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1. Background

Preeclampsia (PET) is one of the leading causes of maternal morbidity and mortality (1). Its
pathophysiology is poorly understood. Consequently, there are no efficient preventive and
treatment modality. PET is associated with significant perinatal morbidity and mortality
including prolonged hospitalization and is a major contributor to a large proportion of iatrogenic
preterm birth. Women who suffer from PET are at a greater risk of hypertensive and
cardiovascular diseases in later life and more likely to suffer from premature death (2). Since
the only treatment for PET is delivery, a logical approach to reducing the incidence and
therefore consequences is prevention. For this to be effective those at risk have to be identified
and any timely interventions introduced.

Amongst the risk factors are maternal age, obesity, medical disorders such as antiphospholipid
syndrome, hypertensive disorders, renal diseases diabetes mellitus and previous PET. A
history of PET increases the risk of recurrence 7 fold and this is compounded by GA at delivery
for the affected pregnancy (3,4). Moreover, both chronic hypertension and pre-existing
diabetes increase the risk of PET which is further enhanced by the degree of glycemic control
(5,6). Interestingly maternal and paternal history of diabetes and hypertension have been
associated with increased risk of PET (7). Additionally, maternal age > 40 years and
pregnancy interval > 10 years increases the risk of PET by two to three folds respectively (8,9).
A BMI > 35 increases the risk of PET by 4 folds in both multiparous and nulliparous women
(3,10). Moreover, assisted reproduction techniques and multiple gestation have also been
associated with increased risk of PET (11). A combination of diabetes and obesity, which has
a high prevalence in Qatar, significantly increases the risk of PET. Despite these risk factors
only a fraction of those with at high risk eventually develop PET as the current criteria for
prediction is not specific.

Various measures to predict, prevent and treat pre-eclampsia have been investigated and tried
by several groups/researchers (12). However, these have not been very successful, primarily
because PET is a disease of theories with an unclear primary pathophysiology and thus no
clear target for either these predictive tools or interventions. Evidence, however, does suggest
that in patients at risk of developing PET there is inadequate trophoblastic invasion, placental
hypo-perfusion, and endothelial cell activation (13—15). This the basis for the most widely non-
invasive clinical tool of Doppler velocimetry of the uterine artery; but again, this has a poor
sensitivity (16,17).

An imbalance in pro-angiogenic factors such as vascular endothelial growth factor (VEGF) and
placental growth factor (PIGF) (decreased) and antiangiogenic factors such as soluble FMS-
like tyrosine kinase -1 (sFlt-1) (increased) has been implicated for the inadequate remodeling
of spiral arteries (which is essential for the maintenance of a normal placental perfusion) in
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Vascular endothelial growth factor (VEGF) is an important signaling protein in health and
diseases such as cancer, kidney diseases and PET (20). The VEGF family is composed of five
members and three tyrosine kinase receptors. The signaling proteins are: VEGFA, VEGFB,
VEGFC, VEGFD and placental growth factor (PIGF) (reviewed in (20)). The receptor tyrosine
kinase consists of VEGFR1 (also known as Flt-1), VEGFR2 and VEGF3, with different binding
capacity to VEGF proteins (20,21). A soluble Fms like tyrosine kinase-1 (sFlt-1) a truncated
form of VEGFR1, has also been identified which lacks the VEGFR1 cytosolic domain (22). In
addition to ligand binding, VEGFR has been shown to be activated through non-ligand binding
and mechanical forces (23—-25). VEGF proteins are upregulated under hypoxic conditions such
as PET, growth factor signaling and by hormones such as estrogen (20).

PET is characterized by a hypoxic environment, resulting in considerable changes in maternal
leukocyte gene expression, altered expression of the VEGF signaling pathway and AMP-
activated protein kinase (AMPK) and secretion of sFlt-1 into the maternal circulation (26-31).
VEGEF including PIGF has been identified as a crucial in the signaling pathway for
angiogenesis and vasculogenesis during placental development (32-35). Indeed, deletion of a
single VEGF allele in mice resulted in embryonic lethality due to immature angiogenesis
(36,37). The invasion of maternal spiral arteries by cytotrophoblasts is vital for adequate
oxygen and nutrient supply (14,38—40). This process is believed to be mediated by binding of
VEGF and PIGF to Flt-1 (40). Further, fetal DNA variants at the Flt-1 region has been
associated with PET and reported recently (59). However, the pathophysiology of PET is still
unclear and understanding of its molecular mechanism is warranted.

