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Introduction 

 
This document details the proposed presentation and analysis for the main paper(s) 
reporting results from the National Institute for Health Research (NIHR) Efficacy 
Mechanisms & Evaluation (EME) programme funded multi-centre, masked, randomised 
controlled trial PITCHES. 
 
The results reported in these papers will follow the strategy set out here. Subsequent 
analyses of a more exploratory nature will not be bound by this strategy, though they are 
expected to follow the broad principles laid down here. The principles are not intended to 
curtail exploratory analysis (example: to decide cut-points for categorisation of continuous 
variables), nor to prohibit accepted practices (example: data transformation prior to 
analysis), but they are intended to establish the rules that will be followed, as closely as 
possible, when analysing and reporting the trial.  
 
The analysis plan will be available on request when the principal papers are submitted for 
publication in a journal. Suggestions for subsequent analyses by journal editors or referees, 
will be considered carefully, and carried out as far as possible in line with the principles of 
this analysis plan; if reported, the source of the suggestion will be acknowledged. 
 
Any deviations from the statistical analysis plan will be described and justified in the final 
report of the trial. The analysis should be carried out by an identified, appropriately 
qualified and experienced statistician, who should ensure the integrity of the data during 
their processing. Examples of such procedures include quality control and evaluation 
procedures. 
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Background information 

Rationale 

Intrahepatic cholestasis of pregnancy (ICP), also called obstetric cholestasis (OC), is the most 
common liver disorder specific to pregnancy. It presents with maternal pruritus, raised 
concentrations of serum bile acids and abnormal liver function tests. The maternal 
symptoms typically resolve postpartum, but affected women have an increased risk of 
hepatobiliary disease in later life (Marschall et al., 2013). ICP is associated with increased 
rates of spontaneous and iatrogenic preterm labour, fetal hypoxia, meconium-stained 
amniotic fluid (Glantz et al., 2004, Chappell et al., 2012, Geenes and Williamson, 2009). 
There are also reports of increased rates of intrauterine death (Fisk et al., 1998, Davies et 
al., 1995, Williamson et al., 2004), although the incidence is low (Glantz et al., 2004, Geenes 
et al., 2014). Most clinicians treat ICP with ursodeoxycholic acid (UDCA) (Saleh et al., 2007, 
Zapata et al., 2005) to improve maternal pruritus and biochemical abnormalities. 
 
However, there are currently no data to support the use of UDCA to improve pregnancy 
outcome as none of the trials performed to date have been powered to address this 
question. 
 
UDCA is a naturally occurring bile acid that is present in small amounts in humans. It is 
relatively hydrophilic and has several actions that result in improvement of cholestasis. The 
main clinical research question is whether adverse pregnancy outcomes can be reduced in 
women with ICP by treatment with UDCA. 
 
The recent PITCH pilot trial in 111 ICP women demonstrated that UDCA decreased maternal 
itching compared to placebo but by less than the difference pre-specified as clinically 
meaningful (Chappell et al., 2012). 
 
The latest updated Cochrane review (Gurung et al., 2013) judged many of the primary trials 
to be at moderate to high risk of bias. Trials to date have lacked power to demonstrate 
whether UDCA is fetoprotective, with numbers of participants and adverse events too small 
to enable recommendation of UDCA. The Cochrane review concluded that larger trials of 
UDCA to determine fetal benefits or risks are needed. 
 
If UDCA is found to be beneficial in ameliorating adverse perinatal outcomes, once 
published these results would be highly likely to lead to an immediate change in clinical 
practice, through individual choice of clinicians and women, and through changing 
national/international guidelines. 
 
Objectives of the trial  

The primary short term objective of the trial is to determine if UDCA treatment of women 
with ICP between 20+0

 and 40+6
 weeks of gestation reduces the following adverse perinatal 

outcomes up to infant hospital discharge: 

• In utero fetal death after randomisation 

• Known neonatal death up to 7 days 
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• Preterm delivery (less than 37 weeks’ gestation) 

• Neonatal unit admission for at least 4 hours. 
 
The secondary objectives of the trial are: 

• To investigate the effect of UDCA on other short term outcomes for both mother 
and infant 

• To assess the impact of UDCA on health care resource use: in terms of the total 
number of nights for mother and infant, together with level of care. 

 
Trial design 

This will be a masked placebo-controlled randomised trial, to evaluate UDCA vs. placebo in 
women with ICP between 20+0

   and 40+6
 weeks’ gestation. The study will be conducted with 

580 women at approximately 30 centres across the UK. 
 
It is anticipated that the trial will last four years. Recruitment will run for approximately 39 
months. 
 
Recruitment will be rolled out to centres, with a staggered start. Following recruitment of 
the final participant we will allow six months for completion of pregnancy of all remaining 
participants and for their infants to be discharged home. This will be followed by data 
cleaning and analysis. 
 
Eligibility 

Inclusion criteria: 

• ICP (pruritus with a raised serum bile acid above the upper limit of normal for the 
local laboratory),  

• 20+0 to 40+6 weeks' gestation on day of randomisation,  

• No known lethal fetal anomaly, 

• Singleton or twin pregnancy, 

• Aged 18 years or over, 

• Able to give written informed consent. 
 
Exclusion criteria: 

• Decision already made for delivery within the next 48 hours, 

• Known allergy to any component of the UDCA or placebo tablets, 

• Triplet or higher-order multiple pregnancy. 
 
Interventions 

Treatment group: 
UDCA 1 g daily (500 mg bd), increased in increments of 500 mg per day every 3–14 days if 
there is no biochemical or clinical improvement, based on clinical decision, to a maximum of 
2 g per day. The dose of IMP may be reduced to 500 mg daily. 
 
