[image: image8.png]Academic and Clinical Central Office for Research and Development





CLINICAL STUDY REPORT: PIPIN 
This Clinical Study Report template is intended to be used, if applicable, as a layout for Clinical Trials of Investigational Medicinal Products (CTIMPs) that are sponsored or co-sponsored by the University of Edinburgh and/or NHS Lothian. Any sections which are deemed irrelevant should be indicated Not Applicable.
Text in italic are instructions only and should be replaced with the correct study information as required in the section.
For a more detailed explanation on the content of each section in this report, click on the following link:
http://www.consort-statement.org/extensions/checklists 
Pravastatin for the Prevention of Preterm Birth in Women: PIPIN
A placebo controlled, double blinded, randomised control feasibility study
	Co-sponsors
	University of Edinburgh & NHS Lothian
ACCORD
The Queen’s Medical Research Institute
47 Little France Crescent
Edinburgh
EH16 4TJ
or insert alternative co-sponsor details or amend text to sponsor and insert details as appropriate

	Funder
	Chief Scientist Office (Scotland) insert name of Funder

	Funding Reference Number
	TCS/18/30

	Chief Investigator
	Professor Jane Norman

	EudraCT Number
	2017-005021-21 insert EudraCT number before finalisation

	CTA Number
	01384/0256/001-0001

	REC Number
	18/ES/0007

	ISRCTN Number
	82984919 insert ISRCTN number or equivalent, and amend text

	Version Number and Date
	Version 1 30/11/2020


	Chief Investigator

Professor Jane Norman 

Dean, Faculty of Health Sciences 

University of Bristol 

5 Tyndall Avenue

Bristol

BS8 1UD name
address
Tel: 01174 282339 telephone
Fax:       fax
Email: jane.e.norman@bristol.ac.uk email
	Co-sponsor Representative

Dr. Fiach O’Mahony 
Clinical Research Facilitator

QMRI, Edinburgh Bioquarter

47 Little France Crescent

Edinburgh 

EH16 4TJ

	Trial Manager

Sonia Whyte 

Clinical Trials Manager

QMRI, Edinburgh Bioquarter

47 Little France Crescent

Edinburgh 

EH16 4TJname
      address
Tel: 0131 242 2693 telephone
Fax:       fax
Email: Sonia.whyte@ed.ac.uk email
	Trial Statistician

Dr. Linda Williams 

Edinburgh Clinical Trials Unit 

Nine Edinburgh Bioquarter

9 Little France Road 

Edinburgh 

EH16 4UX  name
      address
Tel:       telephone
Fax:       fax
Email: linda.williams@ed.ac.uk email

	Principal Investigator
Dr. Sarah Stock  
name
QMRI, Edinburgh Bioquarter

47 Little France Crescent

Edinburgh 

EH16 4TJ      address
Tel:       telephone
Fax:       fax
Email: sarah.stock@ed.ac.uk email
	Clinical Research Fellow

Dr. Eleanor Whitaker 

QMRI, Edinburgh Bioquarter

47 Little France Crescent

Edinburgh 

EH16 4TJnameaddress
Tel:       telephone
Fax:       fax
Email: Eleanor.whitaker@ed.ac.uk email


INDEX
1CLINICAL STUDY REPORT: PIPIN


2A placebo controlled, double blinded, randomised control feasibility study


4Title and Abstract


51a. Title


51b. Abstract


6Introduction


62a. Background


82b. Objectives


9Methods


93a. Trial design


93b. Changes to trial design


104a. Participants


114b. Study settings


115. Interventions


116a. Outcomes


126b. Changes to outcomes


127a. Sample size


127b. Interim analyses and stopping guidelines


138a. Randomisation: sequence generation


138b. Randomisation: type


149. Randomisation: allocation concealment mechanism


1410. Randomisation: implementation


1411a. Blinding


1411b. Similarity of interventions


1412a. Statistical methods – may be provided by the trial statistician


1412b. Additional analyses


14Results


1413a. Participant Flow (consort) diagram


15Enrolment


15Allocation


15Follow-Up


15Analysis


1613b. Losses and exclusions


1614a. Recruitment


1614b. Reason for stopped trial


1615. Baseline Data


1616. Numbers analyzed


1717a. Outcomes and estimation


2518. Ancillary analyses


2519. Harms


25Discussion


2520. Limitations


2621. Generalisability


2622. Interpretation


29Other Information












  PAGE

FINAL REPORT DATE: 30th November 2020
STUDY START DATE: 03/08/2018
STUDY END DATE: 29/11/2019 
IMP: Pravastatin 40mg 
Title and Abstract
1a. Title
A double blind, placebo controlled randomised trial investigating the feasibility of pravastatin for the prevention of preterm birth in women (PIPIN) 

1b. Abstract


Insert study title with brief synopsis of study

PIPIN (Pravastatin for the Prevention of Preterm Delivery in Women) was a feasibility study, aiming to recruit 40 women, to assess whether it is possible to recruit participants with evidence of preterm delivery to a placebo controlled, double blinded, randomised trial. Recruitment occurred in a single centre in Scotland over a period of 15 months. The trial was halted early due to poor recruitment. Of 214 women screened, 35 were eligible for inclusion, and 18 of these were approached by research staff. Of these 7 were randomised to receive pravastatin or placebo. There were no adverse or serious adverse events in the pravastatin treatment group. LCMS detected pravastatin in 4 of 31 blood samples, with no pravastatin or metabolite found in cord blood immediately post delivery. Compliance with therapy was > 85%, and > 70% blood tests were obtained in line with the protocol, however study diaries and the feedback questionnaire were not well adhered to. Investigators considering recruitment of pregnant women with preterm labour to an interventional drug trial may wish to consider alternative study design than recruitment at the time of presentation to obstetric services with preterm labour. One alternative design was discussed with stakeholders including potential participants. For this, women at risk of preterm delivery would be recruited from 16+0 weeks gestation, and would receive pravastatin or placebo until 37 weeks gestation or delivery, whichever was sooner. 