A decreased level of VEGF and PIGF free form has been observed that has been attributed to
their blockade by the increased level of sFlt-1 in pre-eclamptic women (29,41,42). Indeed, the
introduction of sFlt-1 to a pregnant rat led to hypertension and proteinuria similar to that seen
in PET women (42). Furthermore, an altered ratio of serum PIGF/sFIt-1 has been found to be
associated with PET diagnosis and disease severity (43—46). Indeed, there is now a drive to
use this ratio in screening women at risk of PET but most of the data were generated in late
pregnancy rather than in early pregnancy — a time when interventions have been shown to
have maximum impact (46). It would seem from this greater understanding of the underlying
physiological changes in women that develop PET that any interventions that have the
potential to alter this milieu are more likely to be successful.

Very recently a double-blind, placebo-controlled trial, that randomly assigned pregnant women
without diabetes who had a body-mass index of more than 35 to receive metformin, at a dose
of 3.0 g per day, or placebo (225 women in each group) from 12 to 18 weeks of gestation until
delivery showed a significant reduction in the incidence of PET in those who received
metformin (47). Since metformin is now frequently prescribed to obese type Il diabetic women
and gestational diabetics with poor glycemic control on diet, it is hypothesized in those at risk
of PET, metformin will not only reduce the incidence of PET but will modify the PIGF/s-FIt-1
e *~vor of normal pregnancies.
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2. Study aims and goals

Aim 1: To investigate whether the administration of metformin to women at high risk of pre-
eclampsia will reduce the incidence.

Aim 2: To determine accuracy of the ratio of PIGF/sFIt-1 in predicting PET and the effect of
metformin on this ratio

Aim 3: To study the molecular mechanisms and signaling pathways associated with increased
levels of sFIt-1 and PET

3. Objectives of this study

Aim 1: To investigate whether the administration of metformin to women at high risk of pre-
eclampsia will reduce the incidence.

The objectives under this aim will include

1.

3.

A comparison of the incidence of pre-eclampsia and its severity in women receiving
metformin versus standard care,

A comparison of the GA at delivery, maternal and fetal outcomes in those receiving
Metformin versus standard care,

A comparison of the timing of onset of PET between the two groups and

Aim 2: To determine accuracy of the ratio of PIGF/sFIt-1 in predicting PET and the effect of
metformin on this ratio

The objectives under this aim will include,

1.

2.

A comparison of the serum levels of the PIGF/sFIt-1 ratio measured in early pregnancy
between non-PET and PET patients.

A comparison of the PIGF/sFIt-1 ratio PET in patients who received metformin versus
standard care group.

Aim 3: To study the molecular mechanisms and signaling pathways associated with increased
levels of sFIt-1 and PET.

Regarding aim 3: in response to the reviewer’'s comments, the study team has agreed to
collect the blood sample and placenta from the patients and store them for future analysis.

4. Preliminary data or studies

Metformin safety in pregnancy
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(PCOS) patients, it is known to decrease the risk of first trimester miscarriages and the
incidence of gestational diabetes (48,49). In diabetic pregnancies, metformin has been
associated with favorable maternal and neonatal outcomes (50,51). Observed maternal
outcomes include less weight gain during pregnancy, better glycemic control, and reduced fat
distribution (52). Other benefits include a reduction in pregnancy induced hypertension and
PET, lower risk of neonatal hypoglycemia and ICU admission. Neonatal outcomes include:
reduced fat around organs, which could result in improved insulin resistance and prevention of
diabetes later in life (52). Even though metformin is known to cross the placenta, its use in
early pregnancy or late pregnancy has not been shown to be associated with an increased risk
of congenital malformation or adverse neonatal outcomes except a lower neonatal birth weight
(53-56).

Metformin has been safely administered at the dose we propose to use here to diabetic
patients. It has become the first line treatment of type 2 DM in pregnancy and poorly controlled
gestational diabetes on diet based on the on the NICE guideline and the national diabetes
guideline in Qatar. However, anticipated side effects include: Gl disturbances such as gas (4-
12%), heartburn, stomach pain (3-4%), nausea (7-9%), and GI changes. Serious side effects
associated with its use are hypoglycemia and lactic acidosis which are extremely rare (<1%)
(57).

