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Background: Most children with steroid-sensitive nephrotic syndrome have relapses that are triggered
by upper respiratory tract infections. Four small trials, mostly in children already taking maintenance
corticosteroid in countries of different upper respiratory tract infection epidemiology, showed that
giving daily low-dose prednisone/prednisolone for 5–7 days during an upper respiratory tract infection
reduces the risk of relapse.
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Objectives: To determine if these findings were replicated in a large UK population of children with
relapsing steroid-sensitive nephrotic syndrome on different background medication or none.

Design: A randomised double-blind placebo-controlled trial, including a cost-effectiveness analysis.

Setting: A total of 122 UK paediatric departments, of which 91 recruited patients.

Participants: A total of 365 children with relapsing steroid-sensitive nephrotic syndrome (mean age
7.6 ± 3.5 years) were randomised (1 : 1) according to a minimisation algorithm based on background
treatment. Eighty children completed 12 months of follow-up without an upper respiratory tract
infection. Thirty-two children were withdrawn from the trial (14 prior to an upper respiratory
tract infection), leaving a modified intention-to-treat analysis population of 271 children (134 and
137 children in the prednisolone and placebo arms, respectively).

Interventions: At the start of an upper respiratory tract infection, children received 6 days of
prednisolone (15 mg/m2) or an equivalent dose of placebo.

Main outcome measures: The primary outcome was the incidence of first upper respiratory tract
infection-related relapse following any upper respiratory tract infection over 12 months. The secondary
outcomes were the overall rate of relapse, changes in background treatment, cumulative dose of
prednisolone, rates of serious adverse events, incidence of corticosteroid adverse effects, change
in Achenbach Child Behaviour Checklist score and quality of life. Analysis was by intention-to-treat
principle. The cost-effectiveness analysis used trial data and a decision-analytic model to estimate
quality-adjusted life-years and costs at 1 year, which were then extrapolated over 16 years.

Results: There were 384 upper respiratory tract infections and 82 upper respiratory tract infection-
related relapses in the prednisolone arm, and 407 upper respiratory tract infections and 82 upper
respiratory tract infection-related relapses in the placebo arm. The number of patients experiencing an
upper respiratory tract infection-related relapse was 56 (42.7%) and 58 (44.3%) in the prednisolone
and placebo arms, respectively (adjusted risk difference –0.024, 95% confidence interval –0.14 to
0.09; p = 0.70). There was no evidence that the treatment effect differed when data were analysed
according to background treatment. There were no significant differences in secondary outcomes
between treatment arms. Giving daily prednisolone at the time of an upper respiratory tract infection
was associated with increased quality-adjusted life-years (0.9427 vs. 0.9424) and decreased average
costs (£252 vs. £254), when compared with standard care. The cost saving was driven by background
therapy and hospitalisations after relapse. The finding was robust to sensitivity analysis.

Limitations: A larger number of children than expected did not have an upper respiratory tract
infection and the sample size attrition rate was adjusted accordingly during the trial.

Conclusions: The clinical analysis indicated that giving 6 days of daily low-dose prednisolone at the
time of an upper respiratory tract infection does not reduce the risk of relapse of steroid-sensitive
nephrotic syndrome in UK children. However, there was an economic benefit from costs associated
with background therapy and relapse, and the health-related quality-of-life impact of having a relapse.

Future work: Further work is needed to investigate the clinical and health economic impact of
relapses, interethnic differences in treatment response, the effect of different corticosteroid regimens
in treating relapses, and the pathogenesis of individual viral infections and their effect on steroid-
sensitive nephrotic syndrome.

Trial registration: Current Controlled Trials ISRCTN10900733 and EudraCT 2012-003476-39.

Funding: This project was funded by the National Institute for Health Research (NIHR) Health
Technology Assessment programme and will be published in full in Health Technology Assessment;
Vol. 26, No. 3. See the NIHR Journals Library website for further project information.
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Plain English summary

Steroid-sensitive nephrotic syndrome is a kidney condition in which protein leaks into the urine,
causing generalised swelling. In most children, the condition recurs or relapses. Relapses often

occur following an upper respiratory tract infection (i.e. a cough, cold or sore throat).

Research in tropical countries suggests that if children have a small dose of daily steroids for a week at
the time of an upper respiratory tract infection then they are less likely to relapse. The selection of
children for these studies and the different patterns of infection mean that we are not certain if this
treatment would work in the UK.

A total of 365 children with relapsing nephrotic syndrome took part. Half of the children took a steroid
and the other half took dummy tablets (placebo) for 6 days at the start of an upper respiratory tract
infection. We followed up the children for 12 months and collected information on relapses and other
treatments and information from questionnaires about behaviour and quality of life.We also investigated
whether or not there were cost savings with this treatment.

There were 271 children who had an upper respiratory tract infection in the 12 months of the study
and so only these children were included in the analyses. Giving 6 days of a low-dose steroid at the
time of an upper respiratory tract infection did not reduce the risk of a relapse. There was also no
effect on the overall number of relapses, the number of children needing to start extra preventative
treatments or side effects of steroids. Although there was no clinical effect, the economic evaluation
found that giving prednisolone led to lower treatment costs overall and higher quality of life and might,
therefore, offer better value for money, but this has to be interpreted against the clinical evidence of
no significant effect.

Our conclusion is that there is no clinical benefit to giving children low-dose prednisolone at the time
of an upper respiratory tract infection.
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Scientific summary

Background

Idiopathic nephrotic syndrome is the most common glomerular disease of childhood, with an incidence
of 2 per 100,000 children in the UK. However, it is up to six times more common in children of South
Asian ethnic origin. Most children respond to treatment with high-dose prednisolone and the disease is
then known as steroid-sensitive nephrotic syndrome (SSNS). At least 80% of children with SSNS will
relapse, and these relapses are associated with a risk of significant complications, including sepsis,
thrombosis, dyslipidaemia and malnutrition. The treatment of relapses with high-dose prednisolone is
associated with major short- and long-term adverse effects. Around half of children with SSNS will
commence non-corticosteroid treatment with drugs such as levamisole, cyclophosphamide, ciclosporin,
tacrolimus, mycophenolate mofetil or rituximab to prevent relapses.

Previous studies have shown that at least 50% of relapses follow from upper respiratory tract infections
(URTIs). Furthermore, in children with relapsing SSNS, half or more URTIs will trigger a relapse. Four trials
have shown that low-dose daily prednisolone given for 5–7 days when an URTI is diagnosed reduces
the risk of ensuing relapses. These studies were, however, relatively small (with 36–100 participants),
not all were blinded and all but one study included only those children already taking maintenance
alternate-day prednisolone. One trial comprised children with a history of frequently relapsing steroid-
sensitive nephrotic syndrome (FRSSNS), but who were taking no maintenance treatment at the time of
recruitment. Two studies were a crossover design, raising questions about the independence of response
after the treatment arm was changed. Some trials excluded participants when they showed evidence
of non-adherence. Others excluded patients if their background therapy changed. The 2020 update of
the Cochrane systematic review demonstrated risks of bias for all of these studies (Hahn D, Samuel SM,
Willis NS, Craig JC, Hodson EM. Corticosteroid therapy for nephrotic syndrome in children. Cochrane
Database Syst Rev 2020;8:CD001533).

All of these studies were carried out in South Asia or the Middle East, and often incorporated a broader
range of intercurrent infection that included lower respiratory tract infection and gastroenteritis.
The epidemiology of infections is different in Europe, where the most common intercurrent infections
are URTIs.

To determine if children living in temperate climates who are on a range of maintenance treatments
for relapsing SSNS would benefit from taking daily low-dose prednisolone at the time of an URTI,
a large, placebo-controlled, double-blinded, randomised controlled trial was needed.

Objectives

The primary objective was to determine whether or not a 6-day course of low-dose daily prednisolone
reduced the incidence of upper respiratory tract infection-related relapse (URR) in a population of
children with relapsing nephrotic syndrome on different background medication.

The secondary objectives were to compare the overall rate of relapses, the incidence of escalations or
reductions in background therapy and the cumulative dose of prednisolone over 12 months; and assess
corticosteroid adverse effects, including behaviour and quality of life, and treatment costs.
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Methods

A Phase III randomised parallel-arm placebo-controlled double-blind trial, including a cost-effectiveness
analysis, was undertaken in 122 UK paediatric departments. Children aged 1–18 years were eligible if they had
relapsing SSNS (defined as having experienced two or more relapses in the preceding 12 months). Exclusions
included children with steroid-resistant nephrotic syndrome; children receiving, or within 3 months of having
completed, a course of oral or intravenous cyclophosphamide or rituximab; and children on daily prednisolone
therapy at the time of recruitment or an alternate-day dose of > 15 mg/m2 at the time of recruitment.

Participants were randomised in a 1 : 1 ratio and minimised by background therapy (i.e. no background
treatment, maintenance prednisolone only, maintenance prednisolone and non-corticosteroid
immunosuppression, and non-corticosteroid immunosuppression only) to receive either low-dose daily
prednisolone or placebo for 6 days at the time of an URTI. For children not taking background prednisolone,
the intervention arm received a dose of 15mg/m2.Those already taking maintenance prednisolone made up
their usual dose to 15mg/m2 daily or to their alternate-day dose, whichever was the higher. Placebo tablets
were used to maintain blinding.

An URTI was defined as presence of at least two of the following for at least 24 hours: sore throat, ear
pain/discharge, runny nose, cough, hoarse voice or fever > 37 °C (measured using a tympanometric
electronic thermometer).

The primary outcome was the incidence of the first URR following any URTI during the 12-month
follow-up period. Secondary outcomes were the overall rate of URRs, overall rate of relapses (URTI
and non-URTI related), escalations or reductions in background treatment, cumulative dose of
prednisolone over 12 months, rates of serious adverse events (SAEs), incidence of corticosteroid
adverse effects, change in behaviour measured with the Achenbach Child Behaviour Checklist (ACBC),
quality of life and a health cost analysis. The analysis was by intention-to-treat (ITT) principle.

Children were seen every 3 months for 12 months and, at each trial visit, information was collected on
relapses, medication and corticosteroid adverse effects. Behavioural effects of corticosteroids were assessed
objectively using the ACBC questionnaire and quality of life was assessed using the Pediatric Quality of Life
Inventory (PedsQL), Child Health Utility 9D (CHU-9D) and EuroQol-5 Dimensions (EQ-5D) questionnaires.

In children with FRSSNS, the development of an URTI results in relapse in around 50% of instances.
To detect an absolute difference of 17.5% (i.e. 35% proportional reduction) in URR rate (i.e. from 50%
to 32.5%), with 80% power and an alpha of 0.05, required 250 children in total. To allow for attrition,
the original sample size was inflated by between 10% and 20%, meaning that between 280 and
320 children were required. Therefore, we planned to recruit 300 children, 150 to each arm. During
the trial, it became apparent that a larger number of participants (28%) were completing the 12-month
trial without experiencing an URTI. The Trial Steering Committee recommended increasing the sample
size to 360 patients, based on a revised attrition rate of 30%, which would provide the 250 patients
needed to detect the difference as per the original sample size calculation.

Analyses were based on a modified ITT population, which included only those participants who had an
URTI over the 12-month follow-up period. Binomial and linear regression models, with the minimisation
variable (i.e. background therapy at randomisation) and baseline scores (where available) included
in the model as covariates, were used to obtain estimates of treatment effects, along with two-sided
95% confidence intervals (CIs). p-values are reported from two-sided tests at the 5% significance level.
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A decision-analytic model was developed to undertake a cost–utility analysis alongside the PREDNOS2
(PREDnisolone in NephrOtic Syndrome 2) trial. The model structure was informed by clinical input and the
pathways followed by participants within the trial. All model parameters were based on the trial data.

The economic evaluation was conducted using an outcome of cost per quality-adjusted life-years
(QALYs), measured using the CHU-9D and/or the EQ-5D, depending on the age of the participant. For
participants aged < 5 years, a published mapping algorithm was applied to predict utility values from
the PedsQL instrument. Two analyses were conducted, reflecting a 1-year and 16-year time horizon.

Results were reported using incremental cost-effectiveness ratios and a probabilistic sensitivity analysis
(PSA) was conducted to reflect the uncertainty in the results and to generate cost-effectiveness
acceptability curves.

Results

Between February 2013 and January 2019, 365 children with relapsing SSNS were recruited from
91 paediatric centres. Their mean age at recruitment was 7.6 (standard deviation 3.5) years and
63.8% were white. Eighty children completed 12 months of follow-up without experiencing an URTI.
Thirty-two children were withdrawn (8.8%), of whom 14 were withdrawn before having an URTI. This
left a modified ITT population of 271 children (134 children in the prednisolone arm and 137 children
in the placebo arm), which was the analysis population. Treatment was commenced at the time of an
URTI for 85.4% of URTIs in the prednisolone arm and 89.2% of URTIs in the placebo arm.

There were 384 URTIs and 82 URRs in the prednisolone arm, and 407 URTIs and 82 URRs in the
placebo arm. The number of children who experienced an URR was 56 (42.7%) in the prednisolone arm
and 58 (44.3%) in the placebo arm (adjusted risk difference –0.024, 95% CI –0.14 to 0.09; p = 0.70).
There was no evidence that the treatment effect differed when the data were analysed by predefined
subgroups according to background treatment, but there was a small difference in response when the
data were analysed post hoc by ethnicity [South Asian ethnicity risk ratio 0.66 (95% CI 0.40 to 1.10)
vs. other ethnicity risk ratio 1.11 (95% CI 0.81 to 1.54)]. However, the numbers are small and this was
not a planned subgroup analysis.

There were no significant differences in secondary outcomes between treatment arms. There were
216 (URTI and non-URTI related) relapses in 91 children in the prednisolone arm and 237 relapses in
98 children in the placebo arm (adjusted risk difference –0.053, 95% CI –0.16 to 0.06; p= 0.33). Background
treatment was escalated on at least one occasion in 58 (44.6%) children in the prednisolone arm, compared
with 57 (44.5%) children in the placebo arm (p= 0.96). Fifty-five (43%) children in the prednisolone arm had
at least one treatment reduction during the trial, compared with 62 (48.1%) children in the placebo arm
(p = 0.42).The median cumulative dose of prednisolone over 12 months was 2060mg [interquartile range
(IQR) 1127.5–3355 mg] in the prednisolone arm and 1880 mg (IQR 1115–3295 mg) in the placebo arm
(p = 0.72). There were no significant differences between trial arms in the number of SAEs or specific
corticosteroid adverse effects. There were no differences in behaviour scores when measured with the
ACBC or in quality of life when measured with the PedsQL.

