely in women with a history of PE at the Lyell McEwin Hospital.

Prediction of preeclampsia
Although many aetiological risk factors have been identified, at present it is not possible to effectively predict which women will develop pregnancy complications, particularly in first time pregnancies. The ASPRE trial used the ‘Fetal Medicine Foundation (FMF) test’ to identify which women were at high risk of PE, demonstrated as a positive screen on the FMF test 19. The test combines maternal factors, mean arterial pressure (MAP), uterine artery pulsatility index (UtA-PI), and maternal serum pregnancy-associated plasma protein-A (PAPP-A) and placental growth factor (PlGF) at 11–13weeks’ gestation 20. Essentially, the performance of the FMF test was better for early- rather than late-onset disease: that is, it performed reasonably well for the comparatively rare preterm preeclampsia (0.5% occurrence), but less so for the much more common term preeclampsia (8.9% occurrence at Lyell McEwin Hospital).
Currently there is no standard appropriate test to detect women at risk for preeclampsia, particularly in nulliparous women; around 1 in 10 women will develop preeclampsia. Since 2005, using Lyell McEwin Hospital and Auckland SCOPE study cohorts, CIA Dekker and CIB Roberts have developed algorithms aimed at predicting preeclampsia in nulliparous women based on a combination of clinical risk factors and genetic factors. A tiered prediction model was developed to screen patients at risk for PE at each tier, and to classify the level of risk. Using the process of elimination, the first tier model identifies all patients at risk of PE, and those who are predicted at risk (i.e. with positive test result) who may benefit from more frequent monitoring using a range of pre-defined predictors. For second tier prediction, the aim is to demonstrate a higher positive predictive value (i.e. low false positive rate) including clinical and genetic factors. Overall, women with relatively lower risk are ‘eliminated’ at each tier, such that tailored care may be provided according to their classified predicted risk.
We have validated the SCOPE algorithms in the recently completed STOP study (Screening Tests to identify poor Outcomes in Pregnancy) which was undertaken at the LMH between 2014-2017, with a positive predictive value of approximately 20%. This means that, based on moderate or high risk for PE, approximately 1 in 5 women will go on to develop preeclampsia. We are optimistic that this screening test, hereafter called the NAPS (Northern Adelaide Preeclampsia Screening) test, will outperform the FMF test, and importantly predicts all preeclampsia, irrespective of gestational age at delivery.

[bookmark: _Toc518389853]Hypothesis and aims of the study
We hypothesise that the NAPS test will outperform the FMF test in predicting all PE in first-time pregnancies.
This study aims to compare the UK developed FMF test with the NAPS test in all first-time pregnancies at the Lyell McEwin Hospital.
[bookmark: _Toc518389854]Objectives
The objectives of this study are to: 
a)	determine which test most effectively predicts onset of preeclampsia
b)	to introduce the superior test into routine antenatal care in Australia
[bookmark: _Toc518389855]Relevance for clinical practice
Women who had PE are at greater risk for cardiovascular and related diseases and their infants are at risk of being born too small or dying. Prevention of PE is an important goal of obstetrical care. Algorithms have been developed to identify women at risk for PE. Aspirin is the current prevention of PE which is given prior to 16 weeks’ gestation, however the benefit mainly lies in early PE. The current study is needed to determine which test most effectively predicts onset of preeclampsia in nulliparous women so the introduction of this test can translate into routine antenatal care in Australia.
[bookmark: _Toc518389856]PROJECT DESIGN
[bookmark: _Toc518389857]Study design
This is a prospective, observational, single-centre, cohort study.
[bookmark: _Toc518389858]Setting
Lyell McEwin Hospital (LMH), Adelaide Australia
[bookmark: _Toc518389859]Study population
This study will recruit a sample size of 1500 women (and their partners). All women experiencing a first-time pregnancy and receiving antenatal care at the Lyell McEwin Hospital will be included. Their partners will also be included, where available. Women of partners who are unavailable or decline to participate will still be included. Multiparous women will be excluded from this study.
[bookmark: _Toc518389860]Recruitment strategies
Midwives will discuss the screening test to all nulliparous women (and their partners if available) at their first antenatal visit. All eligible women (and their partners) who give signed informed consent will be recruited into this study. Participation in this study will not vary considerably from routine care. Participants will be advised that pregnancy screening is optional and that they do not have to participate. A midwife will document and include a photocopy of the signed consent form in the woman’s case notes following inclusion in the study.