Metformin in PET:

Recently data are emerging on reduced incidence of gestational hypertension and pre-
eclampsia with metformin use in pregnant patients with diabetes, PCOS or obese non-diabetic
patients (58). In a prospective study of pregnant PCOS women, metformin was shown to be
associated with a significant reduction in the incidence of gestational hypertension (54). A
randomized double-blinded placebo controlled trial of obese pregnant women without diabetes
on metformin, showed a 75% reduction in the incidence of pre-eclampsia (47). A recent
systematic review and meta- analysis concluded that metformin is associated with a lower
incidence of pre-eclampsia in women with gestational diabetes mellitus or Type 2 diabetes
(59), emphasizing its potential role in the prevention of PET. However, it concluded that robust
evidence is still lacking and randomized control trials (RCT) are needed. Furthermore, there
have been no such studies in our local GCC population to the best of our knowledge.
Therefore, we would like to conduct this RCT to explore the role of metformin in the prevention
of PET. Pre-eclampsia is considered a multisystem and complex disease with no definite
preventive or treatment measures other than delivery or termination of pregnancy. The use of
metformin if confirmed to be effective will therefore not only significantly decrease the maternal
and fetal morbidity and mortality associated with pre-eclampsia but also a significant decrease
in the health care expenditure. Indeed, there are no randomized control trials (RCT) that
specifically investigated the use of Metformin for the prevention of PET. Since metformin
reduces the gestational weight gain, it follows that it would most likely reduce incidence of PET
e~ Effect of metformin on maternal and fetal outcomes in obese pregnant women
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(EMPOWaR) trial showed no effect but timing of the intervention (introduction of metformin
was much later in pregnancy) (61).

Metformin has been in use since 1957 but its specific mechanism of action is unknown (62).
Previously, AMPK-activation has been identified as one of the mechanisms by which it exerts
its angiogenic activity (63). However, metformin does not activate AMPK directly. Instead,
AMPK activation is a result of metformin inhibition of the mitochondrial respiratory chain
complex 1 (reviewed in (64,65)). Apart from diabetes, it has also been in implicated in the
prevention of cancer, adverse outcomes in women with PCOS and most recently in the
prevention of PET (reviewed in (66)). In an ex-vivo study using primary placental tissue from
PET placentas, metformin treatment resulted in reduced endothelial dysfunction, enhanced
vasodilatation and induced angiogenesis by sFlt-1 and endoglin reduction possibly at the
mitochondrial level (30). Despite these, the exact mechanism behind its role in the prevention
of PET remains poorly understood. Further clarification of how metformin decreases the
incidence of pre-eclampsia needs to be examined. Here we plan to explore altered maternal
serum levels of sFlt-1, PIGF and VEGF in pregnant women using metformin.

5. Study design and methodology

This is an open label, randomized control trial (RCT) in which high risk for pre-eclampsia
pregnant subjects will be randomly assigned to either an intervention group (metformin 1 gm
twice daily plus aspirin 100 mg per day and standard of care) versus control group (aspirin 100
mg per day and standard of care) that will be administered between 11*° to 13*® weeks of
gestation until delivery (appendix 1). Only women at high risk of pre-eclampsia as defined by
the ACOG practice bulletin will be included (see inclusion criteria). Patient assignment will not
be blinded as control group will not be given a placebo; the data will be analyzed on an
intention to treat basis. Enrolled subjects will be followed throughout pregnancy and up to 30
days post-delivery (as per hospital practice).

Study definitions:

High risk of preeclampsia:

defined as pregnant women with at least one of the following; History of preeclampsia,
especially when accompanied by an adverse outcome, Multifetal gestation, chronic
hypertension, Type 1 or 2 diabetes, Renal disease, Autoimmune disease (ie, systemic lupus
erythematosus, the antiphospholipid syndrome), OR more than one of the following: Nulliparity,
Obesity (body mass index greater than 30), Family history of preeclampsia (mother or sister),
Sociodemographic characteristics (African American race, low socioeconomic status), Age 35
years or older, Personal history factors (eg, low birth weight or small for gestational age,
previous adverse pregnancy outcome, more than 10-year pregnancy interval)
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hours apart after 20 weeks of gestation in a woman with a previously normal blood pressure or
systolic blood pressure of 160 mm Hg or more or diastolic blood pressure of 110 mm Hg or
more. (Severe hypertension can be confirmed within a short interval (minutes) to facilitate
timely antihypertensive therapy). and

Proteinuria defined as 300 mg or more per 24 hour urine collection (or this amount
extrapolated from a timed collection), or protein/creatinine ratio of 0.3 mg/dL or more or
dipstick reading of 2+ (used only if other quantitative methods not available).