At 1 year, giving daily prednisolone at the time of an URTI led to a reduction in overall health care
costs (£252 vs. £254) and an improvement in QALYs (0.9427 vs. 0.9424), compared with standard
care, and was, therefore, the ‘dominant’ treatment option. This result was robust to the deterministic
sensitivity analysis. The PSA showed that at a willingness-to-pay threshold of £20,000 per QALY, there
was an 80% and 90% probability of daily prednisolone being cost-effective over a 1- and 16-year time
horizon, respectively.
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Conclusions

In a large and methodologically robust trial, PREDNOS2 has shown that giving 6 days of daily low-dose
prednisolone at the time of an URTI does not reduce the risk of relapse of nephrotic syndrome in UK
children. However, the economic analysis showed that giving low-dose prednisolone at the time of an
URTI leads to less overall health-care cost and is more effective (in QALYs) than standard care, both in
the short and longer term.

Further work is needed to investigate interethnic differences in treatment response, the pathogenesis
of individual viral infections and their effect on nephrotic syndrome, and the effect of different
corticosteroid regimens in treating relapses along with the role of the adrenal axis.

Trial registration

This trial is registered as ISRCTN10900733 and EudraCT 2012-003476-39.

Funding

This project was funded by the National Institute for Health Research (NIHR) Health Technology
Assessment programme and will be published in full in Health Technology Assessment; Vol. 26, No. 3.
See the NIHR Journals Library website for further project information.
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Chapter 1 Introduction

Material throughout the report has been adapted from the trial protocol by Webb et al.1

This article is published under license to BioMed Central Ltd. This is an Open Access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/
licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium provided
the original work is properly credited. The Creative Commons Public Domain Dedication waiver
(https://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article,
unless otherwise stated.

Trial rationale/introduction

Minimal change nephrotic syndrome is the most common glomerular disease of childhood.2 The
presenting episode is treated with high-dose oral prednisolone and it is expected that > 90% of children
will have a complete response, with responders receiving the diagnostic label of steroid-sensitive
nephrotic syndrome (SSNS).2 The optimum duration of prednisone/prednisolone therapy at presentation
was recommended by the International Study of Kidney Disease in Children as 60 mg/m2 daily for
4 weeks, followed by 40 mg/m2 on alternate days for 4 weeks.3 Subsequent trials showed benefits
with longer durations of corticosteroid;4 however, in the last decade, four well-designed randomised
controlled trials have demonstrated no clinical benefit to an extended course of prednisolone beyond
the accepted 8- to 12-week course.5–8 The most recent of these was the PREDNOS (PREDnisolone
in NephrOtic Syndrome) trial, which was undertaken by this trial group. Although the PREDNOS
trial demonstrated no clinical benefit to an extended corticosteroid course, it did show evidence of
cost-effectiveness.9

Following successful initial treatment, at least 80% of children develop disease relapses necessitating
further courses of high-dose prednisolone. The PREDNOS trial found that 80% of children relapse within
12 months of initial presentation8 and around 50% develop frequently relapsing disease.10 Long-term
low-dose maintenance prednisolone therapy is the most commonly prescribed therapy to reduce relapse
frequency, although a number of children will require additional immunosuppressive agents, including
levamisole, cyclophosphamide, ciclosporin, tacrolimus, mycophenolate mofetil (MMF) and rituximab.

Nephrotic syndrome relapses are associated with a risk of significant complications, including sepsis,
thrombosis, dyslipidaemia and malnutrition.11 The treatment of relapses with high-dose prednisolone
is associated with major short-12 and long-term13 adverse effects, including hip avascular necrosis,
hypertension, diabetes and behavioural problems. This places financial pressure on the health-care
system and leads to reduced quality of life. Furthermore, children are kept off school during relapses,
resulting in impaired education performance and parental absence from work.

It is well recognised that the majority of relapses are precipitated by viral upper respiratory tract
infection (URTI). Alwadhi et al.14 followed 68 Indian children with 76 initial presentations or relapses
of nephrotic syndrome over 12 months. Of 68 episodes of nephrosis that occurred while not taking
corticosteroid, there was an infectious trigger in 57 (84%). The range of infections included URTI
(28%), lower respiratory tract infection (a further 19%) and other causes, including urinary tract
infection (23%), peritonitis (16%) and diarrhoeal illness (11%). Arun et al.15 carried out a study designed
to evaluate the effectiveness of supplemental zinc in reducing relapse rate in Indian children with
nephrotic syndrome. They reported subgroup data for children with frequently relapsing disease.
Within that subgroup, 52 out of 86 relapses (60%) were preceded by infections. MacDonald et al.16

followed 32 Canadian children with nephrotic syndrome over two successive winters. There were
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61 URTIs over that period and 41 exacerbations (29 full relapses) of nephrotic syndrome. Seventy-one
per cent of exacerbations (69% of full relapses) were associated with URTIs within the prior 10 days.

Furthermore, in children with frequently relapsing steroid-sensitive nephrotic syndrome (FRSSNS),
the development of an URTI frequently precipitates a relapse. Moorani et al.17 documented infections
in 62 Pakistani children with nephrotic syndrome over 12 months. A total of 74 infections were
observed. Acute respiratory infections were the most common infection (29%). Nephrotic syndrome
relapse or initial presentation occurred with 78% of infections or with 80% of acute respiratory
infections. In their Canadian cohort, MacDonald et al.16 demonstrated 47.5% of URTIs associated with
disease exacerbation or 32.8% associated with overt relapse.

Given these strong links between viral URTI and relapse, and the morbidity and cost associated
with relapse and its treatment, it is logical that attempts are made to ameliorate the URTI-driven
disease modification.

Summary of previous studies investigating the use of daily prednisolone
therapy at the time of upper respiratory tract infection

Current practice in the majority of UK centres has been for no change to be made to immunosuppressive
therapy at the time of development of an URTI. Between 2000 and 2011, three studies18–20 assessed
whether or not the use of daily prednisolone at the time of URTI reduced the subsequent risk of relapse
of nephrotic syndrome.

Mattoo and Mahmoud18 published the first of these trials in 2000. Mattoo and Mahmoud18 studied
36 Saudi children with relapsing SSNS who were receiving a long-term maintenance dose of alternate-day
prednisone of approximately 0.5 mg/kg per day. Starting on the day of onset of URTI (defined by onset of
cough and/or cold with or without fever), children were alternately assigned in an unblinded manner to
receive either 5 days of daily prednisone at the same dose or to remain on alternate-day prednisone.
Patients who did not relapse and patients who did not achieve remission with cyclophosphamide were
excluded. The number of disease relapses [defined as Albustix (Siemens Healthcare Diagnostics Ltd,
Frimley, UK) 3+ positivity on morning urinalysis for 3 days] was documented in each group. Patients
were followed for 2 years and the main reported outcome was the mean number of relapses per patient
over that period for each arm.

The arms were well matched for age, sex, use of prior cyclophosphamide and histology (where
performed). In the 18 children assigned to daily prednisone at the time of URTI, the rate of relapse was
lower than in the 18 children who continued on alternate-day prednisone [mean ± standard deviation
(SD) relapse rate 2.2 ± 0.87 vs. 5.5 ± 1.33; p = 0.04]. No data on the individual risk of relapse following
URTI were reported. The intervention arm received a median of seven courses of daily prednisone over
the 2-year follow-up period. No difference was noted in the frequency of hospitalisations or the length
of treatment for relapses between the two treatment arms.

Abeyagunawardena and Trompeter19 recruited 48 Sri Lankan children to a randomised double-blind
crossover study. All were receiving long-term low-dose alternate-day prednisolone (mean 0.36 mg/kg,
range 0.1–0.6 mg/kg). Children were studied over two consecutive URTIs (defined as cough, runny nose,
sore throat, lethargy, body aches and fever). Throat swabs were taken and children with bacterial infection
were excluded. Children were randomised, using sealed envelopes, either to receive prednisolone at their
usual maintenance dose for 7 days given daily instead of on alternate days or to continue on alternate-day
prednisolone. This was achieved by dispensing investigational medicinal product (IMP) in one of two
containers, one of which contained prednisolone and the other placebo. Parents were asked to administer
the study drug on the child’s usual non-treatment day and to continue so that a total of 7 days of daily
treatment were given. In this way, children received three or four doses of study drug.
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In the crossover design, those who received daily prednisolone for the first URTI received alternate-
day prednisolone plus placebo for the second URTI, and vice versa. Recruitment continued until
40 children had experienced two URTIs. Children were reviewed on days 3 and 7 to assess for evidence
of disease relapse (defined as Albustix 3+ proteinuria for 3 consecutive days). Those who developed
prednisolone-related adverse events (AEs), those who required steroid-sparing therapy for frequent
relapses, those in whom prednisolone was discontinued because of sustained remission and those
who did not have two viral infections were all excluded from the study (8/48 of the recruited number).
The main reported outcome was the difference in infection-associated relapse (IAR).

Overall, there were seven (18%) IARs following 40 URTIs treated with daily prednisolone and 19 (48%)
IARs following 40 URTIs where alternate-day prednisolone and placebo were administered (p = 0.014;
two-sided Fisher’s exact test). Response to the initial URTI was a relapse in 4 of 18 (22%) children
in the intervention arm and 10 of 22 (45%) children in the placebo arm (no significance reported).
No significant adverse effects were encountered.

The third and largest of these three initial studies was performed in 100 Indian children recently
diagnosed with FRSSNS who were on long-term alternate-day prednisolone with or without levamisole.20

Children were recruited in stable remission, having received alternate-day 1.5 mg/kg of prednisolone for
4 weeks and then tapered by 0.25 mg/kg every 2 weeks until a dose of 0.5–0.75 mg/kg on alternate days
was reached. If a dose of prednisolone > 1 mg/kg on alternate days was required, then levamisole was
added. Children were randomised, stratified according to whether they received levamisole (n = 32) or
not (n = 68), to either receive daily prednisolone for 7 days or remain on alternate-day prednisolone.
Prednisolone was given at the same dose for non-treatment-days in an unblinded manner at the time of
development of intercurrent infection [defined as fever (i.e. axillary-measured temperature of > 38 °C
on two occasions and more than 1 hour apart), rhinorrhoea or cough for more than 1 day or diarrhoea
(i.e. three or more semiformed stools per day for more than 2 days)]. Children were reviewed every
2 months for a total of 12 months.

The primary end point was the incidence of IAR, with secondary end points of overall relapse rate,
infection frequency and type and cumulative dose of prednisolone. Patients exited the study if there
were two or more relapses in any 6-month period. Daily prednisolone therapy at the time of an
URTI resulted in a reduction in the incidence of IAR [0.7 ± 0.3 vs. 1.4 ± 0.5; rate difference 0.7,
95% confidence interval (CI) 0.3 to 1.1; p < 0.01] and the overall relapse rate (0.9 ± 0.4 vs. 1.8 ± 0.5;
rate difference 0.9, 95% CI 0.4 to 1.4; p < 0.0001). Although not powered to do so, a subanalysis
showed that this difference was lost in those receiving levamisole. Nineteen children in the daily
prednisolone group, compared with seven in the alternate-day group, remained relapse free over
the entire 12-month study period (p = 0.03). There was no difference in cumulative prednisolone
dose between the two treatment arms. More infections occurred in the daily prednisolone group
(226 vs. 161; p = 0.04), although no difference was detected in height SD score, cushingoid features,
cataract or serious infection. Six children (two in the daily steroid group) exited the study because
of treatment failure, necessitating treatment with cyclophosphamide or calcineurin inhibitors.

Critique of previous studies investigating the use of daily prednisolone therapy
at the time of upper respiratory tract infection and summary of findings

Methodological aspects

Sample size
All of the studies that predate PREDnisolone in NephrOtic Syndrome 2 (PREDNOS2) were small
(involving 36–100 children).18–20 Mattoo and Mahmoud18 did not include a formal sample size calculation.
Abeyagunawardena and Trompeter’s19 sample size was based on an observation that nearly 50% of
URTIs are followed by a relapse and an assumption that the increase in the maintenance dose of
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prednisolone would reduce the relapse rate by 50%; however, no details of the power calculation
were reported. Only Gulati et al.,20 the largest study, included details of their power calculation, which
was based on a relapse rate of 4.6 ± 1.4 relapses per year in patients with frequent relapses (a figure
that had been reported in a similar population).15 Gulati et al.20 assumed that 70% of relapses follow
infections and calculated their sample size on a 50% reduction in frequency of IARs at a power of 80%,
an alpha error of 5% and a dropout rate of 10%.

Target population
All three studies18–20 included children with relapsing SSNS receiving long-term alternate-day
maintenance corticosteroid treatment. In addition, in Gulati et al.’s20 study, some children were on
alternate-day maintenance treatment with both prednisolone and levamisole. Mattoo and Mahmoud’s18

population was a heterogeneous group that included those with relapsing disease (not formally defined
as FRSSNS) or those who had previously received cyclophosphamide for steroid-resistant or frequently
relapsing disease and who then, according to local protocol, continued maintenance alternate-day
corticosteroid for 2 years. Abeyagunawardena and Trompeter’s19 population had steroid-dependent
nephrotic syndrome, implicitly defined because all were taking maintenance corticosteroid. Gulati et al.’s20

subjects had carefully defined FRSSNS (i.e. more than two relapses in the previous 6 months or more than
three relapses in the previous 12 months).

Some studies excluded patients prior to randomisation, which limits the generalisability of results.
In Gulati et al.’s20 population, children with evidence of corticosteroid toxicity, use of non-steroid
immunosuppression in the 6 months prior to recruitment and children requiring maintenance
prednisolone of > 1 mg/kg on alternate days were excluded.

Study design
In all three studies,18–20 patients were asked to modify maintenance treatment at the time of an
infection or URTI for a period of 5–7 days. In the blinded study of Abeyagunawardena and
Trompeter,19 this was to commence the trial drug on non-corticosteroid days. In the unblinded
studies,18,20 this was to take their maintenance corticosteroid every day instead of every other day.

The definitions of infection/URTI used for the three studies are shown in Table 1.