	Introduction

2a. Background

Spontaneous preterm labour is the biggest cause of preterm birth (Norman et al. 2009). Preterm birth is itself the major cause of infant mortality and morbidity, accounting for 11% of births worldwide (Blencowe et al. 2012).  It is estimated that nearly one million children every year have neurodevelopmental disability as a direct consequence of preterm birth (Blencowe et al. 2013), with pulmonary, cardiac and gastrointestinal dysfunction all described in surviving infants (Rubens et al. 2014)
The aetiology of preterm birth remains an incompletely understood process, with roughly 75% occurring spontaneously in the UK (the remainder being iatrogenic for maternal or fetal reasons) (Rubens et al. 2014). Known aetiological factors contributing to preterm birth include infection and inflammation, uteroplacental haemorrhage or ischaemia, or uterine over distension such as in the multiple pregnancy(Goldenberg et al. 2008). There are also several well described clinical risk factors including previous preterm birth

Currently available treatments options include antibiotics, tocolysis and magnesium sulphate (for fetal neuroprotection as opposed to arrest of labour).(Preterm labour and birth | Guidance and guidelines | NICE n.d.) Unfortunately neither antibiotics nor tocolysis have been shown to provide short term benefit to both the mother and fetus (only in certain circumstances), and no long term benefit to children born at 37 weeks gestation or less (Flenady et al. 2013

ADDIN CSL_CITATION {"citationItems":[{"id":"ITEM-1","itemData":{"author":[{"dropping-particle":"","family":"Haas","given":"David M","non-dropping-particle":"","parse-names":false,"suffix":""},{"dropping-particle":"","family":"Caldwell","given":"Deborah M","non-dropping-particle":"","parse-names":false,"suffix":""},{"dropping-particle":"","family":"Kirkpatrick","given":"Page","non-dropping-particle":"","parse-names":false,"suffix":""},{"dropping-particle":"","family":"McIntosh","given":"Jennifer J","non-dropping-particle":"","parse-names":false,"suffix":""},{"dropping-particle":"","family":"Welton","given":"Nicky J","non-dropping-particle":"","parse-names":false,"suffix":""}],"container-title":"BMJ","id":"ITEM-1","issued":{"date-parts":[["2012"]]},"title":"Tocolytic therapy for preterm delivery: systematic review and network meta-analysis","type":"article-journal","volume":"345"},"uris":["http://www.mendeley.com/documents/?uuid=6c30edbb-cafa-364a-b928-647a70335d41"]}],"mendeley":{"formattedCitation":"(Haas et al. 2012)","manualFormatting":", Haas et al. 2012)","plainTextFormattedCitation":"(Haas et al. 2012)","previouslyFormattedCitation":"(Haas et al. 2012)"},"properties":{"noteIndex":0},"schema":"https://github.com/citation-style-language/schema/raw/master/csl-citation.json"}, Haas et al. 2012). 

Magnesium sulphate, whilst recommended by NICE for fetal neuroprotection, does not prevent preterm labour.  (Preterm labour and birth | Guidance and guidelines | NICE n.d.)
As considerable evidence implicates inflammatory mediators in both the underlying mechanisms of parturition (term and preterm), and initiation of brain damage which leads to neurodevelopmental disability associated with preterm delivery (Boyle et al. 2017), it follows that the ideal agent for the treatment of preterm labour would be one which both inhibits myometrial contractility and conveys anti-inflammatory benefit. . Our in vitro and pre-clinical in vivo studies suggest that statins have both actions. We hypothesise that statins may reduce preterm labour associated preterm birth AND reduce long term neurodevelopmental disability.

Of the statins in current clinical use, we have selected pravastatin for this feasibility study as it now has an established safety profile in pregnancy. (Bateman et al. 2015) (Lefkou et al. 2016) ADDIN CSL_CITATION {"citationItems":[{"id":"ITEM-1","itemData":{"DOI":"10.1016/j.ajog.2015.12.038","ISSN":"00029378","PMID":"26723196","abstract":"BACKGROUND Preeclampsia complicates approximately 3-5% of pregnancies and remains a major cause of maternal and neonatal morbidity and mortality. It shares pathogenic similarities with adult cardiovascular disease as well as many risk factors. Pravastatin, a hydrophilic, 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase inhibitor, has been shown in preclinical st . 

Rationale for Study
This trial, aimed to demonstrate the feasibility of a randomised controlled trial of statins versus placebo for women presenting in preterm (24+0 to 35+6 weeks gestation) labour. 

As aforementioned, the treatment of preterm labour remains an unmet clinical need and current therapeutic options provide little short term benefit to both the mother and fetus (and only in certain circumstances), and no long term benefit to children born at 37 weeks gestation or less. 

Statins in pregnancy

Statins are widely used to treat hypercholesterolaemia and coronary heart disease. Statins act by inhibiting cholesterol synthesis but have pleotrophic anti-inflammatory properties (Sirtori 2014). Until relatively recently, statins were contraindicated in pregnancy due to concerns about teratogenic effects. This is based on a 1983 study, when fetal skeletal malformations were observed in rats given toxic doses (800 mg/kg/day) of lovastatin, a highly lipophilic statin. (Minsker et al. 1983). However, this effect was not  seen when hydrophilic pravastatin was administered to pregnant rats in doses up to 1000mg/kg/day (around x120 the dose used in patients based on surface area) (StAmP, ISRCTN23410175) Importantly, in human studies, there is little evidence to support this concern: a recent comprehensive prospective study of over 1000 women found no increase in congenital malformations in women who had taken statins when increased background risk due to maternal illness was corrected for (Bateman et al. 2015). .  

Whilst there have been some data suggesting an increased risk of the condition VACTERL (three or more of the following findings: vertebral, anal, cardiac, tracheal, oesophageal, renal, and limb defects), all of these cases (2 out of 52), the offending statin was lovastatin (lipophilic), and indeed all reports of congenital malformation following maternal statin exposure pertained to lipophilic statins (Edison and Muenke 2004). Furthermore, as the critical time period for organogenesis is first trimester, this is less relevant to our CTIMP where the intervention will specifically only be used above 24+0 weeks gestation. 
Other trials using statins

Several trials have recently used Pravastatin in this pregnant population.

In the context of refractory antiphosphlipid syndrome, Pravastatin showed a pregnancy prolonging effect of pravastatin with no congenital abnormalities or late fetal deaths, and no evidence of maternal morbidity because of the use of pravastatin.(Lefkou et al. 2016). This is in keeping with a UK based biomarker efficacy study investigating the use of pravastatin for the severe form of pre-eclampsia.  This will shortly report  (6)(STAMP - ISRCTN23410175, manuscript in preparation). Whilst the STAMP trial showed that pravastatin did not affect levels of the primary outcome biomarker, it again prolonged pregnancy with no major safety issues (Williams, personal communication). 