Administered orally as Ursofalk tablets each containing 500 mg UDCA. 
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Comparator: 
Identical placebo tablets administered in the same dose increments orally. 
 
Definition of primary and secondary outcomes 

Primary outcomes 
Primary perinatal outcomes: 
A composite of perinatal death (as defined by in utero fetal death after randomisation or 
known neonatal death up to 7 days) or preterm delivery (less than 37 weeks’ gestation) or 
neonatal unit admission for at least 4 hours (between infant delivery and hospital 
discharge). 
 
Each infant will only be counted once within this composite. 
 
Secondary outcomes 
Secondary maternal outcomes: 

• Maternal serum concentration (between randomisation and delivery) of the following 
biochemical indices of disease: 

o Bile acids 
o Alanine transaminase 
o Aspartate transaminase 
o Bilirubin (total) 
o Gamma glutamyl transferase 

• Itch between randomisation and delivery, as measured by the worst episode of itch over 
past 24 hours (mm on visual analogue scale, assessed at clinic visits) 

• Maximum dose of trial medication required 

• Need for additional therapy for cholestasis 

• Gestational diabetes mellitus  

• Assessment of myometrial contractions by CTG approximately one week (3–14 days) 
post randomisation 

• Mode of onset of labour 

• Reason for induction or pre-labour caesarean section 

• Estimated blood loss after delivery 

• Maternal death. 
 

Secondary perinatal outcomes: 

• In utero fetal death after randomisation  

• Preterm delivery (less than 37 weeks’ gestation) 

• Known neonatal death up to 7 days  

• Known neonatal death up to 28 days  

• NNU admission for at least 4 hours 

• Mode of delivery classified as spontaneous vaginal, instrumental vaginal or caesarean 

• Number of nights in each category of care (intensive, high dependency, special, 
transitional and normal) 

• Total number of nights in neonatal unit 
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• Birth weight (g) 

• Birth weight centile  

• Gestational age at delivery 

• Presence of meconium 

• APGAR score at 5 minutes  

• Umbilical arterial pH at birth 

• Need for supplementary oxygen prior to discharge 

• Number of days when supplemental oxygen is required 

• Need for ventilation support (CPAP/high flow/endotracheal ventilation) 

• Abnormal cerebral ultrasound scan 

• Confirmed sepsis (positive blood or cerebrospinal fluid cultures) 

• Necrotising Enterocolitis (Bell’s stage 2 and 3) 

• Seizures (confirmed by EEG or requiring anticonvulsant therapy) 

• Encephalopathy (treated with hypothermia) 

• Other indications and main diagnoses resulting in neonatal unit admission for at least 4 
hours. 

 
Hypothesis framework 

This is a superiority trial, comparing UDCA with placebo. Analysis of the trial will entail 
calculation of treatment effect measures and confidence intervals to assess the difference 
between the two arms. 
 
Sample size & power 

We aim to recruit 580 women in total; this will allow for the possibility of 5% of infants 
being lost to follow-up and is a conservative estimate given that some women will have twin 
pregnancies.  
 
The primary outcome measure will be a composite of perinatal death or preterm delivery 
(less than 37 weeks' gestation) or NNU admission. The sample size is informed by the most 
recent Cochrane meta-analysis (Gurung et al., 2013). This includes the trials reported in the 
previous meta-analysis (Bacq et al., 2012) with the addition of the largest trial published in 
2012 by our group (Chappell et al., 2012). 
 
From these data, we can estimate the event rate for infants of untreated women as 40% 
with a plausible and relevant reduction to 27% for infants of women treated with UDCA, 
corresponding to an absolute risk reduction of 13% and a risk ratio (RR) of 0.675. This is 
conservative compared with the effect sizes seen in the Cochrane meta-analysis (Gurung et 
al., 2013) for the three individual endpoints (RR 0.31, 0.46 and 0.48 for perinatal death, 
preterm delivery and NNU admission respectively). 550 infants of women with ICP (275 per 
group) are required to have a 90% chance of detecting, as significant at the 2-sided 5% level, 
a reduction in the primary outcome measure from 40% in the control group to 27% in the 
treated group. Allowing for 5% being lost to follow-up requires a total sample size of 580 
infants (290 per group). We are uncertain as to the proportion of women that have twin 
pregnancies in this target population. Office for National Statistics data indicate that around 
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1.5% of mothers have twin deliveries (ONS Birth Statistics, 2008). Recruiting 580 women to 
achieve a sample size of 580 infants is, therefore, a conservative estimate of the sample size 
required to address the primary (short term) objective. 
 
This number will also allow us to look at the components of the composite endpoints: a trial 
assessing 550 infants will have 89% power to demonstrate a reduction in NNU admission 
rates from 17% to 8%, and 99% power for a reduction in prematurity from 41% to 23% 
(based on the Cochrane meta-analysis – Gurung et al., 2013), both effect sizes of the same 
magnitude as that demonstrated in the previous PITCH trial (Chappell et al., 2012). We do 
not anticipate enough perinatal deaths to detect reliably any plausible treatment effect but 
we have included this due to its clinical importance and will report it separately.  
 
If there is sufficient time within the existing study time-line, additional participants will be 
recruited up to the number of women who discontinued the intervention or withdrew. 
 