TABLE 1 Definitions of infection or URTI for studies preceding PREDNOS2

Symptom

Study

Mattoo and
Mahmoud18

Abeyagunawardena
and Trompeter19 Gulati et al.20

Duration Not defined Not defined For at least 24 hours

Definition Any one of: Any three of: Any one of:

Cough ✓ ✓ ✓

Cold, rhinorrhoea, runny nose ✓ ✓ ✓

Fever ✓ ✓

Sore throat or food refusal in younger child ✓

Body aches ✓

Diarrhoea ✓

Other Bacterial infection excluded
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In Abeyagunawardena and Trompeter’s19 study only was there any blinding of patients or researchers.
In their crossover design, the recruited patients’ families were provided with two pots of tablets. Pot A
contained prednisolone tablets and pot B contained a placebo. Patients were randomised at the start of
their first URTI, using sealed envelopes, to use tablets from either pot A or pot B on non-prednisolone
days for 7 days. The families were asked to use tablets from the other pot for the second URTI. Although
technically double blinded, it is highly possible that researchers could find out which tablet pot was
being used. The other two studies were not blinded and patients in the intervention arms took their
same maintenance prednisolone dose every day for 5 days (in Mattoo and Mahmoud18) or 7 days
(in Gulati et al.20). There was no placebo controlling for the non-intervention arm for these two studies.

Abeyagunawardena and Trompeter’s19 use of a crossover design, although attempting to use each
patient as their own control, may have resulted in the first treatment course influencing the second.
Abeyagunawardena and Trompeter19 also required each patient to have two URTIs (which was not the
case for three patients).

Randomisation and allocation
Mattoo and Mahmoud18 allocated treatment groups on an alternate basis, which could have introduced
selection bias due to the lack of allocation concealment. In Abeyagunawardena and Trompeter’s19

study, patients were randomised at the start of their first URTI using sealed envelopes. Gulati et al.’s20

patients were randomised by stratified randomisation (with or without levamisole) using opaque
sealed envelopes.

Post-randomisation exclusions
Potential bias was introduced by the post-randomisation exclusion of patients from the analysis
populations. Eight (16.7%) of Abeyagunawardena and Trompeter’s19 initial patients were excluded
from the final analysis. Reasons cited included a need for treatment escalation (n = 4), disease stability
leading to discontinuation of maintenance prednisolone (n = 1) and no second URTI (n = 3). Mattoo
and Mahmoud18 also excluded children who did not relapse over the 2-year study period, implying a
post-randomisation exclusion. Gulati et al.20 considered those patients who relapsed twice or more in
a 6-month period and required escalation of background treatment as treatment failures, but these
patients were included in the analysis.

Outcome measures
Primary outcomes were not uniform among the three studies. Mattoo and Mahmoud18 studied the
rate of relapses between the two arms. Abeyagunawardena and Trompeter19 assessed IAR following a
first infection; however, patients were studied over the course of only two relapses that received
different treatments because of the crossover design. In addition, there were no longer-term outcomes.
Gulati et al.20 assessed IAR expressed as episodes per patient per year.

Adverse events
No AE data were formally reported in the studies by Mattoo and Mahmoud18 and Abeyagunawardena
and Trompeter.19 However, in the latter, evidence of corticosteroid toxicity was a reason for maintenance
treatment escalation and withdrawal from the study. The presence of cushingoid features, cataracts and
the requirement for hospital admission were reported for each arm in Gulati et al.’s20 study. Despite the
high level of importance ascribed to the behavioural effects of corticosteroid,12,21 no study assessed this.

Generalisability of results
The three studies18–20 published prior to PREDNOS2 that reported a possible benefit of increasing
prednisolone dose and reducing the risk of relapse were in children taking long-term alternate-day
prednisolone. Therefore, there was no evidence to support a role for a short course of daily low-
dose prednisolone at the time of an URTI for children not on long-term alternate-day prednisolone
or, indeed, for children taking non-steroid second-line agents.
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All three studies took place in specific georacial population groups and their definitions of URTI varied.
Moreover, for one study,20 this was more broadly defined as ‘infection’ and included children with
diarrhoeal illness. It is not appropriate to assume that the pattern of intercurrent illness in these
populations can be compared with those in more temperate locations and that each type of infection
carries the same risk of precipitating a relapse of nephrotic syndrome.

There was also no systemic evaluation of AEs for each arm to assess the risk/benefit of the
intervention, nor was there any evaluation undertaken of cost-effectiveness.

Subsequent research

Since commencement of the PREDNOS2 trial, a second trial from Abeyagunawardena et al.22 has
been published. In contrast to the group’s previous study19 and the other two studies18,20 prior to
PREDNOS2, the investigators studied children with SSNS on no maintenance therapy. In a double-blind
placebo-controlled crossover study, 48 children were randomised to receive 5 days of daily prednisolone
(0.5 mg/kg) or placebo at the start of an URTI. Children on second-line treatments were excluded and
children also had to have discontinued corticosteroid treatment at least 3 months prior to recruitment.
A sealed envelope method was used to randomise patients in the same way as the group’s previous
study.19 Both investigators and patients/parents were blinded to the contents of the pot until the end
of the study. Viral infections were defined more loosely than for the previous study, with the presence of
two or more of the following criteria: fever > 38 °C; runny nose; cough; body aches, lethargy or loss of
appetite; or sore throat. Study treatment was not given or was subsequently stopped if microbiological
evidence of a bacterial infection was found. Patients were followed for 12 months, with any subsequent
URTIs treated with the same study drug. Thereafter, a crossover took place, with group 1 taking placebo
and group 2 taking prednisolone at the time of an URTI for the next 12 months.

A sample size matching their previous study appears to have been chosen, but no power calculation
was provided. Investigators recruited 27 children who were randomised to group 1 and 21 children
randomised to group 2. Of the 48 children recruited, only 33 (69%) completed the study (19 children in
group 1 and 14 children in group 2). Of those exclusions, 12 children were because of non-compliance
and three children needed treatment escalation in the form of maintenance immunosuppressive therapy.

There were 11 relapses following 115 episodes of URTI (9.5%) in the treatment group and 25 relapses
following 101 episodes of URTI (24.8%) in the control group. Despite no significant differences in the
numbers of URTIs between groups, children in the treatment group had significantly fewer relapses
than children in the control group (p = 0.014). Within the treatment group, 22 of 33 children did not
relapse compared with 14 of 33 children within the placebo group (p = 0.049).

The IAR in this study, at 25%, was half of that reported in earlier studies.19,20 The authors explain
that this is likely because the study was conducted in children with more stable disease, who do not
require long-term prophylactic treatments. Interestingly, the only relapses reported within the study
period were those following URTIs.

In common with their previous study,19 the sample size is small and the study was vulnerable to
inadvertent unblinding. The high dropout rate weakens the findings and the decision to exclude
children who commenced maintenance treatment introduces a potential bias. In addition, along
with the studies prior to PREDNOS2, generalisability of the findings to a different georacial
group is problematic.
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Summary

In the 2015 update of the Cochrane review of corticosteroid treatment for nephrotic syndrome in
children,4 the authors noted that the combined weight of the three studies described above18–20

increased the power of the analysis so that low-dose daily prednisolone may be considered at the time
of viral infections in children on maintenance alternate-day prednisolone. Abeyagunawardena et al.’s22

subsequent study, which was available in abstract form only at the time of the Cochrane review,
has shown that the same strategy may benefit children on no maintenance treatment. In the 2020
Cochrane update,4 the authors concluded that the limited data provided by a single study of
48 children meant that it remains unclear whether or not children not already on alternate day
corticosteroid should restart daily corticosteroid for around a week at the onset of viral infections.

The review authors also stated that there were some concerns about the possibility of bias4 (Table 2).
Mattoo and Mahmoud’s study18 was rated as having a high risk of selection bias through inadequate
random sequence generation and allocation concealment. Only the two studies by Abeyagunawardena
et al.19,22 were blinded studies. The study by Mattoo and Mahmoud18 reported that fewer than 10% of
participants were lost to follow-up or excluded from the analysis. Three of the studies18,19,22 were rated
as having a high risk of reporting bias due to a combination of outcome data not including one or more
outcomes of FRSSNS, relapse rate and AEs, providing data in a format that could not be entered into
the meta-analyses or from inability to separate first and second parts in crossover studies.

Therefore, although providing proof of concept that increased corticosteroid dosing may reduce the
risk of relapses in children with SSNS, the methodological issues and other limitations of all these
studies have not been able to address the following questions:

l Do children from developed temperate countries where the pattern of childhood URTI is
significantly different benefit from the same intervention?

l Does this effect occur in children receiving long-term maintenance therapy with other
immunosuppressive therapies (e.g. levamisole, ciclosporin, tacrolimus and MMF) in conjunction with
prednisolone or without prednisolone or, indeed, does this effect occur in children on no long-term
immunosuppressive therapy?

l Is there an effect on the cumulative dose of prednisolone or in the incidence of corticosteroid-
related adverse effects, including behavioural issues associated with the use of this intervention?

l What are the quality-of-life implications of this strategy?
l What would be the cost-effectiveness of such an approach?

Research question

A meeting was convened in January 2012 to discuss this trial proposal, to which the members of the
National Institute for Health Research (NIHR) Medicines for Children Research Network Nephrology
Clinical Studies Group, which represents each of the 13 tertiary paediatric nephrology centres in the
UK, were invited to attend. A number of consumer representatives, including the chairperson of the
UK Nephrotic Syndrome Trust (NeST) (Somerset, UK), and other parents of children with nephrotic
syndrome also attended.

It was clear from this meeting that interest lay not only in further generalisability of the use of daily
low-dose prednisolone at the time of an URTI in children on alternate-day prednisolone and children on no
maintenance treatment, but also in those receiving other immunosuppressant therapies (with or without
prednisolone) for their nephrotic syndrome. Therefore, a single pragmatic trial was proposed, which would
include all patients with relapsing SSNS, regardless of background therapy, to answer the overarching
question of whether or not treatment with a short course of daily prednisolone at the time of URTI in
children with relapsing SSNS reduced the subsequent development of nephrotic syndrome relapse.
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TABLE 2 Evaluation of prior studies of daily prednisolone at the time of URTI (adapted from Cochrane 20204)

Study

Random sequence
generation
(selection bias)

Allocation
concealment
(selection bias)

Blinding of participants
and personnel
(performance bias)

Blinding of outcome
assessment
(detection bias)

Incomplete
outcome data
(attrition bias)

Selective reporting
(reporting bias) Other bias

Mattoo and Mahmoud18 – – – – + – ?

Abeyagunawardena and
Trompeter19

+ + + + – – +

Gulati et al.20 + + – – – + +

Abeyagunawardena et al.22 + + + + – – ?

+, factor has been accounted for; –, factor not accounted for and at risk of bias; ?, insufficient data to determine risk of bias.
Copyright © 2015 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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A reduction in the nephrotic syndrome relapse rate would reduce relapse and treatment-associated
morbidity, hospitalisation rates and parental time absent from work.

The research question agreed was ‘Does a 6-day course of daily prednisolone given early in the course
of URTI in children with relapsing SSNS effectively and safely reduce the incidence of subsequent
URTI-related relapse?’.

A 6-day course was chosen as an even number of days of administration of trial drug would be
required to avoid the bias from children already taking alternate-day prednisolone who might receive
different dosing of trial drug depending on whether or not it was commenced on a day on which they
usually took prednisolone.
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Chapter 2 Methods

Trial-related information, including the protocol, trial information sheets, consent and assent forms
and the case report forms, are available at the PREDNOS2 website [URL: www.birmingham.ac.uk/

research/bctu/trials/renal/prednos2/index.aspx (accessed 17 December 2020)].

Aim

The aim was to evaluate the effectiveness of a 6-day course of daily prednisolone therapy at the time of URTI
in reducing the development of subsequent nephrotic syndrome relapse in children with relapsing SSNS.

Objectives

The specific trial objectives were to determine whether or not a 6-day course of oral prednisolone
given at the time of an URTI:

l reduces the incidence of first upper respiratory tract infection-related relapse (URR) in children with
relapsing SSNS

l reduces the overall rate of URR in children with relapsing SSNS
l reduces the overall rate of relapse in children with relapsing SSNS
l reduces the cumulative dose of prednisolone over the 12-month study period
l reduces the incidence and prevalence of adverse effects of prednisolone, including behavioural abnormalities
l reduces the number of children undergoing escalation of background immunosuppressive therapy
l increases the number of children undergoing reduction of background immunosuppressive therapy
l is more cost-effective than standard therapy
l improves quality of life as measured using the Child Health Utility 9D (CHU-9D), EuroQol-5

Dimensions (EQ-5D) and the Pediatric Quality of Life Inventory (PedsQL).

Trial design

The PREDNOS2 trial was a Phase III randomised parallel-arm placebo-controlled double-blind trial that
compared a 6-day course of daily prednisolone with no change in therapy using a matching placebo.
Children with relapsing nephrotic syndrome who met eligibility criteria were randomised in a 1 : 1 ratio
(with minimisation according to background treatment for nephrotic syndrome) to receive either
6 days of prednisolone or 6 days of placebo at the time of an URTI. The participant, clinician and
trial teams were masked to treatment allocation.

The trial protocol for PREDNOS2 was published in open access format in 2014.1

The trial schema is shown in Figure 1.

Participants

Inclusion criteria
Children aged > 1 year and < 19 years were eligible for inclusion if they had relapsing SSNS, defined as
having experienced two or more relapses in the preceding 12 months. This included the following groups:

l Children on no long-term immunosuppressive therapy.
l Children receiving long-termmaintenance prednisolone therapy at a dose of up to and including 15mg/m2

on alternate days. Note that this was the maximum dose at the time of recruitment. If children
subsequently received a higher dose, for example after relapse, then they could remain in the trial.
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l Children receiving long-term maintenance prednisolone therapy at a dose of up to and including
15 mg/m2 on alternate days in conjunction with other immunosuppressive therapies, including
levamisole, ciclosporin, tacrolimus, MMF, mycophenolate sodium and azathioprine.

l Children receiving long-term immunosuppressive therapies, including levamisole, ciclosporin, tacrolimus,
MMF, mycophenolate sodium and azathioprine, without long-term maintenance prednisolone therapy.

l Children who had previously received a course of oral or intravenous cyclophosphamide –

¢ Children must have experienced two relapses in the 12 months prior to randomisation
(in keeping with all other children).