Statins as therapies for preterm labour

Anti-inflammatory effects

Pre-clinical studies have suggested that the statins pravastatin and simvastatin, administered to pregnant mice, exert anti-inflammatory effects within the feto-placental unit (Basraon et al. 2012). These feto-placental anti-inflammatory effects have been confirmed in human tissues by ourselves and others. For example, Basraon et al have shown that statins attenuate the production of pro-inflammatory cytokines induced by lipopolysaccharide (LPS) in a human fetal membrane explant model (Basraon et al. 2015). Additionally, in a myometrial cell line obtained from a pregnant woman, we show that 50µM simvastatin inhibits pro-inflammatory cytokine expression induced by LPS, AND that it inhibits LPS induced contractions.

Treatment of preterm labour in a pre-clinical model

Having shown that simvastatin exerts anti-inflammatory effects in vitro, we showed that simvastatin also reduces LPS induced IL-6 synthesis in vivo in a mouse model of preterm labour. Importantly, we also showed that simvastatin attenuates LPS induced preterm birth and pup death. These data demonstrate the significant potential of statins as effective treatments for preterm birth.

Pharmacokinetics and potency of statin formulations

There are a variety of formulations of statins each of which have different potencies, chemical structures, bioavailablility, lipo/hydrophilicity, dependence on cytochrome P450 metabolism, cellular transport and pharmacokinetics (Sirtori 2014)
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 ADDIN EN.CITE 

. This assumption has largely been borne out in pharmacokinetic studies(Costantine, Cleary, Hebert, Ahmed, Brown, Ren, Easterling, Haas, Haneline, Caritis, Venkataramanan, West, D’Alton, Hankins, Eunice Kennedy Shriver National Institute of Child Health and Human Development Obstetric-Fetal Pharmacology Research Units Network, et al. 2016).
Furthermore, the pharmacokinetics of pravastatin compared with alternative statins (notably metabolism via chemical degradation in the stomach as opposed to via the cytochrome P450 enzyme chain, and dual elimination via both renal and hepatic routes) mean that there is a lower chance of drug interaction with required medications for the study group. 
2b. Objectives

The primary aim of the PIPIN trial is to ascertain the feasibility of a randomised controlled trial of pravastatin versus placebo for the prevention of preterm delivery in women in threatened preterm labour. 
The secondary aims are: 

1. Evaluate whether administration of pravastatin compared with placebo to women in threatened preterm labour is associated with prolonged pregnancy and lower maternal and fetal markers of inflammation without adverse effects. 

2. Record participant compliance with therapy. 

3. Describe the pharmacokinetics of pravastatin in the study population as compared with published parameters. 

4. Ascertain the acceptability of the study design to participants after completion of the protocol. 

5. Evaluate whether pravastatin versus placebo reduces contraction frequency in women in threatened preterm labour. 

6. Assess average time from participant’s first contact with medical staff to delivery of the first dose study drug. 

Methods

3a. Trial design

PIPIN is a phase II placebo-controlled, double blinded randomised control trial. The participant groups is women between 28+0 (reduced to 24+0 weeks after 10 months of recruitment) and 35+6 weeks gestation presenting to obstetric services with signs and symptoms or threatened or confirmed preterm labour. Consenting women will be randomised in a 1:1 ratio to received 40mg pravastatin or a matched placebo once daily for 7 days or until delivery (whichever is soonest). Study visits, including blood tests, will occur twice on day 1, and daily thereafter whilst the participant remains in hospital. All participants who remain pregnancy will have a study visit at day 7, whether in hospital or at home. At delivery, samples of maternal and cord blood as well as placental, membrane and umbilical cord tissue will be collected in line with the Edinburgh Reproductive issue Biobank guidelines. Participants will be asked for written feedback at or around 1 month following estimated delivery date
3b. Changes to trial design
Amendment Number and Description

Date

Affected Documents

Regulatory Oversight

Comments

1: Update in line with new Data Protection Law

Substantial Amendment

June 2018

Protocol 

Consent Form 

GDPR Statement

Ethics 

MHRA 

Sponsors

Statements included in the protocol and consent form to comply with new UK legislation around Data Protection Laws. New GDPR information sheet provided to participants. 

2: Quantitative fetal fibronectin 

Non-substantial amendment

Feb 2019

Protocol

Sponsors

Protocol updated to include the definition of a ‘positive’ fetal fibronectin test (>51ng/mL) following introduction of quantitative fetal fibronectin measurement in NHS Lothian.

3: Eligibility for inclusion changed from 28+0 to 24+0 weeks gestation

Inclusion of ability to give informed consent as eligibility criteria 

Inclusion details of DMC and TSC 

Change of primary site PI

Substantial Amendment

April 2019

Protocol 

Consent Form 

Patient Information Leaflet

GP Letter 

Confirmation of Eligibility

Clinic information letter 

Posters

Ethics 

MHRA 

Sponsors

Eligibility criteria alterations to include gestations 24+0 to 27+6 in trial. Ability to give informed consent also added to eligibility. 

Primary site PI change due to staff changes. 

4. Correction of typing errors 

Non-substantial amendment

May 2019

Protocol 

Consent form

Sponsors

Table 1: Table of Amendments to PIPIN.