Intervention allocation  

The allocation ratio of intervention (ursodeoxycholic acid) to control (placebo) arms will be 
1:1. Randomisation will be managed via a secure web-based randomisation facility hosted 
by MedSciNet with telephone back-up available. A minimisation algorithm will be used to 
ensure balance between the groups with respect to study centre (approximately 30 
centres), gestational age at randomisation (< 34, 34 to < 37, ≥ 37 weeks’ gestation), single 
vs. multi-fetal pregnancy, and serum bile acid concentration prior to randomisation (< 40 
µmol/L, ≥ 40 µmol/L). MedSciNet will hold the allocation code. 
 
Data collection schedule 

Clinical information will be collected using the following case report forms (CRFs) in a 
MedSciNet database: 

• Screening Log 

• Prior to Randomisation 

• Randomisation 

• Maternal Details 

• Contact Details 

• Study Product 

• Antenatal Visit 

• Maternal Delivery 

• Infant Delivery 

• Maternal Discharge 

• Infant Discharge 

• Adverse Events (Mother) 

• Serious Adverse Events 

• Discontinuation of Intervention 

• Trial Withdrawal.  
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See Table 1 for a schedule of trial assessments. 

Table 1: Trial assessments 

Procedure Screening1 

Trial Entry 

and 

treatment 

Weekly + four 

days2 
Delivery 

At hospital 

discharge to 

home 

Demography  ✓   ✓
 

Confirmation of 

Eligibility 
✓     

Consent3  ✓    

Randomisation  ✓    

Blood samples for bile 

acids/ALT/4 
✓ ✓ ✓   

IMP dosing5  ✓ ✓   

CTG6   

(✓) 

(first visit after 

randomisation 

only) 

  

Pruritus score on 

itching chart 
 (✓) (✓)   

SAEs7  ✓ ✓ ✓ ✓ 

Concomitant 

Medication8 
 ✓ ✓ ✓ ✓

 

Tablet adherence 

assessment 
  ✓   

Post-delivery outcome 

form 
    ✓ 

1. All screening assessments are part of routine clinical practice. 
2. Weekly visits are recommended but not mandatory; normal hospital clinical practice is acceptable. 
3. No trial specific procedures before consent. 
4. These blood tests are taken as per routine clinical practice and are not trial specific. 
5. IMP started after randomisation. IMP dose altered by PI if indicated by symptoms and/or blood tests taken 

during normal clinical practice. 
6. CTG only measured 1 week after randomisation or as per routine clinical practice. 
7. All unexpected AEs occurring during the trial that are observed by the PI or reported by the participant will be 

recorded in the eCRF, whether or not attributed to the IMP. Unexpected SAEs will be expeditiously reported. 
8. All prescribed concomitant medication only. 
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Interim analyses and stopping rules  

A Data Monitoring Committee (DMC), independent of the trial organisers, has been 
established to ensure the wellbeing of study participants and will review the trial’s progress. 
Interim analyses will be supplied, in strict confidence, to the DMC as frequently as its Chair 
requests. The terms of reference for the DMC were agreed at their first meeting, and a DMC 
Charter was completed and signed by all members. Meetings of the committee will be 
arranged annually, or more often as appropriate.  
 
The trial statistician will produce (or oversee the production of) reports for the DMC and will 
participate in DMC meetings, guiding the DMC through reports, and will also take meeting 
minutes. A template report/dummy tables will be agreed. 
 

The DMC is the only body involved in the trial that has access to the unblinded comparative 
data. It will receive and review the progress and accruing data of the trial and provide advice 
on the conduct of the trial to the Trial Steering Committee (TSC). The trial statistician will 
produce the report unblinded to allocation. 

 
Unless modification or cessation of the trial is recommended by the DMC, the TSC, 
investigators, collaborators and administrative staff (except those who supply the 
confidential information) will remain ignorant of the results of the interim analysis. 
Collaborators and all others associated with the study may write to the DMC via NPEU CTU, 
to draw attention to any concern they may have about the possibility of harm arising from 
the treatment under study. See the DMC Charter for more information.  
 
Trial stopping rules 

The DMC will periodically review study progress and outcomes as well as reports of 
unexpected SAEs. In the light of interim data and other evidence from relevant studies, the 
DMC will inform the TSC if, in its view, there is proof beyond reasonable doubt that the data 
indicate that the trial should be terminated. A decision to inform the TSC of such a finding 
will in part be based on statistical considerations. Appropriate proof beyond reasonable 
doubt cannot be specified precisely. A difference of at least 3 standard errors in the interim 
analysis of a major endpoint may be needed to justify halting or modifying the trial 
prematurely, for the superiority hypothesis.  
 
Trial reporting 

The trial will be reported according to the principles of the CONSORT statement. The final 
analysis will be conducted for all outcomes collectively, at the end of the trial. 
 
 

Protocol non-compliances 

A protocol non-compliance is defined as a failure to adhere to the protocol such as the 
wrong intervention being administered, incorrect data being collected and documented, 
errors in applying inclusion/exclusion criteria or missed follow-up visits due to error. 
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All protocol non-compliances will be summarised by trial arm in the final report.  
 
Major 

 
Data considered fraudulent is the only pre-defined major protocol non-compliances with a 
direct bearing on the primary outcome. 
 
Minor 

The following are defined as minor protocol non-compliances: 
 
Participants randomised in error: 
These include participants: 

• Who do not have ICP (pruritus with a raised serum bile acid above the upper limit of 

normal for the local laboratory) 

• Who are < 20+0 or > 40+6 weeks' gestation on day of randomisation 

• With a known lethal fetal anomaly 

• With triplets or higher-order multiple pregnancy 

• Aged under 18 years 

• Whose consent to take part has not been documented 

• Where a decision to deliver within the next 48 hours has been made 

• With a known allergy to any component of the UDCA or placebo tablets. 