¢ Children must have experienced at least one of these relapses following completion of
cyclophosphamide therapy.

¢ Children must have been at least 3 months post completion of oral or intravenous
cyclophosphamide therapy.

l Children who had previously received a single dose or course of intravenous rituximab –

¢ Children must have experienced two relapses in the 12 months prior to randomisation
(in keeping with all other children).

¢ Children must have experienced at least one of these relapses following completion of
rituximab therapy.

¢ Children must have been at least 3 months post completion of intravenous rituximab therapy.

l Parents and (where age appropriate) child understood the definition of URTI and the need to
commence trial drug once this definition was met.

l Written informed consent obtained from the child’s parents/guardians and written assent obtained
from the child (where age appropriate). Young people aged ≥ 16 years provided their own written
informed consent.

Intervention arm

Randomised

Child with relapsing SSNS 
(two or more relapses in preceding 12 months)

Control arm

Prednisolone administered daily for 6 days
commenced within 24 hours of onset of each

subsequent URTI over 12-month follow-up period

No change to current prednisolone at time of each
subsequent URTI over 12-month follow-up period

with use of placebo medicine to blind study

Prednisolone administered daily for 6 days
commenced within 24 hours of onset of f irst URTI

No change to current prednisolone at time of f irst
URTI with use of placebo medicine to blind study

FIGURE 1 Trial schema.
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Exclusion criteria

l Children with steroid-resistant nephrotic syndrome.
l Children receiving or within 3 months of having completed a course of oral or

intravenous cyclophosphamide.
l Children receiving or within 3 months of having received a course of rituximab.
l Children on daily prednisolone therapy at time of recruitment.
l Children on a prednisolone dose of > 15 mg/m2 on alternate days at time of recruitment.
l Children with a documented history of significant non-adherence to medical therapy.
l Young people who would be transferred from paediatric to adult services during the 12-month

trial period.
l Children unable to take prednisolone tablets, even in crushed form.
l Known allergy to prednisolone.

Rationale for choice of inclusion and exclusion criteria
Children with relapsing nephrotic syndrome experience relapses whether they are on maintenance
immunosuppression with steroids, with other agents, with both or if they are taking no maintenance
immunosuppression. In this trial, we aimed to reflect that pragmatism with a broad eligibility criterion of
all children with frequently relapsing disease. At the outset of the trial, a precise definition of frequently
relapsing disease (i.e. two or more relapses in the 6 months prior to recruitment) was used, but this was
later relaxed to more than two relapses within the previous 12 months to optimise recruitment.

The reason for the 3-month window following treatment with cyclophosphamide or rituximab is that
patients who respond to this agent (approximately 50–60%) are likely to see a significant reduction in
the frequency of disease relapse, particularly when receiving and shortly after completing this therapy.
The inclusion of at least one relapse following cyclophosphamide or rituximab treatment confirms the
persistence of relapsing disease.

Children became eligible for recruitment if a second relapse occurred within 12 months of a previous
one. Once they enter remission, normal practice is to continue prednisolone at a dose of 40 mg/m2 on
alternate days for 4 weeks, sometimes followed by a slow weaning process. The cumulative dose of
prednisolone required to treat children for 6 days if they developed URTI symptoms while weaning
prednisolone following a relapse and taking a dose of > 15 mg/m2 on alternate days was considered
unacceptably high. The families of these children were informed about the trial, but recruitment did
not take place until the child’s prednisolone dose had been reduced.

Outcome measures

Primary outcome
The primary outcome was the incidence of first URR of nephrotic syndrome following any URTI during
the 12-month follow-up period.

Relapse was defined as Albustix-positive proteinuria (i.e. +++ or greater) for 3 consecutive days or the
presence of generalised oedema plus 3+ proteinuria. URR was defined as a relapse occurring within
14 days of the development of an URTI. See below for more details.

This was chosen as the primary outcome as it was hypothesised that giving daily prednisolone at the
time of URTI would reduce the subsequent development of disease relapse. If this hypothesis was
correct, then those children randomised to placebo would experience more URRs than those children
randomised to the active drug.
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Secondary outcomes

l Rate of URR of nephrotic syndrome (relapses per year).
l Rate of relapse (i.e. URTI related and non-URTI related) of nephrotic syndrome (relapses per year).
l Cumulative dose of prednisolone (mg/kg and mg/m2) received over the 12-month trial period.
l Incidence of serious adverse events (SAEs).
l Incidence of adverse effects of prednisolone, including assessment of behaviour using the

Achenbach Child Behaviour Checklist (ACBC).
l Incidence of escalation of background immunosuppressive therapy (e.g. addition of ciclosporin,

tacrolimus, cyclophosphamide).
l Incidence of reduction of background immunosuppressive therapy (i.e. cessation of long-term

maintenance prednisolone therapy).
l Quality of life using the PedsQL, CHU-9D and EQ-5D (the latter two were used for the economic analysis).
l Cost per quality-adjusted life-year (QALY) gained.

Change to the primary outcome
The original primary outcome was the incidence of URR following the first URTI.

An interim analysis for the Data Monitoring Committee (DMC) in late 2015 showed that the URR rate
following the first URTI was 22%. This was much lower than the 50% event rate used in the sample
size calculation (see below). It was also noted that a larger number of children than expected were
completing the 12-month trial period and not experiencing an URTI (see Sample size).

At the request of the Health Technology Assessment (HTA) programme and the DMC, a futility
analysis was undertaken and presented to the DMC in January 2016. Following the results of the
futility analysis, the DMC advised the Trial Steering Committee (TSC) that, based on the planned
sample size and current event rate, it was unlikely that the trial would show a difference in primary
outcome between the two treatment arms, should there be one. They did, however, acknowledge that
there were still important secondary end-point data that the trial could address.

Following this, the Trial Management Group (TMG), the TSC and the HTA programme discussed the
best way to proceed. It was agreed for the primary outcome to be changed to incidence of first URR
following any URTI during the 12-month follow-up period, rather than URR following the first URTI.
This had the advantage of being correlated with the original primary outcome and had a (combined)
event rate of 42%, which was closer to the sample size assumptions.

Sample size

In children with FRSSNS, the development of an URTI results in relapse in around 50% of instances.19

In the Abeyagunawardena and Trompeter19 study, 40 URTIs treated with placebo were followed by 19
relapses (48%), compared with seven relapses (18%) in the prednisolone-treated group.This corresponds to
an absolute difference of 30% (a 62.5% proportional reduction). In the first treatment period, there were 10
relapses (45%) in 22 placebo-treated children, compared with four relapses (22%) in 18 prednisolone-treated
children (i.e. a 23% absolute difference and 51% proportional reduction).19 This was a large treatment effect
based on a small study of children on long-termmaintenance alternate-day prednisolone therapy in a
developing country.Therefore, to detect a more conservative difference of 17.5% (i.e. 35% proportional
reduction) in URR rate (i.e. from 50% to 32.5%), with 80% power, a two-sided test and an alpha of 0.05,
required 250 children in total (comparison of two proportions23). An allowance was made for between
10% and 20% dropout (e.g. subject withdrawal, lost to follow-up or subject not having an URTI during
the 12-month follow-up period), which required recruitment of between 280 and 320 children.Therefore,
it was proposed to recruit 300 children, 150 to each arm. However, with a treatment effect more in line with
the 50% reduction observed in the first treatment period of the Abeyagunawardena and Trompeter19 study,
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the PREDNOS2 trial would have sufficient power (> 95%) to detect this difference [i.e. to detect a 50%
proportional reduction (i.e. from 50% to 25%) with 90% power and an alpha of 0.05, required 160 children,
increasing to 200 with allowance for 20% dropout].

During the trial, it became apparent that a larger number of children than expected were reaching the
end of the 12-month follow-up period without experiencing an URTI and, therefore, were unable to
contribute to the analysis. The original sample size was increased by between 10% and 20% to account
for this, but, in late 2015, the actual number of children who had completed 12 months’ follow-up
without an URTI was 28%. Therefore, the TSC recommended revising the sample size using a 30%
attrition rate, which increased the sample size to 360 patients.

Recruitment

Children with relapsing SSNS under the care of a paediatric nephrologist and/or a general paediatrician
were recruited from throughout the UK. Potentially eligible children were identified from clinic lists and
departmental databases. Information sheets outlining the trial were mailed to the parents or guardians
of potentially eligible children (and the child, where age appropriate) 1–2 weeks prior to their next
clinical appointment. Following confirmation of eligibility with regard to the inclusion and exclusion
criteria, and a further full discussion of the trial, informed consent was sought from the parents (or guardians)
and children (informed consent or assent, according to age) at the time of this appointment.

Trial sites
A total of 153 sites were set up throughout the UK and 122 of these proceeded to full approval.
Figure 2 shows the location of these centres on a map. These sites included all 13 tertiary paediatric
nephrology units, as well as general paediatric units within university and district general hospitals.

Informed consent
The conduct of the trial was in accordance with the principles of Good Clinical Practice (GCP) and
applicable regulatory requirements.

FIGURE 2 Map of recruiting centres for the PREDNOS2 trial. Map data © 2021 GeoBasis-DE/BKG (© 2009) Google,
Inst. Geogr. National.
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For children aged < 16 years, the parent’s written informed consent for their child to participate in
the trial and the child’s assent, as appropriate, given the child’s competence, were obtained before
randomisation and after a full explanation had been given of the treatment options and the manner
of treatment allocation. Young people aged 16–18 years gave their own consent to participation in
the trial. Examples of patient information can be seen in the supporting documentation [see NIHR
Journals Library, URL: www.journalslibrary.nihr.ac.uk/programmes/hta/11129261/#/documentation
(accessed 21 July 2021)].

Electronic copies of the parent/patient information sheet and informed consent/assent forms were
printed or photocopied onto the headed paper of the local institution.

It was the responsibility of the investigator or designate (e.g. research nurse if local practice allowed and
this responsibility had been delegated by the principal investigator, as captured on the site signature
and delegation log) to obtain written informed consent for each parent/child prior to performing any
trial-related procedures. Investigators ensured that they had adequately explained the aim, trial treatment,
anticipated benefits and potential hazards of taking part in the trial to the parent/child. The investigator
also stressed that the child was completely free to refuse to take part or to withdraw from the trial at any
time. The parent/child were given ample time (e.g. up to 1 week) to read the parent/patient information
sheet and to discuss their participation with others outside the site research team. The parent/child was
given an opportunity to ask questions to be answered to their satisfaction. The right of the parent/child to
refuse to participate in the trial without giving a reason was respected.

If the parent expressed an interest in their child participating in the trial, then they were asked to sign
and date the current ethics-approved version of the informed consent form. The young person signed
their own consent form if aged 16–18 years (inclusive). If the young person was aged < 16 years, then
they could sign an assent form, if age appropriate. The investigator or designate then signed and dated
the form. A copy of the informed consent/assent form was given to the parent/child, a copy was filed
in the hospital notes and the original was placed in the investigator site file (ISF).

Once the child was entered into the trial, their trial number was entered on the informed consent/
assent form maintained in the ISF. In addition, a copy of the signed informed consent/assent form was
sent by fax to the Birmingham Children’s Hospital Pharmacy Department (Birmingham, UK). Details of
the informed consent discussions were recorded in the child’s medical notes, including the date of the
initial discussion, information regarding the initial discussion and the outcome, the date consent was
given, the name of the trial, the version number of the parent/patient information sheet, the version
number of the informed consent form and confirmation that the person signing the consent form on
behalf of the child had been determined to have the parental responsibility to do so.

Throughout the trial, the parent/child had the opportunity to ask questions about the trial and any new
information that may be relevant to the child’s continued participation was shared with them in a
timely manner.

Details of all children approached about the trial were recorded on the subject screening/enrolment
log and, with the parent’s/child’s prior consent, their general practitioner (GP) was informed that they
were taking part in the trial. A GP letter was provided electronically for this purpose.

Randomisation

Following the informed consent process and completion of the baseline assessments, eligible children
were randomised at the level of the individual in a 1 : 1 ratio to either the intervention arm or the
control arm. To ensure concealment of treatment allocation, randomisation was provided using a
central secure 24-hour internet-based randomisation service, or by a telephone call to the University of
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Birmingham Clinical Trials Unit (BCTU) (Birmingham, UK). The randomisation process used minimisation
by the background treatment regimen that the child was receiving at randomisation (i.e. no treatment,
long-term maintenance with prednisolone therapy only, long-term maintenance prednisolone therapy
with other immunosuppressant therapy, and other immunosuppressant therapy only).

Randomisation took place at the time of the initial trial visit, prior to the development of the first URTI, to
ensure that the trial drug reached the parents/child by the time the first URTI developed. The investigator
completed the randomisation notepad to prepare for randomisation. The randomisation notepad was
signed by the investigator to indicate that all of the eligibility criteria had been checked. It was also noted
in the medical records that the investigator had checked all of the eligibility criteria and that the child met
all of the inclusion criteria and none of the exclusion criteria. The signed randomisation notepad was kept
in the ISF and a copy sent to the trials office.

After randomisation, each child was assigned a unique trial identification number to be used on all
trial-related material for the child. Confirmation of the randomisation and trial identification number
was forwarded to the trial manager, the local investigator and the Birmingham Children’s Hospital
Pharmacy Department by e-mail immediately on randomisation. Once a PREDNOS2 trial number had
been obtained, the investigator faxed or e-mailed a signed copy of the clinical trial prescription form
and the consent/assent form(s) to the pharmacy at the Birmingham Children’s Hospital to order the
PREDNOS2 trial drug, which was then sent directly to the parents/child (see Investigational medicinal
product). Only delegated staff at the Birmingham Children’s Hospital NHS Trust Pharmacy were able
to view the treatment allocation to dispatch the pots of trial drug. This was carried out using a secure
login link to the randomisation program once the child had been randomised. This ensured that
investigators and the trial office remained blind to the treatment allocation.