	4a. Participants
Participants were screened for eligibility with the following inclusion and exclusion criteria: 
Inclusion

Exclusion

Ability to Give Consent

Immediate delivery deemed necessary for fetal or maternal reasons

Gestation 28+0 (or 24+0 after amendment 2) to 35+6 based on a dating USS obtained at ≤ 16+0 weeks gestation

pPROM

Singleton Pregnancy

Obstetric Cholestasis

Aged 16 years or older

Established severe Pre-Eclampsia or HELLP syndrome

Not previously Recruited to this Study in this Pregnancy

Taking drugs known to alter the pharmacokinetics or efficacy of pravastastin, including erythromycin and nifedipine

A ‘positive’ (≥ 51ng/mL) fetal fibronectin OR cervical length ≤ 15mm on transvaginal USS OR cervical dilation between 3 and 10cm

Taking any one of the prohibitied medications as detailing in the pravastatin SmPC

Uterine Activity ≥ 1 in 20

Lactose intolerance

No Major Congenital Anomalies

Personal or first degree relative with heritable muscle disorder

Participating in another CTIMP

Table 2: Inclusion and Exclusion Criteria for the PIPIN Study. USS: Ultrasound; pPROM: preterm prelabour rupture of membranes; HELLP: Haemolysis, elevated liver enzymes and low platelets; SmPC: Summary of Product Characteristics; CTIMP: Clinical Trial of an Investigational Medicinal Product 
4b. Study settings
Participants were recruited from the Simpsons Centre for Reproductive Health, at the Royal Infirmary of Edinburgh. Outcomes were collecting from the above and from the laboratories: the QMRI laboratories and the Mass Spec Core facility, University of Edinburgh 
5. Interventions 

Participants received either Pravastatin 40mg or a matched, blinded placebo (backfilled with lactose monohydrate). Intervention was administered as soon as possible after recruitment, and continued once daily (every 24 hours or as close to this as feasible) for 7 days or until delivery (whichever was soonest). 
6a. Outcomes
Primary outcome data 

1. Trial uptake: eligible participants as compared with recruitment. 

Secondary Outcome Data 

1. Routine participant demographics including past medical history and drug history

2. Any additional treatments received during inpatient stay (including magnesium sulphate, antibiotics, syntocinon / other methods of induction/augmentation and steroids) 
3. Retention, adherence and ability to collect clinical outcomes from participants
4. Time from presentation with threatened preterm labour to delivery of first dose of IMP. 

5. Time from presentation to acute care and assessment services with suspected preterm delivery to delivery itself, as well as gestation at delivery

6. Contraction frequency during treatment course, from presentation to delivery or cessation of regular uterine activity.  

7. Bloods: Liver function tests, creatinine kinase levels (side effects), maternal and cord inflammatory profile (see 2.2.2 for details of measures within the inflammatory profile).

8. Compliance with treatment 

9. Adverse events 

10. Acceptability of the trial following completion of the protocol 

11. Other clinical outcomes

a. Maternal outcomes: 

i. Proven maternal infection 

ii. Safety of intervention to mother (self-reported AEs and biochemical monitoring of liver function tests and creatinine kinase). 

iii. Pre-labour ROM 

iv. Duration, location and level of care of hospital stay following presentation with suspected preterm labour AND following delivery. 

b. Neonatal morbidity and mortality, safety of intervention, gestational age at delivery, birthweight, duration, location and level of care required following delivery. If in utero transfer occur, cause of method of transport used. 

12. Pharmacokinetics of pravastatin 
6b. Changes to outcomes 
Initially it was planned to Contraction frequency as monitored at presentation and from randomisation to delivery or cessation of regular uterine activity. However this proved to be unfeasible and therefore was discontinued. 

Pharmacokinetics were not possible due to the small number of recruited participants. However, pravastatin levels in participant samples were reported in lieu of formal pharmacokinetics. 

7a. Sample size 
A formal power calculation was not considered necessary or appropriate for a feasibility study: the primary outcome in this feasibility study was recruitment rate. Together with data on time to delivery and participant acceptability, this will be used to determine whether a large randomised trial is warranted and feasible. The remaining outcomes will be used either as safety markers, or to inform the design of a large randomised trial.

7b. Interim analyses and stopping guidelines

There were no planned interim analyses. 

The following stopping rules were applied to PIPIN based on maternal and neonatal deaths that are possibly or definitely related to IMP. We have based these rules on the expected frequency of maternal and neonatal deaths in the population.
 
We do not anticipate that there will be any maternal deaths (maternal death rate in the UK is 8.5 per 100,000). So in n=40 women we would not expect any deaths – we would need to recruit almost 12,000 women to expect 1 death.  

We anticipate that the death rate of babies in the PIPIN population will be at least 6% (based on the Oracle study, which also recruited women in preterm labour (Kenyon et al. 2001). The Oracle study recruited women suspected clinically to be in preterm labour; in PIPIN we will recruit women in whom a “test” has additionally confirmed the onset of preterm labour, hence preterm birth (with associated neonatal death) is more likely to occur in PIPIN). 
 
With an expected death rate of 6%, we consider that a doubling of this rate would be grounds for serious concern, if such deaths were thought to be related or possibly related to study IMP, that will prompt a halt in recruitment pending review by the independent DMC (iDMC), We will randomize around 20 to pravastatin, and assume there is no cross over from placebo to pravastatin (although of course as safety data these will be analysed according to treatment received). If there is 1 death thought to be related to IMP in any the first 10 randomised to pravastatin, or cumulatively 2 deaths in the first 20 randomised to pravastatin, this will trigger a review by the iDMC, and if the iDMC believes that it is plausible that the deaths are related to the IMP, the DMC will advise whether the trial should be stopped, or the circumstances under which the trial should continue. 

The two most severe class side effects of statins, that is liver toxicity (defined by jaundice, hepatitis or fulminant hepatic necrosis) and muscular toxicity (rhabdomyolysis), both occur at a frequency of less than 1 < 10,000. Occurrence of these in any participant with reasonable suspicion of causation due to the IMP will prompt review of unblinded data by the DMC. 

8a. Randomisation: sequence generation
Random allocation sequence generated by ECTU. 
8b. Randomisation: type

Randomisation blocks used permuted blocks of size 2, 4, and 6, randomly sorted, and spliced with occasional randomly inserted simple runs of random length to aid unpredictability

9. Randomisation: allocation concealment mechanism 
IMP packs were sequentially numbered. Randomisation codes were provided to ISG by ECTU, and packs dispensed in a sequential fashion from these. Randomisation codes will be held by both ECTU and the local Pharmacy department. 

10. Randomisation: implementation

Participants were allocated to the study drug in a sequential manner by the Clinical Research Fellow, who both enrolled participants and assigned the interventions. 