 
Participants who do not receive allocated intervention: 
These include participants: 

• in the UDCA arm who did not receive UDCA (i.e. received the placebo or no study 
treatment) 

• in the placebo arm who did not receive the placebo (i.e. received UDCA or no study 
treatment). 

 
Deviations related to treatment: 

• Participants who were given UDCA in addition to the allocated treatment (i.e. 
received open-label UDCA, in addition to the dosing regime defined in the protocol). 
 

 

Adherence to the intervention 

At each antenatal follow-up visit with a member of the research team, women will be asked 
the percentage of IMP that they have taken since their last appointment and this will be 
recorded. No IMP accountability is required for this trial.  However, if a participant does 
return their medication, the research team will be responsible for returning any 
participant’s IMP to pharmacy for reconciliation and verification prior to on-site destruction.  
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A sensitivity analysis will be performed for the primary outcome, itch, and bile acid between 
randomisation and delivery, on women or babies of women who have adhered, having 
consistently (as reported at each antenatal visit) taken ≥ 90% of the intervention, compared 
with those who have not (< 90% of the intervention). It should be noted that this 
information is self-reported.  
 
See also section 7.5. 
 
 

Analysis populations 

Women and infants will be analysed in the groups to which the women were randomly 
assigned, comparing the outcome of all in the UDCA arm with all in the placebo arm, 
regardless of deviation from the protocol or treatment received (referred to as the Intention 
to Treat (ITT) population). 
 
The unit of randomisation is the mother, which raises the issue of non-independence of 
observations if the mother gives birth to twins. For perinatal outcomes, the denominator 
will be the number of infants. For these outcomes, correlations between twins will be 
accounted for in the adjusted model.   
 
Post-randomisation exclusions 

The following will be excluded from the analysis populations post-randomisation: 

• Participants for whom full consent was not obtained 
 

• Participants for whom consent to use their data was withdrawn (women can specify 
whether data collected up to the point of withdrawal can be used. If the response is 
‘No’, then they will be considered post-randomisation exclusions. If the response is 
‘Yes’, then they will be reported as ‘missing’ for any data not collected after 
withdrawal) 
 

• Participants for whom fraudulent data was detected (should fraudulent data be 
detected, consideration will be given to excluding all data for the site where such 
data were found). 

 
The numbers (with percentages of the randomised population) of post-randomisation 
exclusions will be reported by trial arm, and reasons summarised, in the CONSORT flow 
diagram. 
 

Population definitions 

Descriptive analysis population  
 
Baseline demographic and clinical characteristics will be reported for all women randomised 
for whom data are available, excluding post-randomisation exclusions.  
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Comparative analysis population  

Maternal outcomes  

All women randomised, excluding post-randomisation exclusions. 
 
Perinatal outcomes  
All infants born to a randomised mother, the denominator being the total number of 
infants. This will also exclude post-randomisation exclusions.  
 
Interim analysis population 

Different denominators will be used in the interim analysis: 

• Baseline data will be reported for all trial participants with available data, excluding 

known post-randomisation exclusions. 

• Outcome data will be reported for participants who can be described as ‘completers’ 

(i.e. all trial participants with available data who have delivered, died, been 

transferred or discharged) at the time of the database snapshot, excluding known 

post-randomisation exclusions. 

• Safety data will be reported for all trial participants with available data, excluding 

known post-randomisation exclusions. 

 
 
Descriptive analyses  

Representativeness of trial population and participant throughput 

The flow of participants through each stage of the trial will be summarised using a CONSORT 

diagram. We will report the numbers of participants: 

• Assessed for eligibility 

• Excluded (not eligible) 

• Eligible 

• Excluded (eligible) (with reasons) 

• Randomised  

• Randomised in error 

• Allocated to each intervention 

o Received allocated intervention 

o Discontinued intervention 

o Withdrew consent to use data 

• Included in the analysis 

• Excluded from analysis 

o Withdrew consent to continue to collect outcome data. 

 
Baseline comparability of randomised groups 
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Participants in the two randomised groups will be described separately with respect to their 
demographic and clinical characteristics at trial entry. 
 
Numbers (with percentages) for binary and categorical variables and means (and standard 
deviations), or medians (with interquartile range, and minimum and maximum values if 
appropriate) if the data are skewed, for continuous variables will be presented. There will be 
no tests of statistical significance performed nor confidence intervals calculated for 
differences between randomised groups on any baseline variable. 
 
This will include the following information: 

• Maternal demographic and pregnancy characteristics at trial entry 

• Previous obstetric and medical history 

• Maternal clinical characteristics at randomisation. 

 
Losses to follow-up 

The number (with percentages) of losses to follow-up among infants will be reported for the 
two trial arms, and the reasons will be recorded. Any deaths (and their causes) will be 
reported separately. 
 
 

Comparative analyses 

Detailed definition of outcomes 

Derivations of the outcomes are described in the data derivation spreadsheet.  
 

Primary analysis 

The placebo group will be used as the reference group in all analyses. All comparative 
analyses will be performed adjusting for minimisation criteria: centre (approximately 30 
centres), gestational age at randomisation (< 34, 34 to < 37, ≥ 37 weeks’ gestation), single 
vs. multi-fetal pregnancy, and serum bile acid concentration prior to randomisation (< 40 
µmol/L, ≥ 40 µmol/L). Centre will be included as a random effect. Both unadjusted and 
adjusted effect estimates will be presented, but the primary inference will be based on the 
adjusted estimates. 
 