Blinding

The PREDNOS2 trial was a double-blind placebo-controlled trial. The secure internet-based central
randomisation service provided by BCTU ensured concealment of treatment allocation. Essential
Nutrition Ltd (Brough, UK), a Medicines and Healthcare products Regulatory Agency (MHRA)-licensed
good manufacturing practice manufacturer of solid oral dosage form products, manufactured both
the active and placebo tablets for the PREDNOS2 trial. To ensure that the tablets were identical
in size, shape, taste and smell, Essential Nutrition Ltd conducted batch testing throughout the trial.
To maintain blinding, children randomised to the control arm received the same number of study
tablets as they would have received in the intervention arm through supplemental placebo tablets.
Therefore, outcome assessments by families and local investigators were carried out masked to
treatment allocation. Only staff at the Birmingham Children’s Hospital Pharmacy Department were
aware of the individual allocations of children. The trial statistician was unblinded to the intervention
code for all of the interim analyses and presented unblinded analyses to the DMC.

Planned interventions

Current practice in the UK has been for no change to be made to immunosuppressive therapy at the
time of development of an URTI. The intervention being assessed within the PREDNOS2 trial was a
6-day course of daily prednisolone therapy at the time of onset of URTI.

Those randomised to the intervention arm commenced a 6-day course of daily prednisolone each time
they developed an URTI during the 12-month follow-up period (see Definition of upper respiratory tract
infection for strict definition). Those randomised to the control arm received an identical number of
placebo tablets, therefore allowing double blinding of the trial. If the child was receiving background
long-term immunosuppressive therapy (e.g. levamisole or ciclosporin), then this continued unchanged.
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Definition of upper respiratory tract infection
An URTI was defined as the presence of at least two of the following for at least 24 hours:

1. sore throat
2. ear pain/discharge
3. runny nose
4. cough (dry/barking)
5. hoarse voice
6. fever of > 37 °C (measured using tympanometric electronic thermometer).

Parents were provided with clear written and (if requested) downloadable electronic information
informing them of the trial definition of an URTI, as outlined above. They were also provided with
abbreviated versions of this printed onto laminated cards, which could be kept in multiple locations
within the family home, including in fridge magnet format.

An electronic tympanometric thermometer (Braun Thermoscan®; Braun, Kronberg, Germany) was
provided to the parents of all children to allow them to measure their child’s temperature. A diary
was also provided for parents to record the results of the daily morning urinalysis (standard care in
children with relapsing SSNS), development of URTI, commencement of trial drug, other ongoing
treatment, acute illnesses and other issues.

Investigational medicinal product
The trial drug (5-mg prednisolone tablets and matching placebo tablets) was manufactured, packed and
labelled by Essential Nutrition Ltd. Following randomisation, children were provided with a supply of
100 tablets (two containers of 50 tablets) of the trial drug (5 mg of prednisolone) for those randomised
to the intervention arm or a matching placebo for those randomised to the control arm. This was sent
directly to the family home from the central pharmacy at the Birmingham Children’s Hospital by Royal
Mail (London, UK)-registered post on a day convenient for the family. The trial drug containers and
their contents appeared identical in every way, therefore maintaining the double blind. Trial drug
labelling complied with the applicable regulatory requirements and clinical trial-specific labels were
attached to all treatments. The pharmacy at the Birmingham Children’s Hospital maintained drug
accountability logs for dispensed and returned trial drug doses according to its local policy. The central
pharmacy at the Birmingham Children’s Hospital documented when they were contacted by the
parent/patient to confirm receipt of the IMP.

For children unable to swallow the tablets whole, the prednisolone and placebo tablets could be
crushed and a tablet crusher was supplied with the trial drug at the prescriber’s request.

Every child participating in the trial was issued with a standard pack containing the following:

l A diary in which the results of the morning urinalysis, treatment administration and any
consultations with health-care professionals [e.g. GP, nurse, hospital accident and emergency (A&E)
department], development of URTI, commencement of trial drug and details of medicines prescribed
or purchased over the counter could be recorded.

l Instructions on contacting the central pharmacy at Birmingham Children’s Hospital on receipt of
IMP at the family home. This included date of receipt and number of bottles received.

l An electronic tympanometric thermometer to measure temperature at the time of suspected URTI.
l Written and (if requested) electronically downloadable information regarding URTI definition.
l Written and (if requested) electronically downloadable information regarding the dose of the trial

drug to be commenced in the event of URTI developing.
l Other ‘aides-memoires’ regarding definition of URTI, etc., displayed on fridge magnets and

laminated sheets.
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Compliance with trial drug was assessed at each trial visit. This was carried out by a manual pill count
by an appropriate staff member at the local site, using a standard counting triangle.

Commencement of trial drug
Once the child met the definition for URTI (i.e. two or more criteria as listed above for at least 24 hours),
the parents or guardians commenced the child on the trial drug (prednisolone tablets for those in the
intervention arm or placebo for those in the control arm) (see Dosing of trial drug for dosing schedules). It
was anticipated that parents or guardians would have no difficulties in identifying that their child had met
the URTI criteria and would commence the trial drug unassisted, having been provided with comprehensive
advice on this at the time of their recruitment. However, a back-up service was also provided. If they were
in any doubt, parents or guardians were instructed to contact their local trial site or, if this was not possible,
to call a PREDNOS2 trial telephone number, which was manned by the chief investigator or his nominated
deputy during periods of annual leave. This meant that parents or guardians were able to seek advice
regarding whether their child met the URTI criteria, the dose of trial drug required and any other issues or
concerns they may have had relating to the trial. A log of any telephone calls was maintained and the chief
investigator reported their content to the local principal investigator by e-mail. This back-up service was
used on fewer than five occasions during the trial.

To ensure patient safety, the information provided to parents and guardians also contained information
about the signs of a more serious infection (e.g. non-blanching rash, leg pain, cool extremities, rapid
breathing, blue lips, fitting, unconsciousness, any other major concern). If any of these features were
present, parents and guardians were instructed not to start the trial drug and to seek urgent medical
attention for their child from their GP or local A&E department.

Parents or guardians were asked to contact their local trial site within 24 hours of commencing the
trial drug to inform the principal investigator or nominated deputy and to allow them the opportunity
to discuss any of their child’s symptoms that may be of concern to them.

The above intervention was repeated every time the child developed a URTI over the 12-month follow-up
period. The only exception to this was if the child was receiving daily prednisolone therapy (e.g. in the early
stages of treatment for a previous relapse). In these instances, the trial drug was not commenced.

Dosing of trial drug
The precise dose of the trial drug at time of the development of URTI depended on the child’s current
treatment regimen, in particular whether or not they were receiving long-term maintenance
prednisolone therapy and, if so, at what dose.

Children not receiving long-term maintenance prednisolone
Those randomised to the intervention arm received prednisolone (15 mg/m2) daily (maximum dose of
40 mg) for a total of 6 days. The dose was rounded up or down to the nearest 5 mg and given as a single
morning dose. Children randomised to the control arm received an identical number of placebo tablets.

Children receiving a long-term maintenance prednisolone dose of ≤ 15 mg/m2 on
alternate days
Those randomised to the intervention arm received prednisolone (15 mg/m2) daily (maximum dose of
40 mg) for a total of 6 days. The dose was rounded up or down to the nearest 5 mg and given as a
single morning dose. Children randomised to the control arm received an identical number of placebo
tablets. Children receiving long-term maintenance prednisolone therapy received a different number of
tablets of the trial drug on regular treatment-days (i.e. those days when they usually take prednisolone)
from non-treatment-days. For example, a child of 1.0 m2 receiving a long-term maintenance dose of
5 mg of prednisolone on alternate days took an additional two 5-mg prednisolone tablets (or matching
placebo) on treatment days and three 5-mg prednisolone tablets (or matching placebo) on non-
treatment days. Therefore, this particular child received either prednisolone 15 mg (15 mg/m2) daily for
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6 days if in the intervention arm or continued unchanged on prednisolone 5 mg on alternate days if in
the control arm.

Children receiving a prednisolone dose of > 15 mg/m2 on alternate days
A small number of children may have been receiving a prednisolone dose of > 15 mg/m2 at the time of
URTI development. These were likely to be children who had already relapsed during the 12-month
trial period and had their prednisolone dose increased accordingly, as the inclusion/exclusion criteria
excluded those on a dose of prednisolone > 15 mg/m2 at trial entry. These children converted to the
same dose on a daily basis for a total of 6 days. The dose was rounded up or down to the nearest 5 mg
and given as a single morning dose (maximum dose 60 mg). Children randomised to the control arm
received an identical number of placebo tablets. For example, a child of 1.0 m2 receiving a long-term
maintenance dose of 20 mg of prednisolone on alternate days took their regular dose on treatment
days and four 5-mg prednisolone tablets (or matching placebo) on non-treatment days. Therefore,
this particular child received either 20 mg (20 mg/m2) daily for 6 days if in the intervention arm or
continued unchanged on 20 mg on alternate days if in the control arm.

To allow for changes in dosing of trial drug with the child’s growth throughout the trial, the precise
regimen to be administered was discussed with parents and guardians, along with a written treatment
plan at the time of recruitment, and re-discussed at each trial visit. Information about the precise
number of trial drug tablets to administer was provided to the family in written form, using a standard
form, which was completed by the local principal investigator.

The trial drug was always given as a single dose in the morning. If the child was receiving any
additional immunomodulatory therapy (e.g. ciclosporin, levamisole, etc.), then this continued unchanged
throughout the 6-day course of the trial drug. Other drug treatment also continued unchanged. At the
end of the 6-day course of the trial drug, the child continued on their previous dose of long-term
maintenance prednisolone therapy (or no prednisolone treatment if they were not previously receiving
this). If an URTI occurred when a child was receiving daily prednisolone (e.g. in the early stages of
treatment for a disease relapse), then the trial drug was not commenced. These children continued to
participate in the trial and the subsequent URTIs were treated with the trial drug, provided that they
were receiving alternate-day prednisolone at that point.

Trial procedures

Trial visits and data collection
All children underwent a comprehensive assessment at the randomisation visit and were then followed
up for 12 months from randomisation, with visits at 3, 6, 9 and 12 months for trial follow-up assessments.
This follow-up schedule is entirely in keeping with the normal frequency of follow-up of this population in
routine clinical practice. The information captured at the randomisation and subsequent visits are shown
in Table 3.

At each visit, there was a full clinical review of the child and a number of different questionnaires were
administered. The clinical review included assessment of whether or not the child had experienced any
URTI or non-URRs since the last visit and a review of the current treatment regimen.

To evaluate changes in the child’s behaviour associated with the different prednisolone regimens,
the ACBC24 was completed by the parents/guardian. The ACBC is a standardised measure made up of
120 items that measure internalising behaviour problems (i.e. withdrawn, somatic complaints, anxiety/
depression, thought problems) and externalising behaviour problems (i.e. social problems, attention
problems, delinquent and aggressive). It was used as part of the behavioural effects of prednisolone
for the PREDNOS trial that preceded this trial.9 A total behavioural problem score is calculated from
these problem scales and forms the basis of comparison with age- and sex-matched normative data.
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Information relating to quality of life was also collected using the CHU-9D, EQ-5D (dependent on child
age)25 and PedsQL26,27 questionnaires. The information was collected from parents/guardians or the
child/young person themselves, depending on their age. The CHU-9D is a newly developed utility
measure designed for children aged 5–11 years. The EQ-5D is a validated utility measure routinely
used in adult and adolescent populations. Both the CHU-9D and the EQ-5D were used to generate
data for the health economic analyses. The PedsQL questionnaire is a well-validated approach to
measuring health-related quality of life (HRQoL) in healthy children and adolescents and those with
acute and chronic health conditions.

TABLE 3 Trial visit schedule

Information

Visit

1 2 3 4 5

Month 0 3 6 9 12

Window ± 2 weeks ± 2 weeks ± 2 weeks ± 2 weeks

Inclusion/exclusion criteria ✓

Informed consent ✓

Randomisation ✓

Allocation of trial number ✓

Documentation of URTI ✓ ✓ ✓ ✓

Documentation of commencement of trial drug ✓ ✓ ✓ ✓

Documentation of recent relapse ✓ ✓ ✓ ✓ ✓

Recent medical/drug history ✓ ✓ ✓ ✓ ✓

AE documentation ✓ ✓ ✓ ✓

Compliance check (tablet count using counting
triangle)a

✓ ✓ ✓ ✓

Physical examination ✓ ✓ ✓ ✓ ✓

Assessment of steroid toxicity ✓ ✓ ✓ ✓ ✓

Height and weight ✓ ✓ ✓ ✓ ✓

Blood pressure ✓ ✓ ✓ ✓ ✓

Calculation of trial drug dose to be administered
in the event of URTI and explanation/
documentation

✓ ✓ ✓ ✓ ✓

If three or more courses of the trial drug have
been administered since the previous visit,
confirm parental understanding of URTI definition

✓ ✓ ✓ ✓

Blood sample for DNA/RNAb ✓ ✓ ✓ ✓ ✓

ACBC ✓ ✓ ✓ ✓ ✓

PedsQL ✓ ✓ ✓ ✓ ✓

CHU-9D and EQ-5D ✓ ✓ ✓ ✓ ✓

Trial drug returned to Birmingham Children’s
Hospital Pharmacy Department for accountability

✓

DNA, deoxyribonucleic acid; RNA, ribonucleic acid.
a Tablet count details to be recorded in the medical notes and the case record form on each occasion.
b Blood sample to be collected on one single occasion only.
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Adverse effects due to prednisolone were assessed by studying growth (i.e. height, weight and body
mass index), cushingoid features, hypertrichosis, striae, appetite (all Likert scales), behaviour (ACBC),
blood pressure and urine dipstick analysis for glycosuria. The development of significant bacterial,
viral or fungal infections and the use of post-varicella exposure prophylaxis (zoster immune globulin
or antiviral therapy) were also recorded. Information was also collected regarding all episodes of
consultation with GPs or hospital medical teams, including data on treatments prescribed. This was
incorporated into the costs measured as part of the health economic analysis (see Chapter 4).

Information recorded by parents and guardians
Parents or guardians performed dipstick testing for proteinuria (using an Albustix, Siemens Healthcare
Diagnostics Ltd, Frimley, UK) of the child’s first morning urine on a daily basis in accordance with
routine clinical care. They were provided with a record book to enter the results (to allow the early
detection of nephrotic syndrome relapses) and the medication administered on a daily basis. This was
maintained for the 12 months of the trial. Parents and guardians also used this diary to record any
intercurrent illnesses and consultations with health-care professionals (e.g. GP, nurse, hospital A&E
department), development of URTI and commencement of trial medicines, along with details of
medicines prescribed or purchased over the counter.