11a. Blinding 
This trial was double blinded. Randomisation codes and treatment allocations were held by the Clinical Trials Pharmacist at the Royal Infirmary of Edinburgh and by ECTU. Outcomes were assessed by the clinical research fellow and trial statistician in a blinded fashion. 
11b. Similarity of interventions

The interventions (placebo or pravastatin) were visually identical. The placebo was a ‘00’ Swedish Orange casing filled with lactose monohydrate, whilst the pravastatin was a ‘00’ Swedish Orange casing containing 1 40mg pravastatin tablet and backfilled with lactose monohydrate. 
12a. Statistical methods

As this is a feasibility study, the quantitative data will be presented descriptively, using appropriate summary statistics with corresponding 95% confidence intervals. Additionally, the results will be summarised separately for the two population groups, and no formal comparisons will be made. The key outcome measure is the proportion of participants recruited from the number eligible, and will reported by a CONSORT-style flowchart (section 13a) showing where participants are lost between eligibility, consent and randomisation, and by a point estimate and exact binomial 95% confidence interval. 
Secondary outcomes will be reported by treatment group (statin vs placebo) and overall. Continuous or count variables will be described by mean and 95% CI (or median and IQR if more appropriate), and categorical variables by percentages. Number of missing values will also be recorded.

Missing data, in terms of compliance and ability to collect data, is one of the secondary endpoints. No attempt to adjust for missingness will be made. Failure of normality assumptions (or lack of symmetry if numbers are small) will be examined by histogram. If this fails, data will be transformed or analysed using non-parametric methods.

Analysis will be performed on an intention to treat basis to minimise possible bias. No formal tests of significance will be performed.
12b. Additional analyses

Due to small sample sizes, there were no additional analyses. 
Results

13a. Participant Flow (consort) diagram
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13b. Losses and exclusions

One participant in the placebo allocation lost the study medication but did not receive a new supply as the trial team were not informed. As analysis was performed on an intention to treat basis, outcomes for this participant were measured and analysed. 
14a. Recruitment
Recruitment occurred between 3/8/2019 and 29/11/2020
14b. Reason for stopped trial

Insufficient recruitment clearly answering the primary outcome of feasibility. 
15. Baseline Data

Placebo
Pravastatin
Mean
Standard Deviation
Number
Mean 
Standard Deviation
Number 
Age

23.75

4.86

4

27

1.73

3

Gestational Age (days)

212.5
(30+3)
29.49

4

224
(32+0)
20.52

3

Cervical Dilation (cm)

0

0

4

2

2

3

Weight (kg)
51.5

8.66

4

77

10.44

3

Height (m)
1.64

0.06

4

1.62

0.05

3

BMI

19.1

1.98

4

29.55

5.8

3

Systolic Blood Pressure (mmHg)
101.75

8.5

4

109.33

1.15

3

Diastolic Blood Pressure (mmHg)
61.25

2.5

4

67

10.44

3

Caucasian

4

3

Smoker

75%

66.7 %

Parity 

Primiparous
25%

Prim

0%

Multiparous
75%
Mulitp

100%

Table 3: Baseline data for participants recruited to PIPIN
16. Numbers analyzed
A total of 7 participants were recruited. 3 in pravastatin group; 4 in the placebo group. All participants were analyzed in the originally allocated groups. 
17a. Outcomes and estimation
Primary outcome data 

Patient eligibility was assessed by research staff, following identification of patients by clinical staff. Of the 214 patients screened, 35 (16%; 95% CI 11.7-22.0) were found to be eligible. This eligibility rate is reflective of the broad screening criteria of ‘threatened preterm labour’, which was employed to ensure capture of as many potential participants as possible. Of the 35 eligible participants, 27 (77%) had a positive fetal fibronectin, whilst 8 (23%) had a cervical dilation ≥ 3cm. No patients had a transvaginal ultrasound scan at the point of screening to assess for eligibility. 

Recruitment of 7 of a possible 35 eligible participants represents a 20% (95% CI 8.4-36.9) recruitment rate. However, only 18 of a possible 35 eligible participants were approached by trial staff to discuss inclusion in the PIPIN trial.  

Secondary Outcome Data 

· Retention, adherence and ability to collect clinical outcomes from participants.

It was possible to collect clinical outcomes from all participants other than contraction frequency. 6 of 7 participants adhered to the treatment protocol. A total of 31 samples were collected from participants and from the umbilical cord after delivery. 12 samples were declined by the participants, or unable to be collected due to researcher availability (including for a participant who delivered without the knowledge of the trial team). This equates to 72% samples obtained according to protocol.
Only 1 of 7 participants completed the study feedback form.  
· Any additional treatments received during inpatient stay
Placebo

Pravastatin

Antenatal Therapies

Magnesium Sulphate

1 (25%)

1 (33%) 

Antenatal Corticosteroids

3 (75%)

2 (66%)

Antenatal Antibiotics

2 (50%)

0 

Other Therapies

Buscopan (1 – 25%)

Dalteparin (1 – 25%)

0

Intrapartum Therapies

Intrapartum antibiotics 
2 (50%)
2 (66%) 
Epidural Anaesthesia
0
1 (25%)
Spinal Anaesthesia
1 (25%)
0
General Anaesthesia
1 (25%)
0
Table 4: Antenatal and Intrapartum Therapies
· Time from presentation with threatened preterm labour to delivery of first dose of IMP.
In the placebo group, the average latency from presentation to IMP dispensing was 36 +/- 18 hours, compared with 3.5 +/- 0.4 hours in the group who received pravastatin. This was due to the differing presentations between the two groups, as 2 of the 3 participants in the pravastatin group presented and were recruited whilst in active labour. This increased the urgency of recruitment and speed of processes including dispensing of IMP. 

· Time from presentation to acute care and assessment services with suspected preterm delivery to delivery itself (Latency to Delivery), as well as gestation at delivery

Placebo

Pravastatin

Latency to Delivery (hrs) 
645 +/- 572
357 +/- 604
Gestational Age at Delivery (days)
238 +/- 6.2
239 +/- 33
Table 5: Latency to Delivery with Gestational Age at Delivery. Data presented as mean +/- standard deviation.
· Contraction frequency during treatment course, from presentation to delivery or cessation of regular uterine activity.  

It was not possible to collect this outcome data. 

· Bloods: Liver function tests, creatinine kinase levels (side effects), maternal and cord inflammatory profile. 
See below under ‘safety of intervention (maternal)’ for information regarding liver function tests and creatinine kinase levels. 