OR in the absence of proteinuria, new-onset hypertension with the new onset of any of the
following:

Thrombocytopenia defined as platelet count less than 100,000 * 10%/L

Renal insufficiency defined as serum creatinine concentrations greater than 1.1 mg/dL or a
doubling of the serum creatinine concentration in the absence of other renal disease
Impaired liver function define as elevated blood concentrations of liver transaminases to
twice normal concentration

Pulmonary edema

new-onset headache unresponsive to medication and not accounted for by alternative
diagnoses or visual symptoms

Sever preeclampsia: is characterized by the following:

Systolic blood pressure of 160 mm Hg or more, or diastolic blood pressure of 110 mm Hg or
more on two occasions at least 4 hours apart (unless antihypertensive therapy is initiated
before this time), Thrombocytopenia (platelet count less than 100,000 3 109/L), Impaired liver
function as indicated by abnormally elevated blood concentrations of liver enzymes (to twice
the upper limit normal concentration), and severe persistent right upper quadrant or epigastric
pain unresponsive to medication and not accounted for by alternative diagnoses, Renal
insufficiency (serum creatinine concentration more than 1.1 mg/dL or a doubling of the serum
creatinine concentration in the absence of other renal disease), Pulmonary edema
New-onset headache unresponsive to medication and not accounted for by alternative
diagnoses, Visual disturbances

Study population:
Patient characteristics:

Participants who will be included in this study are pregnant women who are at high risk for
developing pre-eclampsia as defined by the ACOG practice bulletin (for review (67)).

Inclusion criteria:

Tn ha aligible to be included in the study, a woman has to have all of the following; Confirmed

onal Reyis
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(between 11*° and 13" weeks of gestation), and to be considered as high risk of
preeclampsia. According to ACOG (67), pregnant women are considered high risk of
preeclampsia if they showed at least one of the following; History of preeclampsia, especially
when accompanied by an adverse outcome, Multifetal gestation, chronic hypertension, Type 1
or 2 diabetes, Renal disease, Autoimmune disease (ie, systemic lupus erythematosus, the
antiphospholipid syndrome), OR more than one of the following: Nulliparity, Obesity (body
mass index greater than 30), Family history of preeclampsia (mother or sister),
Sociodemographic characteristics (African American race, low socioeconomic status), Age 35
years or older, Personal history factors (eg, low birth weight or small for gestational age,
previous adverse pregnancy outcome, more than 10-year pregnancy interval)

Exclusion criteria:

Age under 18 years, hyperemesis gravidarum, unable to sign the consent form, type 1 or 2
diabetes mellitus, early gestational diabetes, auto-immune disease, fetal abnormality identified
at time of scanning (between 11*°and 13*° weeks of gestation), bleeding disorder, peptic
ulcer, hypersensitivity to aspirin or metformin, long use of NSAIDS before initiation of
intervention, contraindication to metformin or aspirin and participation in another concurrent
trial.

Study sites:

The study will be conducted at the Women Wellness and Research Center (WWRC), Doha,
Qatar. Patient will be identified from three Primary Health Centers. There will, however, will be
very few volunteers who will have all their visits and tests done at the WWRC with the health
center facilitating their identification only.

Study methods:
Patient identification and randomization

If the primary physician in the Primary Health Center or the main center identifies a potential
candidate for the study based on the inclusion and exclusion criteria, he/she will inform the
patient about the study and document her willingness to participate in the study in the
electronic medical record to avoid cold calling and according to HIPAA recommendations. The
investigator of the respective site will then be contacted through email by the primary
physician.

the patient will be contacted by the study investigator and arrange an appointment in the
WWRC to inform her about the study and if she accepted to participate, give her the patient
information leaflet (PIL) and then obtain informed consent once all her questions have been
answered.
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Each center has one coordinator, who will be responsible in conjunction with the investigator
for recruitment, clinical interviews, determining eligibility and obtaining signed informed
consent forms. After successful screening, eligible pregnant women will be randomly assigned
to either intervention or control group. Random sized blocks of 4 or 6 will be computer
generated with 1:2 ratio.