Diagnosis and treatment of relapse
Relapse was defined as Albustix 3+ or more for 3 consecutive days or the presence of generalised
oedema and Albustix 3+ on urine testing. An URR was defined as a relapse occurring within 14 days
of the onset of an URTI. Where disease relapse occurred, parents or guardians contacted their trial
centre in accordance with routine clinical care and treatment for disease relapse was commenced. A
relapse was treated in accordance with the International Study of Kidney Disease in Children relapse
regimen:28 prednisolone was commenced at a dose of 60 mg/m2 daily (maximum dose of 80 mg) until
the urine tests were negative or trace for 3 consecutive days, then reduced to 40 mg/m2 (maximum
dose of 60 mg) on alternate days for 4 weeks (14 doses). A subsequent tapering dose was used at the
individual physician’s discretion. When relapse therapy was commenced, long-term maintenance
prednisolone therapy (e.g. 10 mg on alternate days) was discontinued.

Where relapse occurred while the child was receiving the 6-day course of the trial drug, the trial drugs
were discontinued and relapse treatment was initiated. Once the relapse regimen was completed, long-term
maintenance prednisolone therapy could be recommenced at any dose at the principal investigator’s
discretion. Background immunomodulatory therapy other than prednisolone (e.g. ciclosporin, MMF,
levamisole, etc.) continued unchanged throughout the relapse treatment period.

Escalation of background immunomodulatory therapy
Children underwent intensification of background immunomodulatory therapy (i.e. the addition of, or
change to, a new immunomodulatory agent, e.g. ciclosporin, MMF, levamisole, etc.) only when there
were two or more relapses (URTI related or unrelated) in any 6-month period or where there were
unacceptable adverse effects of prednisolone or other therapy. These children remained under follow-up,
as intensification of immunomodulatory therapy was an important secondary outcome for this trial.
Similarly, immunomodulatory therapy was discontinued only when the child remained relapse free for
at least 6 months or there were unacceptable adverse effects of therapy.

Changes in certain types of non-corticosteroid immunosuppression were predefined as escalations,
for example a move from cyclophosphamide to ciclosporin/tacrolimus, the addition of mycophenolate
or the addition of rituximab. This is in line with guidelines, such as those written by the Kidney Disease
Improving Global Outcomes (KDIGO) group.28 Any time cyclophosphamide was given, even if it was
following ciclosporin/tacrolimus, it was considered to be an escalation, as the overwhelming rationale
for using it would be poorly controlled nephrotic syndrome relapses. As both cyclophosphamide and
rituximab are disease-modifying drugs given as short courses that are not repeated at all (usually in
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the case of cyclophosphamide) or for at least 6 months (in the case of rituximab), absence of either
drug in a 3-month time period following one where it had been given was not considered to be a
reduction in background therapy.

Safety assessment and reporting
Pharmacovigilance reporting complied with the Medicines for Human Use (Clinical Trials) Regulations
200429 and the Medicines for Human Use (Clinical Trials) Amended Regulations 2006.30 Annual development
safety update reports were submitted to the main Research Ethics Committee (REC) and MHRA.

The investigator assessed the seriousness and causality (relatedness) of all AEs experienced by patients
(this was documented in the source data), with reference to the prednisolone tablet (Wockhardt UK Ltd)
summary of product characteristics (dated 31 March 2008, section 4.8).31 This was the reference safety
information for the trial.31

Within the PREDNOS2 trial, the steroid prednisolone and the matching placebo were both defined
as IMPs.

Adverse events
An AE is any untoward medical occurrence in a patient or clinical trial subject administered a
pharmaceutical product that does not necessarily have a causal relationship with this treatment. An AE
could, therefore, be any unfavourable and unintended sign (including an abnormal laboratory finding),
symptom or disease temporally associated with the use of a (investigational) medicinal product, whether
or not related to the medicinal product.

Expected AEs for the PREDNOS2 trial were those listed in the reference safety information for
prednisolone.

The following were not considered AEs for the purposes of this trial:

l a pre-existing condition (unless it worsened significantly during treatment)
l diagnostic and therapeutic procedures, such as surgery (although the medical condition for which

the procedure was performed was reported if new).

Only data on the AEs listed on the case report forms were routinely collected during the trial.

Serious adverse events
All AEs that met the definition of being SAEs were reported for the duration of the 12-month trial and
for 3 months following completion of the trial drug.

A SAE is defined as any AE that results in death, is life-threatening, requires inpatient hospitalisation
or prolongation of existing hospitalisation, results in persistent or significant disability or incapacity,
results in a congenital anomaly or a birth defect or is otherwise considered medically significant by
the investigator.

Note that life-threatening in this context refers to an event in which the child was at risk of death at
the time of the event. It does not refer to an event that, hypothetically, might have caused death if
it were more serious. Hospitalisation was an admission that resulted in an overnight stay in hospital.
Day admissions did not need to be reported as a SAE. Medical judgement was exercised in deciding
whether or not an AE was serious in other situations. Important AEs that were not immediately
life-threatening or did not result in death or hospitalisation, but may have jeopardised the child or
may have required intervention to prevent one of the other outcomes listed in the definition above,
were considered serious.
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All AEs were evaluated by a doctor to determine severity and causality between the IMP and/or
concomitant therapy and the AE. The causality and severity of all AEs was recorded in the medical
notes. Investigators reported all AEs that met the definition of being serious immediately and
within 24 hours of being made aware of the event using the trial-specific SAE form, other than the
following events.

Hospitalisations for the following expected events did not require expedited reporting:

l routine treatment or monitoring of the studied indication not associated with any deterioration
in condition

l treatment that was elective or pre-planned for a pre-existing condition that was unrelated to the
indication under study, and had not worsened.

These events were reported on the trial-specific SAE form and sent to the trial office at the BCTU
within 1 week of the site being made aware of the date of hospitalisation.

Vaccination
Where the child was due for routine vaccination or specialised vaccinations, there were some
contraindications that needed to be taken into account, as stated in the Department of Health and
Social Care’s Immunisation Against Infectious Disease, otherwise known as ‘The Green Book’.32

Live vaccines can, in some situations, cause severe or fatal infections in immunosuppressed individuals
because of extensive replication of the vaccine strain. For this reason, severely immunosuppressed
individuals should not be given live vaccines and vaccination in immunosuppressed individuals should
be conducted in consultation with an appropriate specialist only. Inactivated vaccines cannot replicate
and so may be administered to immunosuppressed individuals, although they may elicit a lower
response than in immunocompetent individuals.

Children who receive prednisolone, orally or rectally, at a daily dose (or its equivalent) of 2 mg/kg per day
for at least one week or 1 mg/kg per day for 1 month are classified as a special risk group for being
given live vaccines. Administration of live vaccines should be postponed for at least 3 months after
immunosuppressive treatment has stopped or 3 months after levels have been reached that are not
associated with immunosuppression. Routine live vaccines given in the UK include the MMR (measles,
mumps and rubella) vaccine and the BCG (bacillus Calmette–Guérin) vaccine for tuberculosis. For parents
who may wish to travel with their children, other live vaccines include Yellow Fever and oral typhoid
vaccines.Where these issues arose with a child within the trial, the advice of an immunologist was sought.

Unblinding
Should there have been any medical emergencies where it was necessary for a child’s treatment to
be unblinded, a codebreak was available via Birmingham Children’s Hospital Pharmacy Department.
Subject to clinical need, where possible, members of the research team were to remain blinded. No
unblinding was required during the trial.

Trial withdrawals
Trial participants were followed up for the entire trial provided that consent for their ongoing
participation in the trial was not withdrawn. Where consent was withdrawn, parents and children
could choose any of the following:

l The child wished to withdraw from the investigational treatment, but was willing to be followed up
in accordance with the trial protocol (i.e. agreed that follow-up data could be collected and used in
the final analysis).

METHODS
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l The child did not want to attend trial-specific follow-up visits, but was willing to be followed up in
accordance with standard practice (i.e. agreed that follow-up data could be collected at standard
clinic visits and used in the trial final analysis).

l The child was not willing to be followed up for trial purposes at any further visits (but agreed that
any data collected prior to the withdrawal of consent could be used in the trial final analysis).

Blood samples
A genome-wide association study of SSNS and a deoxyribonucleic acid (DNA) mutation substudy are
planned as part of the PREDNOS2 trial, and are funded separately. The results do not form part of this
report and will be published elsewhere.

There are multiple reasons to suggest that SSNS may be a genetic disorder. As part of the PREDNOS2
trial, we obtained DNA and ribonucleic acid samples to identify changes that may be the cause of or
contribute to the disease process of SSNS. The discovery of genetic changes that are unique to SSNS
would increase our understanding of the disease and may lead to improved and more specific therapies
becoming available.

As part of the consent process, permission was obtained to collect a single 10-ml blood sample for
genetic substudies at some point during the trial, preferably at the time of routine venepuncture for
clinical purposes. If for any reason the parents and/or child were unwilling to provide a blood sample,
this did not preclude them from taking part in the main trial.

The 10-ml blood sample was collected into two 5-ml aliquots containing potassium
ethylenediaminetetraacetic acid (EDTA). Samples were labelled with the child’s PREDNOS2 trial
number and their date of birth in mmm/yyyy format only (there was no personal information about the
child identifiable to the bench researchers).

Parents/guardians and/or children were asked whether or not they would also agree to submit their
DNA for future studies to help understand genetic links to related medical conditions, but were equally
free to opt out at any point. In this case, they would be able to request for and be assured that their
sample had been destroyed after analysis for the PREDNOS2 laboratory subtrial.

Statistical methods

The primary comparison trial arms were those who were randomised to 6 days of daily prednisolone
and those randomised to placebo. Analyses were based on the intention-to-treat (ITT) principle. The
analysis population did not include all of the randomised population, as analyses were based on a
modified ITT population, which included only those participants who had an URTI over the 12-month
follow up period. Excluding those participants who did not have an URTI resulted in no bias, as taking
the study medication was conditional on the child experiencing an URTI and this should, by chance,
have been balanced between the two arms. Participants were analysed in the intervention arm to
which they were randomised and participants were included whether or not they received the
allocated intervention following an URTI.

Estimates of treatment effects are presented with two-sided 95% CIs. p-values are reported from
two-sided tests at the 5% significance level. Analyses were adjusted for the minimisation variable
(i.e. background therapy at randomisation) and baseline scores (where appropriate). The placebo
arm is the reference group. No corrections for multiple tests were made. All analyses were carried
out using SAS®, version 9.4 (SAS Institute Inc., Cary, NC, USA), or Stata®, version 16 (StataCorp LP,
College Station, TX, USA).
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The primary outcome was the incidence of first URR of nephrotic syndrome following any URTI
during the 12-month follow-up period. This outcome is a binary outcome (i.e. yes/no). The number
and percentage of children reporting an URR was reported. An adjusted risk difference and relative
risk along with the respective 95% CI were estimated using binomial models with the identity and
log-links, respectively. The statistical significance of the treatment arm parameter was determined from
the p-value generated by the model. The number needed to treat (NNT) was also calculated. Three
sensitivity analyses to assess the impact of missing data were undertaken for the primary outcome:
(1) no URR (best)/URR (worse), (2) URR (worse)/no URR (best) for the prednisolone and placebo arms,
respectively, and (3) an analysis that included the eight participants who had URTIs without relapse,
but who did not complete 12 months’ follow-up and so it was not possible to assume that they did not
have an URR during the 12-month trial follow-up period. In this third analysis, the data available were
used and so they were included as ‘no’ for the primary outcome.

The number of children experiencing any relapse (i.e. both URRs and non-URRs), the number of children
having an escalation of background immunosuppressant therapy and the number of children having
a reduction in background immunosuppressant therapy were analysed as per the primary outcome
measure. The rate of URRs and rate of any relapse were determined in the first instance as numbers of
children who had a relapse with the respective percentage and in the second instance as a median and
interquartile range (IQR). An adjusted incidence rate ratio with 95% CI was estimated using a Poisson
regression model. An offset for the length of time the child was in the trial was included in the model.

The cumulative dose of prednisolone received over the 12-month period was initially planned to be
reported as means with SDs, with an adjusted mean difference and 95% CI estimated from a linear
regression model. These data were, however, skewed and so the median and IQR were also reported,
along with the unadjusted median difference between arms and 95% CI estimated using bootstrapping
methods, and the arms were instead compared using a Wilcoxon rank-sum test.

The PedsQL quality-of-life measure and ACBC measures were collected at multiple time points. The
scores at each time point were summarised using means and SDs. Data were analysed using mixed-
effect repeated measures models, with the minimisation variable and the baseline score included in
the model as covariates. Time was included as a continuous variable in the model. In the initial model,
a treatment-by-time cross-term was included in the model. If this was not significant, it was assumed
that the treatment effect was constant over time and models without the treatment-by-time cross-term
were fitted. Adjusted mean differences between arms are presented, alongside the respective 95% CIs.

The prednisolone AE data were collected at each time point (i.e. 3, 6, 9 and 12 months). To assess
whether or not each AE occurred over the whole trial period, the 3-, 6-, 9- and 12-month data were
also assessed collectively, with statistical significance determined by a chi-squared or Fisher’s exact test
(as appropriate). The SAE data were summarised descriptively. The number of children experiencing
any SAEs and suspected unexpected serious adverse reactions (SUSARs) was presented by arm.
Statistical significance was determined by a chi-squared or Fisher’s exact test (as appropriate).

Subgroup analyses were limited to the primary outcome and the following defined categories based on
the child’s background treatment regimen at randomisation:

l no background immunosuppressive therapy compared with long-term maintenance prednisolone
therapy, long-term maintenance prednisolone therapy plus other immunosuppressive therapies and
other immunosuppressive therapies alone

l on prednisolone compared with not on prednisolone
l on other immunosuppressant compared with not on other immunosuppressant.

The effects of these subgroups were examined by including a treatment arm by subgroup interaction
parameter in the final binomial model.

METHODS
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Ethics approval, regulations and trial registration

Ethics approval
Ethics approval for the PREDNOS2 trial was granted by the National Research Ethics Service
Committee North West – Greater Manchester Central (reference 12/NW/0766) on 4 December 2012.

Substantial amendments made to the trial protocol are itemised in Table 4.

Sponsorship
The PREDNOS2 trial was sponsored by the Central Manchester University Hospitals NHS Foundation
Trust (subsequently renamed the Manchester University NHS Foundation Trust) and the University of
Birmingham (RG_12-188). The MHRA clinical trial authorisation reference was 21761/0281/001-0001.
The EudraCT number was 2012-003476-39.