Inflammatory Profile tests:

A total of 31 blood samples were obtained from participants, including 5 from umbilical cords at delivery. A breakdown of source, timing and treatment allocations is shown in table 5. 
Placebo

Pravastatin

Randomisation

4

2

12 Hours

3

1

24 Hours

2

1

48 Hours

2

1

Day 4

1

0

Day 7

3

1

Delivery (Maternal)

2

3

Delivery (Cord)

2

3

Total

19
12
Table 6: Record of blood tests obtained from participants in the PIPIN trial.
Initially, it was hoped that comparison between treatment groups at all time points would be possible. However, the number of samples obtained at each time point preclude analysis at some points. Direct comparisons between pravastatin and placebo at randomisation and delivery (both maternal and cord) are represented below:
A
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Figure 1: Inflammatory Profile Results at Randomisation (A) and Delivery (both maternal (B) and cord (C)). Data points represent values from individual samples, with n numbers as described above. Analyte scale: IL-6, IL-8, IL-10, IL-13, TNF R1 and TNFα all pg/mL; remaining analytes ng/mL.  
At all time points, IL-1β and IL-17 were below the lower limit of detection in all samples. At randomisation, IL-6, IL-8, IL-10, IL-13 and TNFα were likewise below the lower limit of detection in all samples, but were detected in some samples at delivery. With the sample sizes available, high inter participant variability and several analytes below the lower limit of detection, formal statistical analysis is not possible. However, in general, the values in the inflammatory profiles of participants at randomisation were similar. At delivery, IL-10 was only detected in 1 participant in the placebo group, and the converse true of IL-13. Other values were again broadly similar. 

In cord blood at delivery there was variability in detection of analytes between the two samples in the placebo group, with one sample having much higher levels of IL-8, IL-1RA and TNFα than the other. This corresponds with the clinical scenario, as this baby was significantly more premature and proven chorioamnionitis. Between groups, TNF R1 was lower in all pravastatin samples than placebo samples. All other analytes were again similar. 
· Compliance with treatment 
6 of 7 participants took all study medications dictated by the protocol (either 7 days therapy, or until delivery). 1 participant took 2 of 7 doses, but lost the medication bottle on discharge home and did not take any further medications. She reported that this was only due to misplacement of the investigation medicinal product (IMP), rather than side effects or a wish to withdraw from the trial. No replacement medication was provided as the participant informed the trial team of the loss at the day 7 visit. In total, compliance with prescribed therapy was 86%. 

· Adverse events 
Adverse events (AEs) were identified through self - reported and by electronic record checking. Of 7 participants, 1 experiences 3 AEs, and 3 participants experiences 1 each. Two of these were graded as serious adverse events (SAEs). Unfortunately, 1 of these was a neonatal death, 6 weeks after delivery. This prompted a halt in recruitment pending a full investigation. The trial was restarted after concluding that the outcome was unrelated to the IMP. All AEs occurred in participants in participants allocated to the placebo group (Table 5)

Adverse Event

Number

Dysuria

1

Nausea

1

pPROM

2*

Retained placenta

1

Neonatal Death

1

Table 7: Adverse Events Occurring in Participants in the PIPIN trial. All events occurred in participants in the placebo allocation. *initially classified as a SAE, but after discussion with Data Monitoring Committee, reclassified as an AE.
· Acceptability of the trial following completion of the protocol 
1 of 7 participants completed the trial feedback form. 

· Other clinical outcomes

a. Maternal outcomes: 

i. Proven maternal infection

2 participants were diagnosed with infection: 1 with Chlamydia on admission and 1 with chorioamnionitis. Both participants were in the control group. The participant with chlamydia was treated on admission and discharged home pregnant; the participant with chorioamnionitis underwent emergency caesarean section for maternal sepsis.  
ii. Safety of intervention to mother (self-reported AEs and biochemical monitoring of liver function tests and creatinine kinase). 
The safety of the intervention was monitored through participant-reported adverse events (see table 5), and blood tests to check for the two most serious complications of statin therapy, liver dysfunction and rhabdomyolysis at baseline and day 7 of treatment. There were no incidences of statin treatment causing a rise in liver transaminases or creatinine kinase between randomisation and day 7 (figure 2). 
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Figure 2: Liver Transaminase and Creatinine Kinases levels at Baseline and Day 7 in participants. Each data point represents an individual participant sample. ALP: alkaline phosphatase; ALT: alanine transferase; CK: Creatinine Kinase
iii. Pre-labour ROM 
Two participants had a pPROM (premature prelabour rupture of membranes). Both of the affected participants were in the treatment group who received placebo. 

iv. Duration, location and level of care of hospital stay following presentation with suspected preterm labour AND following delivery.
Placebo

(n=4)

Outcomes

Pravastatin

(n=3)

Outcomes

Admission with Preterm Labour

Duration of Stay (hrs)
74 +/- 35
75% discharged home pregnant
71
33% (1 patient) discharged home pregnant 
Level of Care

Standard Antenatal

Standard antenatal

Admission Leading to delivery

Duration of Stay (hrs)

182 +/- 169

101 +/- 43 

Level of Care

Standard postnatal

66% Standard postnatal; 33% 6 hours HDU followed by standard postnatal

Table 8: Maternal Duration and Level of care both during admission for threatened preterm labour, and admission leading to delivery (if these two were different). Data represented as mean +/- standard deviation
b. Neonatal morbidity and mortality, safety of intervention, gestational age at delivery, birthweight, duration, location and level of care required following delivery. If in utero transfer occur, cause of method of transport used. 
Neonatal Outcomes are presented below: 

Placebo

Pravastatin

Mode of Delivery
Spontaneous Vaginal

2

3

Assisted Delivery

1

Caesarean Delivery

1

Delivery Observations
Baby Weight (g)