All binary outcomes will be analysed using a log binomial regression model. The results will 
be presented as adjusted risk ratios with confidence intervals. If any model does not 
converge, a Poisson regression model with robust variance estimation will be used (Zou, 
2004). Continuous outcomes will be analysed using linear regression models and results will 
be presented as adjusted differences in means with confidence intervals. Unadjusted 
median differences with confidence intervals will be presented for skewed continuous 
variables, and an adjusted analysis using quantile regression will be presented if possible. 
 
The analysis of perinatal outcomes will include all infants born to a randomised mother, so 
the denominator will be the number of infants. Correlations between twins will be 
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accounted for in the adjusted model by nesting twin cluster as a random effect within 
centre. Multiplicity will also be adjusted for as a fixed effect in the models since it is also a 
minimisation criterion. 
  
The following secondary outcomes will be described only and no formal statistical analysis 
comparing groups will be conducted: 
 
Secondary maternal outcomes 

• Maximum dose of trial medication required 

• Need for additional therapy for cholestasis 

• Assessment of myometrial contractions by CTG approximately one week (3–14 days) 

post randomisation 

• Reason for induction or pre-labour caesarean section 

• Maternal death. 

 
Secondary perinatal outcomes 

• Known neonatal death up to 28 days 

• Number of nights in each category of care (intensive, high dependency, special, 

transitional and normal) 

• Need for supplementary oxygen prior to discharge 

• Number of days when supplemental oxygen is required 

• Need for ventilation support (CPAP/high flow/endotracheal ventilation) 

• Abnormal cerebral ultrasound scan 

• Confirmed sepsis (positive blood or cerebrospinal fluid cultures) 

• Necrotising Enterocolitis (Bell’s stage 2 and 3) 

• Seizures (confirmed by EEG or requiring anticonvulsant therapy) 

• Encephalopathy (treated with hypothermia) 

• Other indications and main diagnoses resulting in neonatal unit admission for at 

least 4 hours. 

 
Repeated measures 
 
Severity of itch, bile acid and alanine transaminase serum concentrations are measured at 
baseline prior to randomisation and then repeatedly over time at antenatal visits post-
randomisation. For these outcomes, the null hypothesis is that there is no difference in 
change between the allocation groups. These visits do not take place at fixed time points 
and hence participants will have a varying number of observations captured, so the data will 
be unbalanced. The data will be inspected for normality and heteroscedasticity and the 
most appropriate analysis will be selected depending upon the number of antenatal visits 
per woman and the distribution of the outcomes. In addition, the measures will be plotted 
over gestational age, and time since randomisation. 
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One option is to use a repeated measures ANCOVA to take account of the within-subject 
correlation between measures at the post-randomisation antenatal visits. Baseline 
measures at randomisation and minimisation factors will be adjusted for. The repeated 
measures p-value will be reported. 
 
Alternatively if the data do not meet the assumptions of the ANCOVA model, geometric 
means of the post-randomisation observations will be reported (Matthews et al., 1990). The 
trial arms will be compared using a geometric mean ratio, adjusted for the baseline 
measures and minimisation factors.   
 
 
Secondary analyses 

No secondary analyses have been planned. 
 
Pre-specified subgroup analyses 

Pre-specified subgroup analyses will be performed for the primary outcome and its 
components, the bile acid and itch outcomes, using the statistical test of interaction. Binary 
outcomes will be presented as risk ratios with confidence intervals on a forest plot. 
 
Pre-specified subgroups will be based on the criteria used for minimisation: 

• Serum bile acid concentrations at baseline (10–< 40 μmol/L/ ≥ 40 μmol/L) 

• Gestational age (participants recruited at < 34 weeks, 34 to < 37 weeks, ≥ 37 weeks’ 

gestation) 

• Singletons and twins. 

 
Sensitivity analyses 

Sensitivity analyses will be conducted for the primary outcome, itch and bile acid between 
randomisation and delivery, excluding mothers or infants of mothers who did not adhere to 
the intervention (< 90% consistently self-reported).  
 
Significance levels 

95% confidence intervals will be used for all primary and secondary outcome comparisons, 
including all subgroup analyses.  
 

Missing data 

Missing data will be described by presenting the number of individuals in the missing 
category. All complete data collected on data collection forms will be used, since only 
essential data items will be collected.  

 

Statistical software 

Analyses will be completed in Stata® version 13.1 or later. 
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Safety data analysis  

Serious Adverse Events (SAEs) 

SAEs will be summarised by trial arm, with numbers of each severity (mild, moderate or 
severe); causality (unrelated, possibly, probably, definitely related); and action taken (to be 
categorised when data is available).  
 
Events will also be listed, reporting allocation, severity, relatedness to study drug, outcome, 
and details.  
 
Suspected Unexpected Serious Adverse Reactions (SUSARs) 
The number of SUSARs will be reported by trial arm, with causality (unrelated, possibly, 
probably, definitely related).  
 
Adverse Events (AEs) 
AEs will be summarised by trial arm, reporting numbers of each intensity (mild, moderate, 
or severe); relatedness to study drug; and outcome (persistent/ongoing, resolved, resolve 
with sequelae or death).  
 
Events will also be listed, reporting allocation, intensity, causality, action taken, and details.  
 
 

Additional exploratory analysis  

Any analyses not specified in the analysis protocol will be exploratory in nature and a 2-
sided significance level of 0.01 will be used with 99% confidence intervals. 