TABLE 4 List of substantial amendments

Substantial
amendment Date Details

1 8 May 2013 New PIS and consent forms, additional sites and change of PIs

2 23 August 2013 Additional sites and change of PI

3 6 September 2013 Change of PI

4 20 February 2014 Additional sites, change of PIs and protocol V1.2

5 5 February 2014 Addition of site and change of PI

6 1 August 2014 Additional sites, change of PIs, advertising flyer and text for Renal Patient
Support Group and renal/paediatric social media platforms and websites

7 9 June 2015 Additional sites, change of PIs, trust mergers, trust name change and
protocol V1.3

8 3 August 2015 Additional sites and change of PIs

9 19 October 2015 Additional sites, change of PIs, trust merger and parent/participant advice
letters V1.2

10 3 December 2015 Additional site and change of PIs

11 28 October 2016 Change of PI

12 24 February 2017 Changes of PI and change in trust name

13 16 June 2017 Changes of PI, trust merger, protocol V2.0 and other REC-approved
documents V2.0, general administrative changes

14 26 September 2017 Additional site, change of PI and trust name change

15 5 October 2017 Letters associated with the re-issue of study medication were due to expire
on 30 November 2017

16 7 March 2018 Change of one of co-sponsor’s trust name (MHRA only)

17 31 May 2018 Changes of PI

18 3 October 2018 Change of CI, protocol V3.0, other REC-approved document changes,
general administrative changes

19 8 February 2019 Changes of PI and trust mergers

20 5 March 2020 Changes of PI

PI, principal investigator; PIS, patient information sheet.
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Regulations
The trial was conducted in compliance with the principles of the Declaration of Helsinki (1996)33 and the
principles of GCP and in accordance with all applicable regulatory requirements, including, but not limited
to, the Research Governance Framework for Health and Social Care34 and theMedicines for Human Use (Clinical
Trials) Regulations 2004,29 as amended in 200630 and any subsequent amendments.

The active trial drug and placebo were manufactured in accordance with current good manufacturing
process regulations.

Monitoring and oversight
Monitoring of this trial was carried out to ensure compliance with GCP. A risk-proportionate approach
to the initiation, management and monitoring of the trial was adopted (as per Risk-Adapted Approaches
to the Management of Clinical Trials of Investigational Medicinal Products35) and outlined in the trial-specific
risk assessment.

Study oversight was provided by an independent TSC and DMC. The TSC provided overall supervision
for the trial, providing advice on the study and assessing the progress of the trial. The DMC reviewed
accumulating data and was responsible for assessing patient safety.

Patient, parent and public involvement

The PREDNOS2 trial design was discussed extensively with a number of patient and public involvement
representatives, including representatives from NeST. This provided valuable input regarding the
development of essential and patient-facing documentation for the trial and the acceptability of study
visit frequency, as well as insight into the issues surrounding self-medication and addressing the
complexity of calculating study drug dosage at home.

Patient and public involvement representatives worked with members of the trial team to develop
advertising materials for social media to encourage patient recruitment through avenues such as the
NeST Facebook page (URL: www.facebook.com, Facebook, Inc., Menlo Park, CA, USA). Representatives
also disseminated information about the trial among their nephrotic syndrome contacts, encouraging
those families/patients who may have benefited from participation in the PREDNOS2 trial to seek out
more information and ask their local clinician about participation. These actions undoubtedly aided the
trial’s recruitment.

Patient and public involvement representatives reviewed any changes to essential or patient-facing
documentation throughout the trial as amendments were made. Representatives also had input
throughout the trial through their membership of the TMG and TSC, and regularly attended meetings
for both oversight groups.

METHODS
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Chapter 3 Results

Recruitment

The PREDNOS2 trial opened to recruitment in February 2013 and the first patient was randomised
on 19 March 2013. The trial closed to recruitment, after 6 years, on 31 January 2019, with a total of
365 patients randomised from 91 of the 122 approved centres. Five patients more than the 360 patient
recruitment target were included, as these patients had all received written information on the trial and
verbally indicated their willingness to participate in the trial. The Trial Ethics Committee agreed that
these patients should be offered randomisation to the trial.

The average rate of recruitment was 5.1 patients per month. After 2 years where the average
recruitment rate had been 6.4 patients per month, the rate slowed to 4.6 patients per month for the
remaining 47 months. Quarterly recruitment by randomised treatment is shown in Figure 3. The first
period is 4 months (March–June 2013) and the final period is a single month (January 2019).

Patients were recruited from 91 paediatric units of 122 approved units (74.6%) across the whole of
the UK. The number of patients recruited per centre varied from 1 to 35. Individual site recruitment
data are shown in Appendix 1, Table 31. The 13 UK tertiary paediatric renal units recruited 133 (36%,
range 3–35) patients of the total trial population. As was seen with the PREDNOS trial,9 this highlights
the important contribution of district general paediatric units, in which individual recruitment ranged
from 1 to 17 participants.

Participants had completed 12 months’ follow-up by 31 January 2020.

Participant flow

Of the 365 children randomised into the PREDNOS2 trial, 182 were randomised to the intervention
arm and 183 to the placebo arm. Thirty-two children (8.8%) did not complete the 12 months’ follow-up
(13 children from the intervention arm and 19 children from the placebo arm). Of these withdrawals,
14 patients were withdrawn before having an URTI (six patients from the intervention arm and eight patients
from the placebo arm). Eighteen patients were withdrawn after having an URTI (seven patients from the
intervention arm and 11 patients from the placebo arm). Eighty children completed the 12 months’ follow-up
without experiencing an URTI (42 children in the prednisolone arm and 38 children in the placebo arm).
Therefore, in total, 48 children in the prednisolone arm and 46 children in the placebo armwere excluded
from the trial analyses, as they did not have an URTI during the trial. This gave a modified ITT analysis
population of 271 patients (i.e. 365 randomised patients – 94 patients with no URTI).

The CONSORT (Consolidated Standards of Reporting Trials) flow diagram36 for all randomised patients
is shown in Figure 4. Patient flow for the modified ITT population is shown in Figure 5.

Overall reasons for withdrawal are detailed in Table 5.
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Randomised
(n = 365)

Prednisolone arm
(n = 182)

Placebo arm
(n = 183)

3-month
review

6-month
review

9-month
review

12-month
review

Number of patients who withdrew, n = 1
• Of these, 1 withdrew without an URTI

179/182 expected 3-month forms received

Number of patients who withdrew, n = 0
• Of these, zero withdrew without an URTI

179/182 expected 3-month forms received

Number of patients who withdrew, n = 4
• Of these, 3 withdrew without an URTI

172/178 expected 6-month forms received

Number of patients who withdrew, n = 6
• Of these, 4 withdrew without an URTI

171/176 expected 6-month forms received

Number of patients who withdrew, n = 2
• Of these, 1 withdrew without an URTI

173/176 expected 9-month forms received

Number of patients who withdrew, n = 7
• Of these, 3 withdrew without an URTI

160/169 expected 9-month forms received

Number of patients who withdrew, n = 7
• Of these, 2 withdrew without an URTI

169/169 expected 12-month forms received

Number of patients who withdrew, n = 5
• Of these, zero withdrew without an URTI

164/164 expected 12-month forms received

In total
Number of patients who withdrew, n = 13
• 6 withdrew without an URTI

42 patients reached 12 months with no URTI

Total: 48 patients with no URTI during trial
URTI analysis population: n = 134

In total
Number of patients who withdrew, n = 19
• 8 withdrew without an URTI

38 patients reached 12 months with no URTI

Total: 46 patients with no URTI during trial
URTI analysis population: n = 137

FIGURE 4 A CONSORT flow diagram for all randomised patients.
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Randomised
(n = 271)

Prednisolone arm
(n = 134)

Placebo arm
(n = 137)

3-month
review

12-month
review

9-month
review

6-month
review

Number of patients who withdrew, n = 0

134/134 expected 3-month forms received

Number of patients who withdrew, n = 1

129/133 expected 6-month forms received

Number of patients who withdrew, n = 1

131/132 expected 9-month forms received

Number of patients who withdrew, n = 5

127/127 expected 12-month forms received

Number of patients who withdrew, n = 0

137/137 expected 3-month forms received

Number of patients who withdrew, n = 2

132/135 expected 6-month forms received

Number of patients who withdrew, n = 4

124/131 expected 9-month forms received

Number of patients who withdrew, n = 5

126/126 expected 12-month forms received

FIGURE 5 A CONSORT flow diagram for the modified ITT population. Reproduced with permission from Christian
et al.37 This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are
credited. The figure includes minor additions and formatting changes to the original figure.

TABLE 5 Patients who were withdrawn from the PREDNOS2 trial (all randomised patients)

Withdrawals

Treatment arm

TotalPrednisolone Placebo

Number randomised 182 183 365

Total withdrawals, n 13 19 32

Withdrew consent 8 10 18

Moved away 2 5 7

Other 3a 4b 7

Number of withdrawals without an URTI 6 8 14

Number who reached 12 months without an URTI, n/N (%) 42/169 (25) 38/164 (23) 80/333 (24)

Exclusions due to not experiencing an URTI, n/N (%) 48/182 (26) 46/183 (25) 94/365 (26)

Total, n/N (%) 55/182 (30) 57/183 (31) 112/365 (31)

a Other reasons for withdrawal in the prednisolone arm: decision made jointly by clinician and parent, medical
decision and unknown.

b Other reasons for withdrawal in the placebo arm: safety and compliance, decision of clinician, family illness and no
reason given.

RESULTS
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Withdrawals and analysis population

Of the 365 children randomised:

l 32 children were withdrawn or lost to follow-up from the trial prior to completing the 12 months
assessment –

¢ 18 of these children had an URTI prior to withdrawal or being lost to follow-up
¢ 14 of these children had no URTI prior to withdrawal or being lost to follow-up

l 333 children completed the 12-month follow-up assessment –

¢ 253 of these children had an URTI
¢ 80 of these children had no URTI at any point in the trial.

This gives a modified ITT analysis population of 271 patients (i.e. 253 + 18).

Details of the children who were excluded are shown in Table 5 for the whole randomised population
and in Table 6 for the modified ITT population.

Completeness of data

Data completion was very high. For the modified ITT population at all four data collection time points,
a total of 1040 forms out of a possible 1055 were received (98.6%; 99.0% from the intervention arm
and 98.1% from the placebo arm).

Baseline data

Randomisation was minimised according to baseline treatment. Details of baseline demographics for
the whole randomised population and for the modified ITT population are shown in Tables 7 and 8,
respectively. For the modified ITT analysis population, the mean age at recruitment was 7.6 (SD 3.6)
years, 64% of participants were male, 64% of participants were white and the duration of SSNS at trial
entry was 3.2 years.

TABLE 6 Patients who were withdrawn from the PREDNOS2 trial (modified ITT population)

Withdrawals

Treatment arm

TotalPrednisolone Placebo

Modified ITT population, n 134 137 271

Total withdrawals, n (%) 7 (5) 11 (8) 18 (7)

Withdrew consent, n 4 4 8

Moved away, n 0 4 4

Other, n 3a 3b 6

Proportion who completed 12 months’ follow-up, n (%) 127 (95) 126 (92) 253 (93)

a Other reasons for withdrawal in the prednisolone arm: decision made jointly by clinician and parent, medical
decision and unknown.

b Other reasons for withdrawal in the placebo arm: decision of clinician, family illness and no reason given.
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TABLE 7 Baseline demographics for all randomised patients

Demographic

Treatment arm

Prednisolone Placebo

Total randomised, n 182 183

Background treatment regimen, n (%)a

No long-term treatment 44 (24) 42 (23)

Long-term maintenance prednisolone 48 (26) 49 (27)

On other immunosuppressant therapy plus
long-term maintenance prednisolone therapy

61 (34) 63 (34)

On other immunosuppressant therapy only 29 (16) 29 (16)

Age (years), mean (SD) 7.6 (3.5) 7.6 (3.5)

Sex, n (%)

Male 117 (64) 121 (66)

Female 65 (36) 62 (34)

BMI percentile

Median (IQR) 85.0 (64.4–97.2) 84.8 (65.2–96.9)

Underweight (< 5th), n (%) 0 (0) 2 (1)

Healthy (5th–84th), n (%) 91 (50) 90 (49)

Overweight (85th–94th), n (%) 34 (19) 34 (19)

Obese (≥ 95th), n (%) 57 (31) 57 (31)

Prednisolone dose (mg on alternate days), mean (SD) [n] 9.2 (3.8) [109b] 8.8 (3.4) [111b]

Missing, n 0 1

Ethnicity, n (%)

British 118 (65) 115 (63)

Irish 0 (0) 4 (2)

Other white background 12 (7) 5 (3)

African 2 (1) 4 (2)

Other black British background 2 (1) 3 (2)

Indian 11 (6) 10 (5)

Pakistani 12 (7) 14 (8)

Bangladeshi 6 (3) 6 (3)

Sri Lankan 3 (2) 1 (< 1)

Other Asian background 3 (2) 3 (2)

White and black Caribbean 1 (< 1) 2 (1)

White and black African 1 (< 1) 4 (2)

White and Asian 5 (3) 5 (3)

Other mixed background 2 (1) 2 (1)

Chinese 0 (0) 1 (< 1)

Other ethnic group 2 (1) 3 (2)

Not stated 2 (1) 1 (< 1)

Age (years) at diagnosis of nephrotic syndrome,
mean (SD)

4.4 (2.5) 4.6 (2.8)

RESULTS
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TABLE 7 Baseline demographics for all randomised patients (continued )

Demographic

Treatment arm

Prednisolone Placebo

Time (days) from last relapse to randomisation

Median (IQR) 89 (58–138) 91 (61–126)

Minimum, maximum 7, 280 7, 293

Time (days) from second last relapse to randomisation

Median (IQR) 209.5 (148–287) 189 (146–264)

Minimum, maximum 42, 364 36, 365

BMI, body mass index.
a Minimisation variable.
b Not all children are on a background regimen of prednisolone at randomisation.