Sample isolation and laboratory studies (appendix 2):

Blood samples, 5 ml maternal venous whole blood will be collected by a laboratory
phlebotomist or a nurse at each study visit (one at baseline, and one at each following
trimester/visit and admission/s, see appendix 2) for all included subjects. The blood will be
collected in vacutainer tubes without additives and will be allowed to clot for 30 min at room
temperature before centrifugation for 15 min at 1000 x g. The supernatant (serum) will be
labelled with research mark and the patient study number and stored at -20C until ELISA is
performed. Serum levels of sFit-1, free VEGF and free PIGF will be tested using ELISA. The
study coordinators will collect and transfer the samples daily to the research laboratory at Sidra
Medicine were further analysis to be carried out. Kits for ELISA will be purchased from R&D.
Patient confidentiality will be maintained during this process. Placenta samples: Two random
2x2cm whole thickness placenta biopsies will be taken from 2cm from the cord insertion (from
opposite sites) will be collected immediately after the delivery on the labor room or in the
operating theatre by the nurse. These samples will be washed and flash-frozen and
transported to Sidra Medicine for storage for future analysis to study the association between
maternal and fetal DNA mutations (targeted genome sequencing Flt-1 region) and mRNA
expression level (targeted) and development of PET.

To further our understanding of gene regulation of metformin effects in pre-eclampsia we will
use a high frequency immune monitoring targeted transcriptome finger printing assay (TFA)
including a high-throughput gPCR platform (68,69). This assay relies on gene sets, so called
transcriptional modules, which had previously been identified by comprehensive network
analysis on the basis of gene co-expression in whole blood samples of nearly 1000 subjects
across 16 immunological conditions. Of these transcriptional modules, 273 target genes were
selected, representing 66 functionally annotated modules, with 4 representative genes per
module. This allows high frequency monitoring of the entire modular transcriptional repertoire
in a cost effective way. In brief, small volumes of blood (around 50 ul) from each blood sample
will be transferred into a microfuge tube containing twice the blood volume of tempus solution
from the following groups of pregnant women: A) PET high risk, B) PET receiving standard
treatment and C) PET receiving metformin. The sample will be mixed to disrupt cells and
release the RNA. Samples will be stored at -20 C. Once all samples for the study are collected,
RNA will be isolated (using the Tempus Spin RNA isolation kit from Invitrogen) and cDNA
synthesized using standard protocol. The following qPCR, using primer pairs to amplify 4
representative genes per module, will be performed on the Fluidigm platform (Sidra core
footie* “appendix 3 for number of patient in this analysis)
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We will collect and store samples for future determination of the association between maternal
and fetal DNA mutations (targeted genome sequencing Flt-1 region) and mRNA expression
level (targeted) and development of PET.

Risk minimization strategy:
Loss of confidentiality:

There is a minimal risk of confidentiality loss. To minimize this risk, data will be entered in to a
clinical trial management software. The software will be secured with user name and password
for study investigators and only accessible by them. Data extraction will only be accessible to
study Pls and co-Pls. Paper based data collection sheet will be secured in locked cabinets
accessible only by study Pls and co-Pls. Only de-identified data will be shared amongst
investigators and Data and Safety Monitoring Committee (DSMC). If a breach in confidentiality
occurs, the IRB will be notified immediately.

Linking information between collected data and patient’s identifiable information will be stored
in a locked cabinet and/or Pl password locked computer. Information on the password
protected computer database will only be accessed by the investigators. Furthermore, the PI's
office will remain locked. All study documentation will be stored according to the MRC and
GCP guideline.

Data and Safety Monitoring Committee (DSMC)

A DSMC of this trial consisting of Dr. Victor Chilaka (senior consultant, WWRC), Dr. Ayman
Alnaga (Sr. Consultant Ob/Gyn department), Dr. Akinbolu Babarinsa (Senior Consultant at
WWRC), Dr Ibrahim Ibrahim (Senior consultant at Sidra Medicine), Dr. Anas Ahmad Hamad
(Director of Pharmacy, NCCCR) and Professor Erick Kilpatrick (Senior Consultant Clinical
Biochemist at Sidra) will be set up. These are all very on skilled clinical research and ethical
matters and independent of the research. The committee will meet every three months to
review (a) the conduct of the trial, (b) recruitment and progress, (c) randomization and (d) data
collection.

Any adverse event (SAE) will be reviewed by the DSMC. Unanticipated SAEs will be reported
to the DSMB within 48 hours (expedited reporting); the study Co-Pls will be responsible for
reporting any unanticipated SAEs to the DSMC and the MRC.