The standard antenatal visit (9-13 weeks’ gestation) will proceed as usual with midwives collecting routine information, along with current Down syndrome screening (ultrasound between 11-13 weeks’ gestation) and FMF preeclampsia screening (additional ultrasound measurement of the placental blood flow at the time of the Down syndrome ultrasound).
[bookmark: _Toc518389861]Measurement tools used
The FMF test requires measurement of placental growth factor (PIGF) and a uterine artery Doppler blood flow measurement at 11-13 weeks’ gestation. This is performed at the time of the routine nuchal thickness ultrasound and routine blood tests.
The NAPS test requires clinical and lifestyle information (such as maternal age, BMI, family medical history, relationship history, dietary intake, drug and alcohol use), and single-nucleotide polymorphism (SNP) testing in maternal blood samples and maternal and paternal cheek swab samples. This is a simple test that involves twirling a swab/brush on the inner cheek for 15 seconds so we can obtain buccal (cheek) cells to obtain DNA. Because the screening test is only to determine risk for preeclampsia, no other genetic information will be obtained. 
[bookmark: _Toc518389862]Time schedule
Following ethics approval (26/10/18), recruitment will take place beginning November/December 2018. We anticipate 1500 nulliparous women (and their partners) to participate, which we expect to occur over a one year time frame (until December 2019). After delivery from the last participant (June/July 2020), 9 months will be needed for data analysis and reporting of results (April 2021). The first publication is expected 2 years after the start of the study.
[bookmark: _Toc518389863]Consent
Participants will be asked to provide informed written consent for this project. They will be consented by their treating health care professional at the time of their aneuploidy screening appointment if they wish to be screened for preeclampsia and will be informed that these results will be used for research purposes. Consenting to participate in the NAPS preeclampsia screening research project will require an additional cheek swab sample from the mother and father of the baby. Screening test results will be discussed in the next face-to-face antenatal appointment (before 16 weeks’ gestation). Consent to participate also allows the researchers to obtain delivery information and pregnancy complication information from medical records. Partners will have the opportunity to consent for a cheek swab to be taken at the same visit. Withdrawing consent or not consenting does not change any care or treatment provided to the participant.
[bookmark: _Toc518389864]Withdrawal from the study
Participants may withdraw at any time. Every effort will be made to obtain complete information on each participant and the only reason for not obtaining complete information is if the participant was lost to follow up or that she withdraws consent to access her medical chart after delivery. If a woman refuses to complete her visits with the research midwife, the midwife will confirm permission to consult her hospital chart in order to be able to complete information on outcomes relevant in the study so her data can be used in the final analysis.
[bookmark: _Toc518389865]Research Activities
[bookmark: _Toc518389866]Participant commitment
The only addition to routine care is the cheek swab obtained from the mother and the father of the baby, which will be taken at the time of the routine antenatal blood tests. At the first antenatal visit, antenatal midwives will collect routine information from the women using a range of questionnaires as well as a blood sample and cheek swab to determine risk for PE.
FMF test: The uterine artery Doppler required for the FMF test takes approximately five minutes to be performed. It will be conducted at the routine nuchal thickness ultrasound, which is part of the aneuploidy screening at 11-13 weeks’ gestation.
NAPS test: Clinical and lifestyle information will be reported on ipads by the woman. A cheek swab and blood sample from the women and a cheek swab from the partner will occur at the same visit (or taken home if the partner is unavailable). Approximately 1-2 weeks following this first antenatal visit (and before 16 weeks’ gestation), all participants will be seen to discuss aneuploidy risk and PE risk. Any women found to be at risk of developing PE on a positive screen of the FMF test, will be prescribed with preventative low dose aspirin (before 16 weeks) as this is routine standard practice for women at high risk for early PE.
[bookmark: _Toc518389867]Project duration and follow-up
This study will be carried out for the duration of pregnancy and we will also collect information at delivery.
[bookmark: _Toc518389868]Data Collection
At the first antenatal visit (9-13 weeks' gestation), participants will enter as much information as they can (based on NAPS test questions) on to ipads. Information that cannot be entered at this visit (i.e. laboratory results) or that the midwife can source (e.g. blood group) will be entered at a later stage. The standard antenatal visit will proceed as usual with midwives collecting routine information from the women including demographic information (maternal height, weight, age, and blood pressure), obstetric history, and diet and lifestyle questions. Blood pressure will be taken twice using the Mircolife blood pressure machine, with the average value used. The research midwife will also collect a non-fasting blood sample by venepuncture, totalling approximately 15 ml. The women (and her partner if available) will provide a cheek swab sample which will be used to collect DNA from your saliva. The only paternal data that will be collected is the buccal sample for SNPs.
The genetic information in the algorithms includes a range of maternal and paternal SNPs and we are not testing for any genetic diseases or disabilities. Because the screening test is only to determine risk for PE and no other genetic information will be obtained, the need for professional genetic counselling will not be needed nor made available to participants.
At the same first antenatal visit, participants will be informed that if they are at high risk for PE, a subsequent visit approximately 2 weeks later will occur (before 16 weeks’ gestation), so that low dose aspirin can be initiated. 
Diagnosis of PE will be new onset hypertension developing in second half of pregnancy with proteinuria or other multisystem complications (e.g. HELLP) (ISSHP criteria) 1.
Delivery information such as induction or caesarean section will be recorded, as will pregnancy complications including gestational diabetes (GDM), small for gestational age (<10th% using customized centiles, adjusted for maternal weight, height, parity, ethnicity and infant sex) and spontaneous preterm birth (sPTB, <37 weeks’ gestation).
[bookmark: _Toc518389869]Safety considerations/Patient safety 
This is a low risk study and therefore there are minimal safety issues to consider. Participants may experience bruising at the site of their blood draw. Any medical attention needed in regard to this will be provided by the health professional attending the participant during the appointment. If other pregnancy related complications are identified during study visits that are not associated with the study, research staff will have a duty to report the problem to the antenatal clinic for follow up. There are no risks involved in undergoing the preeclampsia screening test.
[bookmark: _Toc518389870]Data Management and Storage
Participant information will be collected on ipads and exported and stored (re-identifiable) in the RedCap database that is password protected. Access will only be to principal and associate investigators, and the study research midwife. The patient records will be identified using their unique medical record number. A re-identifiable Participant Log will be kept on a password protected Excel spreadsheet that will only be able to be accessed by the investigators on the project. Records will be kept for 30 years, as required by the SA Health Act. Following this time, the electronic records will be deleted, and any remaining biological samples will be disposed using standard relevant procedures.
	Collected blood will be initially frozen and later analysed once all study samples have been collected. Although no additional blood will be collected for this study other than what is required, in some cases there may be a small volume of blood leftover in the vial that was not used in the analysis. This will be re-frozen and potentially used at a later date for other analyses pertinent to the study aims with HREC approval, or if a measurement needs to be repeated. Frozen blood will be destroyed after 5 years.