2400 +/- 1343

2503.3 +/- 1134

Apgar 1

9 +/- 0 

7.67 +/- 0.58

Apgar 5

9 +/- 0

7.67 +/- 2.31

Venous pH

7.28 +/- 0.02

7.18 +/- 0.17

Arterial pH

7.27+/-0

7.1+/- 0.08

Neonatal Place and Duration of Care (Days)
NICU
3.5±7.0

2±3.7

NHDU
6.5±13.0

17.3±30.0

SCBU
2.33±4.0

7±12.1

Standard
1.67±2.1

3±1.7

Total

14

29

Neonatal Complications
Respiratory morbidity
1 (25%)
1 (33%)
GI morbidity

1 (25%)
Early developmental morbidity

1 (25%) 
Jaundice 

1 (25%)
2 (67%)
Neonatal Death 

1 (25%)
Table 9: Neonatal Outcomes from the PIPIN Trial (n=7). Data are presented as absolute numbers, mean +/- standard deviation or percentages where appropriate. 
2. Pharmacokinetics of pravastatin 
All blood samples were analysed by liquid-chromatography mass spectroscopy (LCMS) for both pravastatin and the most abundant metabolite, 3α-iso-pravastatin. Pravastatin was detected in 4 of 10 samples taken from participants receiving pravastatin during the treatment phase, all of which were maternal. The shortest interval between dosing and sampling was 99 minutes. In this participant (marked black), pravastatin levels were 38.9 ng/ml. The remaining three samples were taken from a second participant in the treatment group, marked red, between 14 and 23 hours after dosing, and levels were 0.5 – 0.8 ng/mL. There was no pravastatin or metabolite detected in any cord samples. 
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Figure 3: Pravastatin levels detected in peripheral blood from maternal samples taken during the treatment phase (n=4). Each data point represents a different sample. Pravastatin detected using liquid chromatography with tandem mass spectroscopy.
18. Ancillary analyses

Nil ancillary analyses performed. 
19. Harms
There was no evidence of harms from the intervention. Of the AE and SAEs reported (see table 5), all occurred in the placebo group. 
Discussion

20. Limitations

PIPIN is a feasibility study, and by nature, sample sizes are small, limiting clinical conclusions that can be drawn from results. Whilst this feasibility study did answer the question as to the potential for this design to be implemented on a large scale, it should not be used as hypothesis testing for the efficacy and safety of pravastatin for the prevention of preterm birth. With 7 participants, clinical conclusions are further limited even compare to a standard feasibility trial. So, whilst it was encouraging that there were no adverse events in the pravastatin group, this can only be used to add to the current body of evidence of pravastatin use in pregnancy rather than as a standalone demonstration of safety. Likewise, the absence of pravastatin in any cord blood (even when maternal levels were at the anticipated peak) is encouraging, but should not be used as conclusive proof of absence of transplacental transport. 
As PIPIN was a double blinded, placebo controlled randomised trial, selection, performance and detection bias were all minimized as much as feasible. Attempts were made to limit reporting bias by generation of statistical and result reports in a blinded fashion, as well as predetermination of reported outcomes. However, one of these reported outcomes, contraction frequency over the course of the treatment period, was unfeasible to collect and therefore not reported. 
One protocol violation occurred during the course of the trial, relating to an administrative error on a sample decoding sheet. This was in part caused by an alteration in laboratory practice due to the coronovirus pandemic, which meant that samples could not be overlabelled and quality controlled by two independent people. This violation was resolved by removal of overlabels and did not compromise the scientific validity of the outcomes. Throughout the trial there were recurrent protocol deviations relating to the daily temperature monitoring of the IMP storage facility. This relied on manual recording of the temperature on a dedicated document on the storage facility. At no point did the recorded temperature exceed the safe storage temperature, and recording improved following additional staff training. However, it would be practical to consider additional methods such as remote monitoring for IMP use in future. 
21. Generalisability 

This study is generalizable in two circumstances: the design of clinical trials of an IMP for the prevention of preterm delivery, and the use of pravastatin in pregnancy. For clinical trial design, the methods and results of PIPIN could be taken into account for any trial of an IMP that requires women to be recruited when already in preterm labour. As we found, recruitment under these circumstances is extremely challenging, and this would need to be considered in the future design. We would advise that, where scientifically valid and possible, alternative recruitment strategies should be considered. 
Secondly, the results of PIPIN show that pregnant women are willing to take pravastatin. Research is ongoing into the efficacy of pravastatin for the prevention of other pregnancy specific complications such as pre-eclampsia. The findings of PIPIN support the acceptability of pravastatin to pregnant women. This is most likely because of the known safety profile in pregnancy and the evidence against transplacental transport. This suggests that should another medication be repurposed for use in pregnancy, knowledge of these parameters would be key for the acceptability to pregnant women. 
22. Interpretation

Women in Threatened Preterm Labour are willing to be randomised to pravastatin or placebo as part of a trial, but the design of PIPIN is not feasible on a large scale

Women in threatened preterm labour are willing to take pravastatin in a double blinded, placebo controlled trial, based on a recruitment rate of 39% of eligible patients with whom the trial was discussed.  This does suggest that should a large scale efficacy trial be performed in the future, the intervention is acceptable to participants. However, the design of this trial is not feasible, and alternatives should be considered, demonstrated by recruitment of just 7 participants over 15 months. This is even with a 24-hour patient referral service, which clinicians could use to highlight potential participants to the trial team, and multiple clinicians themselves trained to recruit participants. 

 The reasons for this are the inefficiency of the screening process, and the logistical difficulty of approaching all patients admitted with confirmed preterm labour. Just 16% of those screened were eligible, and just under 50% of those eligible were not approached, even with good trial visibility in the unit and a 24 hour on call trial clinician. As the powering for a large scale trial indicates recruitment of around 1200 patients to detect a clinically significant difference in rates of preterm delivery, this would extrapolate to screening around 37,000 patients with threatened preterm labour to recruit 1200. As there were 733,903 deliveries in the UK in 2018 (Office of National Statistics), this equates to screening 5% of all pregnant women – and this is before the criteria of threatened preterm delivery is considered. 

Furthermore, all recruitment of all participants was performed by the clinical research fellow responsible for PIPIN. For a large scale trial, recruitment would be performed by clinicians trained in the study protocol. However, the process of recruitment for this kind of trial takes upwards of an hour to complete. On a busy labour ward or assessment unit, this is a large burden on clinical staff, particularly with a time-critical intervention such as a therapeutic to prevent preterm labour in participants who have evidence of preterm labour. This is a hugely stressful time for participants, and it is challenging to ensure that they are in a position to consider all of the information about the trial, time to assess this information and discuss with their partners, and complete all of the necessary paperwork in the timely fashion required for a time-critical intervention. 

Clearly, this approach is not feasible, either financially or practically. This is backed up by the termination of the GSK trial of retosiban for the prevention of preterm delivery in women with preterm labour, due to feasibility of recruitment in a timely manner (Saade et al., 2020).  