 

Deviation from analysis described in protocol  

 None yet. 
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Supplementary Table 1: Unit Costs for economic analysis  
 

Resource use item Cost per bed day (£) 

Antenatal admission 846 

Spontaneous Vaginal Delivery 1189 

Induced labour1 1137 

Pre-labour Caesarean 1418 

Pre-labour rupture of membranes and stimulation of labour2 823 

High Dependency unit maternal stay 1096 

Infant inpatient 427 

1 A premium of £112 was added to hospital lengths of stays <2 days following induced labour to 
reflect the higher tariff compared to spontaneous vaginal delivery; 2 Cost of delivery was added as 
this is not included in the reference costs for PROM and stimulation.
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Supplementary Table 2:  Number of participants enrolled by site 
 

Hospital Number of participants enrolled 

Birmingham Women's Hospital 15 

Bradford Royal Infirmary 26 

Burnley General Hospital 14 

Darlington Memorial Hospital 8 

Frimley Park Hospital 4 

Birmingham Heartlands Hospital 2 

Ipswich Hospital 30 

James Cook University Hospital 16 

James Paget University Hospital 13 

Leighton Hospital 12 

Norfolk and Norwich University Hospital 48 

Nottingham City Hospital 20 

Nottingham QMC 16 

Peterborough City Hospital 18 

Princess of Wales Hospital, Bridgend 11 

Queen Alexandra Hospital 11 

Queen Charlotte's and Chelsea Hospital 13 

Queen's Hospital, Burton 21 

Royal Blackburn Hospital 15 

Royal Preston Hospital 26 

Royal Stoke University Hospital 15 

Royal Sussex County Hospital 6 

Royal Victoria Infirmary 2 

Singleton Hospital 18 

St George's Hospital 22 

St Richard's Hospital 23 

St Thomas' Hospital 56 

Sunderland Royal Hospital 42 

University Hospital of North Durham 5 

Warrington Hospital 22 

West Middlesex University Hospital 33 

Worthing Hospital 11 

York Hospital 11 
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Supplementary Figure 1: Kaplan-Meier time from randomisation to delivery estimate 
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Supplementary Table 3: Additional descriptive secondary perinatal outcomes  
 

 UDCA 
(n = 322) 

Placebo 
(n = 318) 

Indication for assisted vaginal delivery1 (N) 21 35 

Maternal comorbidity/complication 0 (0·0) 1 (2·9) 

Failure to progress in second stage 9 (42·9) 20 (57·1) 

Suspected fetal distress 12 (57·1) 21 (60·0) 

Other  0 (0·0) 2 (5·7) 

Indication for in labour Caesarean delivery1 (N) 36 36 

Previous Caesarean delivery/ uterine surgery 0 (0·0) 3 (8·3) 

Failure to progress in first stage 12 (33·3) 14 (38·9) 

Failure to progress in second stage 6 (16·7) 2 (5·6) 

Suspected fetal distress 14 (38·9) 15 (41·7) 

Failed instrumental delivery 1 (2·8) 4 (11·1) 

Non-cephalic fetal position 2 (5·6) 2 (5·6) 

Twins 0 (0·0) 4 (11·1) 

Other  2 (5·6) 2 (5·6) 

Baby sex   

Male 162 (50·3) 174 (54·7) 

Female 160 (49·7) 144 (45·3) 

Neonatal unit admission   

Infants in intensive care 10 16 

Nights in intensive care 3·0 (2·0 to 3·0) 2·0 (1·0 to 2·5) 

Infants in high dependency care 20 17 

Nights in high dependency care 2·0 (1·0 to 5·5) 3·0 (1·0 to 5·0) 

Infants in special care  40 45 

Nights in special care 5·0 (3·0 to 12·5) 5·0 (2·0 to 16·0) 

Main diagnosis for first Neonatal Unit admission of at 
least 4 hours (N) 

45 54 

Congenital anomaly suspected/confirmed 1 (2·2) 0 (0·0) 

Continuing care 0 (0·0) 1 (1·9) 

Convulsions suspected/confirmed 1 (2·2) 0 (0·0) 

Hypoxic ischaemic encephalopathy suspected/ 
confirmed 

1 (2·2) 0 (0·0) 

Hypoglycaemia 3 (6·7) 5 (9·3) 

Infection suspected/confirmed 5 (11·1) 7 (13·0) 

Intrauterine growth restriction/ Small for Gestational 
Age 

0 (0·0) 1 (1·9) 

Jaundice 0 (0·0) 1 (1·9) 

Monitoring 0 (0·0) 5 (9·3) 

Neonatal Abstinence Syndrome suspected/confirmed 1 (2·2) 0 (0·0) 

Poor condition at birth 1 (2·2) 1 (1·9) 

Poor feeding or weight loss 1 (2·2) 1 (1·9) 

Prematurity 14 (31·1) 17 (31·5) 

Respiratory disease 16 (35·6) 15 (27·8) 

Surgery 1 (2·2) 0 (0·0) 

Neonatal morbidity in survivors to discharge    

Need for supplementary oxygen prior to discharge 16 (5·0) 20 (6·4) 
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Number of days when supplemental oxygen required 2·5 [1·5 to 4·5] 2·0 [1·0 to 2·5] 

Need for ventilation support1 15 (4·7) 18 (5·7) 

Endotracheal ventilation 5 (1·6) 6 (1·9) 

Continuous Positive Airway Pressure ventilation 9 (2·8) 12 (3·8) 

High-flow oxygen 7 (2·2) 9 (2·9) 

Cerebral ultrasound scan performed 12 (3·7) 11 (3·5) 

Abnormalities found 3 (0·9) 3 (1·0) 

Intraventricular haemorrhage – Grade 1 1 (0·3) 1 (0·3) 

Ventricular dilatation 2 (0·6) 0 (0·0) 