A SAEs will be deemed Unanticipated if it is related to the study intervention. Other SAEs will
be reported to the DSMC in the regular safety update. Accordingly, if required the DSMB may
request follow up information and recommend continuation, modification (study protocol or
consent), or termination of the study.

Study procedure:

%, reening and enrollment:
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Initial screening: The study will take place at the Women Hospital. All clinical care providers at
participating centers will be briefed about the study. Pregnant women presenting at their first
antenatal visit (< 12*° weeks of gestation) will be screened by their primary physician for risk of
pre-eclampsia. To avoid cold calling, a pregnant woman deemed high risk for pre-eclampsia
will be informed about the study by her primary physician. If she expressed an interest in study
participation, that will be document by the primary physician in her medical record. She will be
instructed to contact the study investigators directly or permit to share her information with
study team to be contacted by a trained study team member to explain the study in detail, and
then obtain a written informed consent (appendix 4).

Randomization and initiation of the study:

Once recruited, the patient data will be entered onto a web-based randomization software to
determine study group and to the clinical trial management software, where a study ID number
will be assigned. If the patient agrees to enter the trial, the site coordinator will contact the
study physician to initiate study protocol (appendix 2) and then the patient will continue to be
followed-up by her clinical team. In cases where patient assigned to control group and
diagnosed with GDM and started on metformin, she will be moved to intervention group and
analyzed as late started. If patient declined to participate initially, or dropped out from the
study, all her data will be removed.

A clinical trial management software will be utilized to enter patient data. Each study Co-PI
(physician) will lead a study site and supported by study coordinator. They will be responsible
for reviewing patient eligibility, initiating the study protocol and patient counselling. They will
meet regularly to share study updates. Study coordinators will be responsible for patient
counselling, obtaining written informed consent, data collection and entry, and blood samples
and placenta shipment from the study sites to study research laboratory at Sidra Medicine. The
LPI will meet with the research team monthly to review various aspects of the trial to ensure
conformation to the protocol and principles of GCP.

Collected data (appendix 5):

Variables to be collected include patient demographic characteristics, past medical and
surgical history, past medication history, allergies, vital signs, CBC as routinely done and LFT,
serum creatinine and biomarker serum level (sFlt-1, VEGF, PIGF). Blood samples will be
collected by the phlebotomist or the responsible nurse. The blood investigations, 5 ml blood
sample will be collected at baseline, second and third trimester and after delivery. The blood
sample will be used for CBC, LFT, serum creatinine, and study serum biomarker in aim 2
(sFLT-1, VEGF, PIGF), and well as for storage for future DNA/RNA analysis for aim 3. Further,
placenta samples will be collected and stored for future DNA/RNA analysis.

Medication adherence and adverse drug related events (ADRs):
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each visit or telephone call. Furthermore, to increase patient medication adherence, a
reminder SMS will be send as well as three telephone calls to individual patient on regular
basis. Adverse drug reaction (ADRs) will be reported using Hamad Medical Corporation ADR
form (Appendix 7) to both DSMC and MRC when they occur, however, serious ADRs will be
reported within 48 hours by the study PI.

6. Sample size and calculation

Our sample size calculation was based on Syngelaki A. et al. (2016) findings. In this study,
obese patient where either randomized to metformin or placebo to see the effect on neonatal
birth weight. As a secondary outcome, metformin use was associated with 76% reduction in
PET (3% versus 11.3% respectively, OR 0.24, 95% CI 0.10 — 0.61, P = 0.001).

We expect that for a study power of 80% and to detect a reduction at a level of 5%
significance, with considering above outcome estimates it is approximately estimated to be 172
patients in each arm, for a total of 344 in both group based on 1:1 ratio. Allowing for a
maximum 20% dropout, we estimate that 414 patients would need to undergo randomization,
to give 207 patients in each group.

7. Data collection methods and procedure

These will be at baseline, in the second and again in the third trimesters. The data to be
collected include patient clinical information, blood sample and placental tissue (appendix 5).
At each study visit 5 ml maternal venous whole blood will be collected by a laboratory
phlebotomist or a nurse (one at baseline, and one at each following trimester/visit and
admission/s, see appendix 2) for all included subjects. The blood sample will be used for
measuring blood markers for aim 2 and stored for future DNA/RNA analysis for aim 3. In
addition, placental tissue will be collected and stored for future DNA/RNA analysis. In brief:

(a) Baseline Data (Week 117 to 13*°): Patient sociodemographic data including age and
ethnicity, Obstetrical, medical, surgical and medication history, current pregnancy
information, CBC, as routinely done and study biomarkers of LFT, serum creatinine,
sFIt-1, VEGF and PIGF.