[bookmark: _Toc518389871]Data Analysis
All statistics for this study will be performed by a professional biostatistician with expertise in this area. Statistical analyses will be performed using R version 3.2.3.
[bookmark: _Toc518389872]Ethical considerations 
This study will be reviewed by the Women’s and Children’s Health Network Human Research Ethics Committee and NALHN governance. It will be conducted in full conformance with the principles of the Declaration of Helsinki, GCP and within the laws and regulations of Australia.
[bookmark: _Toc518389873]OUTCOMES AND SIGNIFICANCE
The results of this study are anticipated to demonstrate that the NAPS test will outperform the FMF test. It is possible that certain ingredients of the FMF test will add to the predictive performance of the NAPS test. Our team has biostatistics capacity to analyse the predictive value of separate components of the two competing test schedules. The results of this study will therefore optimise the best definitive test. The superior test will place NALHN and the University of Adelaide at the international forefront of perinatal research. If successful, data from this project will also attract investment to commercialise our test. Finally, the results will be presented to the South Australian Minister of Health in 2019 in order to facilitate government support for state-wide rollout of the program.

[bookmark: _Toc518389874]Figure 1: Study flow 
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[bookmark: _Toc518389875]Results, Outcomes and Future Plans
Participants will be verbally told whether they screen positive (indicating high risk for PE) or negative (indicating low risk for PE). We will disseminate the results at presentations at relevant scientific conferences and publications in journals.

Other potential uses of the data at the end of the project:
Data will be used to predict other pregnancy complications such as spontaneous preterm birth, small for gestational age, and gestational diabetes.
 
Project closure processes: annual progress report and end of study report
The sponsor/investigator will submit a summary of the progress of the trial to the HREC on an annual basis. Information will be provided on the date of inclusion of the first participant, numbers of participants included and numbers of participants that have completed the trial, serious adverse events/ serious adverse reactions, other problems, and amendments. 
The investigator will notify the HREC of the end of the study within a period of 8 weeks. The end of the study is defined as the last patient’s last visit. In case the study is ended prematurely, the investigator will notify the HREC within 15 days, including the reasons for the premature termination. Within one year after the end of the study, the investigator/sponsor will submit a final study report with the results of the study, including any publications/abstracts of the study, to the HREC.

Plans for sharing and/or future use of data and/or follow-up research/anticipated secondary use of data:
The data will only be shared by the study researchers who have projects approved by ethics committees to investigate pregnancy complications.
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