Confirmed sepsis (positive blood cultures) 1 (0·3) 2 (0·6) 

Necrotising Enterocolitis (Bell’s stage 2 or 3) 0 (0·0) 0 (0·0) 

Seizures confirmed by EEG or requiring anticonvulsant 
therapy 

0 (0·0) 0 (0·0) 

Encephalopathy  2 (0·6) 0 (0·0) 

Treated with hypothermia  1 (0·3) 0 (0·0) 

Data are median (IQR), or n (%), unless shown otherwise. UDCA: ursodeoxycholic acid. EEG: 
electroencephalogram 
1 Not mutually exclusive (may be more than one indication per participant). 
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Supplementary Figure 2: Changes in maternal itch score (panels A and B), bile acid concentrations 
(μmol/l) (panels C and D) and alanine transaminase (ALT) (U/L) (panels E and F) with 95% 
confidence intervals, between randomisation and delivery over gestational age, by allocation. The 
figures show actual mean trajectories (left hand panels) and estimated mean trajectories (right 
hand panels), adjusted for the baseline measures and minimisation factors. 

Panel A 

Panel F Panel E 

Panel D Panel C 

Panel B 
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Supplementary Table 4: Additional descriptive secondary maternal outcomes  
 

 UDCA 
(n = 304) 

Placebo 
(n = 300) 

Maternal serum concentrations    

Aspartate transaminase (N) 1 44 39 

Geometric mean (95% CI)2 (U/L) 44·1 (35·7 to 54·5) 64·3 (51·1 to 81·0) 

Bilirubin (N) 246 226 

Geometric mean (95% CI)2 (μmol/l) 7·0 (6·6 to 7·5) 8·6 (8·0 to 9·3) 

Gamma glutamyl transferase  (N) 1 96 100 

Geometric mean (95% CI)2 (U/L) 18·3 (16·0 to 21·0) 21·0 (18·8 to 23·4) 

Number of fetuses with completed estimated fetal 
weight post randomisation (N) 1 

176 150 

Estimated Fetal Weight on ultrasound > 90th centile 17 (9·7) 15 (10·0) 

Myometrial contractions on cardiotocography 
approximately one week (3-14 days) post randomisation 

165 (63·2) 153 (61·4) 

Average number of contractions in 10 minutes 0·0 (0·0 to 0·0) 0·0 (0·0 to 0·0) 

Delivered before first follow-up visit 33 43 

Maternal administration of steroids during pregnancy 60 (19·8) 55 (18·5) 

1 dose 2 (3·3) 5 (9·1) 

2 doses 57 (95·0) 48 (87·3) 

3 or more doses 1 (1·7) 2 (3·6) 

Method(s) of induction if induced3 (N) 215 200 

Prostaglandin 178 (82·8) 156 (78·0) 

Artificial rupture of membranes 111 (51·6) 95 (47·5) 

Syntocinon 74 (34·4) 60 (30·0) 

Other  8 (3·7) 9 (4·5) 

Maternal death 0 (0·0) 0 (0·0) 

Highest serum bile acid concentration at randomisation4   

< 100 μmol/L 299 (92·9) 301 (94·7) 

≥ 100 μmol/L 23 (7·1) 17 (5·3) 

Primary perinatal outcome4   

< 100 μmol/L 65/299 (21·7) 78/301 (25·9) 

≥ 100 μmol/L 9/23 (39·1) 7/17 (41·2) 

In utero fetal death after randomisation4   

< 100 μmol/L 0/299 (0·0) 2/301 (0·7) 

≥ 100 μmol/L 1/23 (4·3) 0/17 (0·0) 

Preterm delivery (less than 37 weeks’ gestation)4   

< 100 μmol/L 47/299 (15·7) 58/301 (19·3) 

≥ 100 μmol/L 7/23 (30·4) 7/17 (41·2) 

Neonatal unit admission for at least 4 hours4   

< 100 μmol/L 41/299 (13·7) 52/301 (17·3) 

≥ 100 μmol/L 4/23 (17·4) 2/17 (11·8) 

Data are n (%), unless shown otherwise.  
1 N shows the number of women with data prior to randomisation, and at least one measurement 
post-randomisation, included in the model 
2 between randomisation and delivery, adjusted for baseline measures 
3 Not mutually exclusive (may be more than one indication per participant). 
4 Post-hoc analyses. 
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Supplementary Table 5: Adverse Events  
 

 UDCA (n = 304) Placebo (n = 300) 

Serious adverse events (SAEs) 2 6 

Causality: Unrelated 2 6 

Severity   

Mild 1 1 

Moderate 1 4 

Severe 0 1 

Action taken   

None  2 4 

Discontinued temporarily 0 1 

Discontinued  0 1 

Outcome    

Resolved 2 1 

Not resolved 0 2 

Fatal 0 1 

Unknown 0 2 

System Organ Class   

Congenital, familial and genetic disorders 0 1 

Hepatobiliary disorders 0 1 

Infections and infestations 1 1 

Metabolism and nutrition disorders 0 1 

Pregnancy, puerperium and perinatal conditions 1 1 

Reproductive system and breast disorders 0 1 

Adverse events (AEs) 31 42 

Number of women with at least one adverse event 22 34 

Intensity   

Mild 28 33 

Moderate 3 7 

Severe 0 1 

Related to study drug   

Not related 15 31 

Possibly 8 9 

Probably 1 0 

Missing 7 1 

Outcome   

Resolved 31 38 

Resolved with sequelae 0 1 

Missing 0 2 

System Organ Class   

Blood and lymphatic system disorders 4 4 

Cardiac disorders 2 0 

Endocrine disorders 1 0 

Gastrointestinal disorders 10 10 

Infections and infestations 2 3 

Musculoskeletal and connective tissue disorders 2 1 

Nervous system disorders 2 1 
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Supplementary Table 6: Sensitivity analysis excluding women whose adherence to the 
intervention was less than 90% of trial medication taken, consistently reported. Maternal 
denominators are for women with baseline and post-randomisation data collected.  
 