(b) Second (week 19*° to 24*°) and third trimester visits (week 32" to 34*): At these visits
the same data collected at baseline will be obtained. If the patient is, however, admitted
for pre-eclampsia before the third visit, the collection will follow the pre-eclampsia
diagnosis at admission including treatment offered, length of hospitalization and
management.

(c) At delivery data to be collected will include gestational age at admission, vital signs,

indication for delivery, type of delivery, compliance with protocol, blood for CBC, LFT,

_=nd the biomarkers of interest. Post-delivery, discharge vitals, antihypertensive

N3\ atment on discharge will be collected.
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(d) Exit interview: patient will be called to check for any relevant ADR.

8. Data Management and Analysis plan

Data management:

Upon randomization, research coordinators will be responsible for data collection using
approved CRFs. To maintain patient confidentiality, study document such as signed informed
consent, and CRFs will be stored in locked cabinets, excel file containing patient identifiable
information will be password protected, and all data including patient clinical information and
research laboratory results will be entered into the clinical trial management software using
patient generated study ID number.

Data analysis:

Descriptive data: Numerical data will be presented as mean and standard deviation where
normally distributed or median and range where it’s not normally distributed. Categorical data
will be presented as frequency and percentages. The percentage of women developed PET
will be compared between the intervention and control group using chi square test.
Quantitative data between two arms will be analyzed using either “Unpaired t test or Mann
Whitney U test depending on normality of the data distribution”. Also, outcomes measured at
different time points should be statistically analyzed both within and between groups using
repeated measure ANOVA statistical method followed by appropriate multiple comparison
tests. All P values presented will be two-tailed. A multivariate logistic regression will be
employed to assess the association between metformin use and PET adjusting for
confounding factors such as patient demographics (age, GA at delivery, history of risk factors
of PET\mentioned above) and co-morbidities such as DM, the dose of metformin, the need to
use of antihypertensive drugs, including duration of treatment and any other medications. P
values <0.05 will be considered as statistically significant. All Statistical analyses will be done
using statistical packages SPSS 22.0 (SPSS Inc. Chicago, IL) and Epi-info (Centers for
Disease Control and Prevention, Atlanta, GA) software.

9. Anticipated results and evaluation criteria

As an open label study, we hope the results of this study will generate robust data that will be
used to inform the design equipped to design of a larger national study. Moreover, based on
the findings of previous published literature, we predict that expression of sFlt-1, VEGF and
PIGF will be significantly altered in pre-eclamptic patients. The design of this study will help
determine and validate the clinical utility of the aforementioned biomarker in routine practice for
the prediction of PET and disease severity. The use of metformin is expected to reduce the
anticinatad effects of sFIt-1 as an antiangiogenic factor, therefore, reducing the incidence of
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PET and indeed improving maternal and neonatal outcomes and quality of life, reducing
hospital admissions and cost of care and better utilization of health care system resources.

This collaborative study involves investigators (scientists and clinicians) from the PHCC, HGH,
Women’s Hospital Hamad and Sidra. Such a cross-disciplinary approach will provide an
opportunity for training future scientist in the field of women’s health. The more junior members
of the team will have the opportunity to be trained on translational research design, and clinical
trial management and thereby enhancing the research capacity which both are aligned with
Qatar national health strategy. The women hospital will be better catered with enhanced
research skills. Pregnant women are usually excluded from clinical trial; however, an
advantage of this trial is the safety the intervention (metformin) and thereby increasing public
engagement with research and awareness of its importance and benefits.

Evaluation criteria for this study are patient recruitment, quality and consistency of the data
and safety of the intervention. Further, the percentage women who developed PET in each
arm as well as changes in the studied biomarkers will be quantified and accepting the null
hypothesis.

10. Plans for disseminating research results

Once the project is funded, the study team will initiate monthly meetings to discuss study plans
and patient recruitment. Team leaders will also meet monthly to share study updates.
Furthermore, the study results will be shared among peers in the department through
presentation of study findings. Finally, once the study is completed we aim to present our
finding at the Hamad Medical Corporation Annual Research Day, local and international
conferences and in peer-reviewed journals.

11. Future plans

This an open label RCT study will generate date for a larger QNRF randomized control trial.
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