There were no adverse events in the participant group treated with pravastatin

In this study, 7 participants in two groups (4 in Placebo, 3 in Pravastatin), and the significant heterogeneity of these participants, precludes meaningful analysis of outcomes. What can be reported is that all of the adverse events were in the placebo group. Both the severe adverse events that occurred, premature, prelabour rupture of membranes (pPROM), and neonatal death, are more common in women at risk of preterm delivery. There were no cases of the two most severe conditions associated with statin use, rhabdomyalosis or hepatic failure. Whilst this of course does not prove the safety of the use of pravastatin in pregnancy, it does add information to the safety profile, and is in line with the findings from other trials (Costantine et al., 2016). 

LCMS Analysis of blood samples supports absent transplacental transport and previously published pharmacokinetics 

A total of 10 samples were taken from participants receiving pravastatin during the treatment phase, of which 8 were maternal and 2 from cord blood. LCMS demonstrated peaks equating to pravastatin in 4 of 10 samples, all of which were maternal. A high peak of 38.9ng/mL pravastatin was found 99 minutes after oral dosing. This is in keeping with the previously described pharmacokinetics of pravastatin in pregnancy, which reported a third trimester Cmax of 11.1 +/- 6.2ng/mL at a Tmax​ of 1.5 +/- 0.4 at oral doses of 10mg daily (Costantine et al., 2016). As this study used a dose of 40mg pravastatin, an almost 4 fold higher finding at the anticipated Tmax is in keeping. The remaining 3 samples were obtained 14 – 23 hours after dosing. The previously reported half-life of pravastatin (hours) in the third trimester is 3.0 +/- 1.6. If the Cmax is 39ng/mL and half-life 3 hours, these findings are in keeping with estimated concentration of 0.3 – 1.2ng/mL. It is unclear why no pravastatin was detected in one participant when sampling occurred 10 hours after dosing. 

No pravastatin or metabolite was detected in cord blood. One sample was taken concurrently with the maternal delivery sample showing the ‘high peak’ as discussed. This supports the evidence that there is very little or no transplacental transport of pravastatin or its metabolite. 

Low recruitment and heterogeneity across treatment groups precludes analysis of clinical maternal or fetal outcomes, including the inflammatory profiles 

With recruitment of 7 participants in total, no formal comparison of clinical outcomes can be drawn between placebo and pravastatin groups. Furthermore, the significant heterogeneity between the groups further compounds the groups. Most notably, 5 of 7 participants were recruited due to an elevated fetal fibronectin swab. The remaining two were recruited due to cervical dilation > 3cm, both of which happened to be in the pravastatin group. Therefore the increased latency to delivery in the placebo group: 644 +/- 572 hours compared with 357 +/- 604 hours is very likely a consequence of this. This is in line with current literature which suggests that in patients with symptoms of preterm labour and a positive fetal fibronectin test, around 20% delivery within 7 – 10 days. However, in patients again with symptoms of preterm delivery and a cervical dilation ≥ 2cm, average time to delivery is < 24 hours (di Tommaso et al., 2015; Honest et al., 2002). 
The neonatal duration of stay in hospital was, in total, longer in the group in the babies from the pravastatin group, at 29 days compared to 14 days in the placebo group.  However, these results were significantly skewed by one prolonged stay of a premature baby. The complications seen in the neonates, include jaundice, respiratory, GI and early neurodevelopment morbidity are well recognised complications of extreme prematurity.

Compliance with therapy and blood tests were excellent, but neither the study diary nor the feedback questionnaire proved useful 

Compliance with treatment is an important factor when considering trial design and sample size calculations. A compliance rate of 85% is encouraging, but it should be noted that this was a very short course of treatment and the majority of participants were in hospital for the duration of therapy, which is known to increase compliance. Therefore, this figure must be adjusted in future calculations, based on other trial data available. Compliance with blood tests was good at 72%. However, this represented a significant burden both on the participants and the study team performing them, and the frequency of tests should be reconsidered. Neither the study diary nor the feedback questionnaire were well adhered to, and should be reconfigured for future trials. 

Future Considerations 

It was clear that the PIPIN study design was not feasible despite every reasonable effort made to improve recruitment. During the trial, alternatives were considered. There is mechanistic evidence that pravastatin could be more effective as a longer term, lower dose therapy from the second trimester onwards – i.e., as a preventative treatment, rather than therapeutic intervention once preterm labour has begun. As the primary mechanism for efficacy is thought to the anti-inflammatory properties, with a secondary anti-contractile effect, maintaining an anti-inflammatory environment from the second trimester until term is likely to have more benefit than a short course treatment when the labour cascade has already begun. If inflammation levels could be kept low throughout pregnancy, this may prevent initiation of preterm labour. 

In effect, women considered to be at high risk of preterm delivery (either due to their obstetric history, or a mid-trimester elevated fetal fibronectin) would be approached for inclusion within the trial, with daily dosing of pravastatin (or placebo) until 36+6 weeks gestation. The dose of pravastatin would be lowered to minimise the risk of side effects, as was shown to be effective in trials of pravastatin for the prevention of pre-eclampsia (Constantine). This design was discussed with the potential patient population at the preterm birth clinic and found to be both acceptable and received positively. Likewise, steps were taken to implement this, alongside PIPIN, and the design received positive feedback from the sponsors and funders. However, implementation was not possible due to the limited time remaining within this trial. Given the success of the OPPTIMUM trial, which has many design parallels with the suggested new pravastatin statin, and the information from PIPIN that pregnant women at risk of preterm delivery are willing to take pravastatin, this approach is likely to be effective. 
Other Information

23. Registration

PIPIN is registered on ISRCTN (82984919) 
24. Protocol
The full PIPIN protocol (version 5.0) is available on ISRCTN. 
25. Funding 
PIPIN was funded by the Chief Scientist Office (CSO), funding reference TCS/18/30. 
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Assessed for eligibility (n= 214)





Excluded (n=207 )


   Not meeting inclusion criteria (n=179 )


   Declined to participate (n=11)


   Other reasons (n=17)


	





Allocated to placebo (n= 4 )


 Received allocated intervention (n= 4 )








Allocated to intervention (n=3)


 Received allocated intervention (n= 3 )








Lost to follow-up (give reasons) (n= 0)


Discontinued intervention (give reasons) (n= 1) – lost medication
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Discontinued intervention (give reasons) (n=  )





Randomized (n= 7 )
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Analysed  (n=3  )�





Analysed  (n= 4 )�
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7
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