     

 
UDCA 

 
Placebo  

 
Adjusted effect 

estimate (95% CI) 
p-

value 

Number of infants included 217 190   

Primary outcome: perinatal death, 
preterm delivery or neonatal unit 
admission  

49 (22·6) 44 (23·2) Risk ratio  
0·91 (0·63 to 1·32) 

0·627 

     

Number of women  188 166   

Itch score between randomisation 
and delivery (mm) (Mean (SD)) 

49·7 (12·9) 56·8 (12·9) Mean difference 
-5·7 (-10·4 to -1·1) 

0·016 

     

Number of women  192 173   

Bile acid (μmol/l) concentration 
between randomisation and 
delivery (Geometric mean (95% CI)) 

22·2  
(21·0 to 23·4) 

18·2  
(17·3 to 19·2) 

Geometric Mean Ratio  
1·21 (1·03 to 1·43) 

0·022 

Data are median (IQR), or n (%), unless shown otherwise. UDCA: ursodeoxycholic acid. 
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Supplementary Table 7: Subgroup analyses for maternal outcomes 
 

Bile acid between randomisation 
and delivery 

UDCA 
 

Placebo  
 

Adjusted effect estimate 
(95% CI) 

p-
value 

Serum bile acid concentration at 
randomisation   

 
0·455 

< 40 μmol/L 196 191   

 
18·6  

(18·2 to 19·1) 
15·7  

(15·4 to 16·1) 
GMR  

1·21 (1·03 to 1·43) 
 

≥ 40 μmol/L 60 56   

 
40·9  

(38·1 to 43·8) 
32·3  

(29·8 to 35·0) 
GMR 

1·06 (0·78 to 1·44) 
 

Gestational age at randomisation     

< 34 weeks 127 123  0·373 

 
23·2  

(21·6 to 25·0) 
18·4  

(17·2 to 19·7) 
GMR 

1·25 (1·02 to 1·53) 
 

34 weeks and over 129 124   

 
21·7  

(20·3 to 23·1) 
18·6  

(17·5 to 19·8) 
GMR 

1·09 (0·88 to 1·36) 
 

Bile acid between randomisation 
and delivery   

 0·565 

Singleton 239 233   

 
22·3  

(21·2 to 23·5) 
18·4  

(17·6 to 19·3) 
GMR 

1·16 (1·00 to 1·35) 
 

Twins 17 14   

 
23·6  

(19·1 to 29·2) 
20·8  

(16·1 to 26·7) 
GMR 

1·40 (0·75 to 2·61) 
 

Itch between randomisation and 
delivery   

 
0·637 

Serum bile acid concentration at 
randomisation   

 
 

< 40 μmol/L 187 178   

 48·8 {13·1} 55·5 {13·5} MD -5·18 (-9·70 to -0·65)  

≥ 40 μmol/L 54 49   

 52·1 {12·0} 62·3 {10·9} MD -7·50 (-16·04 to 1·03)  

Gestational age at randomisation    0·377 

< 34 weeks 117 115   

 48·8 {12·6} 55·9 {13·5} MD -3·94 (-9·45 to 1·57)  

34 weeks and over 124 112   

 50·2 {13·2} 58·0 {13·1} MD -7·55 (-13·37 to -1·74)  

Multiplicity    0·469 

Singleton 224 215   

 49·3 {13·0} 57·0 {13·2} MD -6·04 (-10·16 to -1·93)  

Twins 17 12   

 52·8 {11·2} 56·4 {14·7} MD 0·44 (-16·63 to 17·52)  

Data are median (IQR), or n (%), unless shown otherwise. Data for gestational age at randomisation 

have been collapsed into two categories. GMR: Geometric Mean Ratio· MD: Mean Difference.
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Supplementary Figure 3: Forest plot showing post-hoc subgroup analysis for spontaneous and 
iatrogenic preterm birth 
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Supplementary Table 8: Economic analysis of ursodeoxycholic acid treatment in women with ICP, 
with costs (expressed per woman)  

 UDCA Placebo Unadjusted (95% CI) Adjusted bootstrapped 
(95% CI) 

Cost component n=304 n=299   

Antenatal inpatient 854 (76) 939 (95)   

Labour and delivery 3,082 (132) 3,268 (139)   

Maternal HDU 47 (18) 70 (23)   

Total maternal 3,983 (173) 4,276 (182)   

     

Infant inpatient 1,378 (148) 1,610 (202)   

     

Total: Maternal and 
Infant 

5,361 (284) 5,892 (333)   

     

Total cost analysis 
(including cost of 
treatment) 

    

Total (Maternal, 
Infant and UDCA) 

5,420 (284) 5,892 (353) -472 
(-1,330 to 386) 

-429 
(-1,235 to 377) 

   Unadjusted p-value: 
p=0·281 

Adjusted p-value: 
p=0·297 

Costs are expressed in pounds and data given as mean (standard error). HDU: High Dependency 

Unit. Average cost of drug only in intervention group only: £58·91 (95% CI £53·57 to £64·25). 

Analysis adjusted for gestational age at randomisation, bile acid concentration, multi-fetal 

pregnancy, and centre as a random effect. 

 

 

 