TABLE 8 Baseline demographics for those who had a URTI (the modified ITT population)

Demographic

Treatment arm

Prednisolone Placebo

Modified ITT analysis population, n 134 137

Background treatment regimen, n (%)a

No long-term treatment 31 (23) 31 (23)

Long-term maintenance prednisolone 40 (30) 34 (25)

On other immunosuppressant therapy plus
long-term maintenance prednisolone therapy

43 (32) 48 (35)

On other immunosuppressant therapy only 20 (15) 24 (17)

Age (years), mean (SD) 7.7 (3.6) 7.5 (3.5)

Sex, n (%)

Male 83 (62) 91 (66)

Female 51 (38) 46 (34)

BMI percentile

Median (IQR) 84.1 (63.7–96.9) 86.4 (68.4–97.0)

Underweight (< 5th), n (%) 0 (0) 0 (0)

Healthy (5th–84th), n (%) 69 (51) 64 (47)

Overweight (85th–94th), n (%) 24 (18) 30 (22)

Obese (≥ 95th), n (%) 41 (31) 43 (31)

Prednisolone dose (mg on alternate days), mean (SD) [n] 9.2 (3.7) [83b] 8.4 (3.1) [81b]

Missing, n 0 1

Ethnicity, n (%)

British 85 (63) 88 (64)

Irish 0 (0) 2 (1)

Other white background 11 (8) 2 (1)

African 1 (1) 3 (2)
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Adherence

Adherence to the trial medication was summarised at each follow-up visit according to the following:

l Did the parent commence their child on trial medication at the time of the URTI?

¢ If yes, what was the number of days to starting medication from the start of the URTI?

l Was the whole 6-day course of trial mediation taken?

¢ If no, how many days were missed?

l Was the 6-day course prematurely discontinued?

Overall adherence for the 12-month trial period is shown in Table 9. In total, trial medication was
commenced at the time of an URTI for 691 of 791 URTIs (87.3%; 85.4% of URTIs in the intervention
arm and 89.2% of URTIs in the placebo arm). There were no differences in rates of adherence for each
3-month period throughout the trial. Reasons for not starting the trial medication at the time of URTI
included the parent/guardian forgetting, medication had not arrived in time and child already relapsed
and/or on treatment for relapse.

TABLE 8 Baseline demographics for those who had a URTI (the modified ITT population) (continued )

Demographic

Treatment arm

Prednisolone Placebo

Other black British background 1 (1) 2 (1)

Indian 9 (7) 7 (5)

Pakistani 9 (7) 9 (7)

Bangladeshi 4 (3) 4 (3)

Sri Lankan 2 (1) 1 (1)

Other Asian background 3 (2) 2 (1)

White and black Caribbean 0 (0) 2 (1)

White and black African 1 (1) 4 (3)

White and Asian 3 (2) 5 (4)

Other mixed background 1 (1) 2 (1)

Other ethnic group 2 (1) 3 (2)

Not stated 2 (1) 1 (1)

Age (years) at diagnosis of nephrotic syndrome,
mean (SD)

4.4 (2.5) 4.4 (2.8)

Time (days) from last relapse to randomisation

Median (IQR) 90 (58–143) 87 (58–126)

Minimum, maximum 14, 280 7, 280

Time (days) from second last relapse to randomisation

Median (IQR) 209.5 (153–287) 189 (146–252)

Minimum, maximum 42, 363 36, 365

BMI, body mass index.
a Minimisation variable.
b Not all children are on a background regimen of prednisolone at randomisation.

Note
Reproduced with permission from Christian et al.37 This is an Open Access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited. The table includes minor additions and formatting changes to the original table.
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Primary outcome

All outcome analyses were carried out on the modified ITT population of 271 children and excluded the
80 children who completed 12 months of follow-up without having had an URTI and the 14 children
who were withdrawn without having had an URTI.

The median time from randomisation to first URTI was 61 (IQR 21–126) days in the intervention arm
and 54 (IQR 23–98) days in the placebo arm. There were 384 URTIs and 82 URRs in the intervention
arm and 407 URTIs and 82 URRs in the placebo arm. One patient in the placebo arm had an URTI,
but no information was provided on whether or not they had a URR and so their data were classed as
missing. Three patients in the intervention arm and five patients in the placebo arm had URTIs but
withdrew before the 12-month follow-up and did not report any URR for any time points for which
they provided data. These patients were excluded from the primary analysis, but were included in a
sensitivity analysis (Table 10).

TABLE 9 Overall adherence to trial medication at the time of an URTI for the 12-month trial period for each URTI

Adherence

Treatment arm

Prednisolone Placebo

Total number of URTI’s reported 384 407

Trial medication commenced at time of URTI?, n (%) 384 407

No 52 (13.5) 42 (10.3)

Yes 328 (85.4) 363 (89.2)

Missing 1 (0.3) 0 (0.0)

Unknowna 3 (0.8) 2 (0.5)

If yes: the number of days to start medication from URTI 326 362

Median (IQR) 0 (0–1) 0 (0–1)

Minimum, maximum 0, 7 0, 6

If yes: was the whole 6-day course of trial medication taken?, n

No 55 50

Yes 272 313

Missing 1 0

If no: how many days missed? 55 50

Median (IQR) 3 (2–4) 2 (1–3)

Minimum, maximum 1, 5 1, 5

Was the 6-day course prematurely discontinued?, n

No 273 319

Yes 54 44

Missing 1 0

a There were five URTIs (three in the prednisolone arm and two in the placebo arm) that were recorded on the
follow-up form, but no additional data on these URTI’s were provided. These have been included as unknown.
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TABLE 10 The number of URRs by treatment arm

Outcome/analysis

Treatment arm Risk difference (95% CI) Risk ratio (95% CI)

p-valuebPrednisolone Placebo Unadjusted Adjusteda Unadjusted Adjusteda

Number of modified ITT patients 134 137

Total number of URTIs 384 407

Number of URRs 82 82

Primary outcome

Number of patients experiencing an URR, n 131 131

No, n (%) 75 (57.3) 73 (55.7) –0.02
(–0.14 to 0.10)

–0.02
(–0.14 to 0.09)

0.97
(0.73 to 1.27)

0.96
(0.74 to 1.26)

0.70

Yes, n (%) 56 (42.7) 58 (44.3)

Sensitivity analyses for primary outcome

Best case (no URR) for prednisolone/worse case
(URR) for placebo, n

134 137

No, n (%) 78 (58.2) 73 (53.3) –0.05
(–0.17 to 0.07)

–0.05
(–0.17 to 0.06)

0.89
(0.68 to 1.17)

0.90
(0.69 to 1.16)

0.35

Yes, n (%) 56 (41.8) 64 (46.7)

Worst case (URR) for prednisolone/best case
(no URR) for placebo, n

134 137

No, n (%) 75 (56.0) 79 (57.7) 0.02
(–0.10 to 0.13)

0.01
(–0.10 to 0.13)

1.04
(0.79 to 1.37)

1.04
(0.80 to 1.36)

0.84

Yes, n (%) 59 (44.0) 58 (42.3)

Sensitivity analysis including the eight participants who
did not complete 12 months’ follow-up who, from the
available data, did not have an URR, n

134 136

No, n (%) 78 (58.2) 78 (57.4) –0.01
(–0.13 to 0.11)

–0.01
(–0.13 to 0.10)

0.98
(0.74 to 1.30)

0.99
(0.75 to 1.30)

0.81

Yes, n (%) 56 (41.8) 58 (42.6)

a Adjusting for the background therapy at baseline.
b The p-value was taken from the adjusted risk difference model.

Notes
Incidence of URR is defined as a relapse within 14 days of the development of an URTI.
A negative risk difference favours the prednisolone arm.
A risk ratio of < 1 favours the prednisolone arm.

R
E
SU

LT
S

N
IH

R
Jo
u
rn
als

Lib
rary

w
w
w
.jo

u
rn
alslib

rary.n
ih
r.ac.u

k

3
8



There was no difference in the proportion of children experiencing an URR between the two arms of the
trial. In the intervention arm, 56 children (42.7%) experienced an URR, compared with 58 children (44.3%)
in the placebo arm. The adjusted risk difference was –0.02 (95% CI –0.14 to 0.09; p = 0.70) and the
adjusted risk ratio was 0.96 (95% CI 0.74 to 1.26). The NNTwith prednisolone to avoid one URR was 42.

There were three predefined subgroup analyses according to background treatment. There was no
evidence that the treatment effect differed when the data were analysed by these subgroups (Table 11).

Secondary outcomes

Rate of upper respiratory tract infection-related relapses
There was no difference in the number of URRs experienced by any one child between the two trial
treatment arms (adjusted incidence rate ratio 0.98, 95% CI 0.72 to 1.33) (Table 12).

Rate of upper respiratory tract infection-related and non-upper respiratory tract
infection-related relapses
There were 216 URRs and non-URRs in 132 children in the prednisolone arm, compared with
237 URRs in 132 children in the placebo arm. There was no difference in the proportion of children
experiencing any relapse between the two arms of the trial. In the intervention arm, 91 children
(68.9%) experienced a relapse, compared with 98 children (74.2%) in the placebo arm. The adjusted
risk difference was –0.05 (95% CI –0.16 to 0.06; p = 0.33) (Table 13).

The overall number of relapses per child varied between zero and nine over the 12-month trial. There
was no difference in the overall rate of relapses between the two trial arms (Table 14).

TABLE 11 Upper respiratory tract infection-related relapses for each arm of the trial by background treatment at the
start of the trial

Subgroup

Treatment arm, n/N (%)

Interaction
p-value

Risk ratio
(95% CI)

Prednisolone
(N= 131)

Placebo
(N= 131)

Background treatment

No long-term treatment 19/31 (61) 16/29 (55) 0.85 1.11 (0.72 to 1.71)

Long-term maintenance prednisolone 16/39 (41) 15/31 (48) 0.85 (0.50 to 1.43)

On other immunosuppressant therapy only 7/20 (35) 8/23 (35) 1.01 (0.44 to 2.28)

On other immunosuppressant therapy plus
long-term maintenance prednisolone
therapy

14/41 (34) 19/48 (40) 0.86 (0.50 to 1.50)

On background prednisolone

No 26/51 (51) 24/52 (46) 0.38 1.09 (0.74 to 1.59)

Yes 30/80 (38) 34/79 (43) 0.85 (0.58 to 1.25)

On background immunosuppressants

No 35/70 (50) 31/60 (52) 0.73 1.00 (0.71 to 1.39)

Yes 21/61 (34) 27/71 (38) 0.90 (0.57 to 1.43)

Note
A risk ratio < 1 favours the prednisolone arm.
Adjusting for the background therapy at baseline and including a treatment by subgroup interaction variable in
the model.
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TABLE 12 Number of URRs by treatment arm

URR

Treatment arm Rate ratio (95% CI)

p-valuebPrednisolone Placebo Unadjusted Adjusteda

Number of modified
ITT patients

134 137

Number of patients
by URR rate, n

134 136

Zero, n (%) 78 (58.2) 78 (57.4) 0.99 (0.73 to 1.34) 0.98 (0.72 to 1.33) 0.88

One, n (%) 36 (26.9) 41 (30.1)

Two, n (%) 15 (11.2) 10 (7.4)

Three, n (%) 4 (3.0) 7 (5.1)

Four, n (%) 1 (0.8) 0 (0)

Number of URRs

Median (IQR) 0 (0–1) 0 (0–1)

Range 0–4 0–3

Number of URRs when excluding children who did not relapse

Median (IQR) 1 (1–2) 1 (1–2)

Range 1–4 1–3

a Adjusting for the background therapy at baseline. An offset was included in both the unadjusted and adjusted model.
b The p-value was taken from the adjusted model.

Note
A rate ratio of < 1 favours the prednisolone arm.

TABLE 13 Overall rate of relapses (both URTI related and non-URTI related) by treatment arm

Overall relapses

Treatment arm Risk difference (95% CI) Risk ratio (95% CI)

p-valuebPrednisolone Placebo Unadjusted Adjusteda Unadjusted Adjusteda

Number of modified
ITT patients

134 137

Number of relapses 216 237

Patients experiencing
any relapse, n

132 132 –0.05
(–0.16 to
0.06)

–0.05
(–0.16 to
0.05)

0.93
(0.80 to
1.08)

0.93
(0.80 to
1.09)

0.33

No, n (%) 41 (31.1) 34 (25.8)

Yes, n (%) 91 (68.9) 98 (74.2)

a Adjusting for the background therapy at baseline.
b The p-value was taken from the adjusted risk difference model.

Notes
One patient in the placebo arm had an URTI, but no information was provided on whether or not they had an URR and
so they are classed as missing and not included in the analysis.
Two patients in the prednisolone arm and four patients in the placebo arm had URTIs and so are included in the
modified ITT population, but they withdrew before the 12-month follow-up and did not report an URR or an non-URR
for any time points where they provided data. These patients were excluded from the above analysis, but were
included in a sensitivity analysis (adjusted risk difference –0.04, 95% CI –0.15 to 0.07).
A negative risk difference favours the prednisolone arm.
A risk ratio of < 1 favours the prednisolone arm.
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Escalation and reduction in background therapy
Background treatment regime was categorised into the following four categories: (1) no long-term
alternate-day prednisolone or other long-term immunosuppressive therapies, (2) on long-term
alternate-day prednisolone only, (3) on both long-term alternate-day prednisolone and other long-term
immunosuppressive therapies and (4) on other long-term immunosuppressive therapies only.

The background treatment regime and second-line immunosuppressant information was used in the
following way to calculate escalation/reduction of background immunosuppressant therapy.

Escalation was computed based on the following criteria:

l If a child was in category 1 of the background treatment regime at the previous visit and then at a
following time point was in category 2, 3 or 4 of the background treatment regime, then this was
considered an escalation.

l If a child was in category 2 of the background treatment regime at the previous visit and then at a
following time point was in category 3 or 4 of the background treatment regime, then this was
considered an escalation.

l If a child was in category 4 of the background treatment regime at the previous visit and then
at a following time point was in category 3 of the background treatment regime, then this was
considered an escalation.

l If a child was not on cyclophosphamide or rituximab at the previous visit but was then given
cyclophosphamide or rituximab at the following time point, then this was considered an escalation.

TABLE 14 Overall rate of relapses by treatment arm

Overall relapse rate

Treatment arm Rate ratio (95% CI)

p-valuebPrednisolone Placebo Unadjusted Adjusteda

Number of modified ITT patients 134 137

Number of patients by relapse
rate

134 136

Zero, n (%) 43 (32.1) 38 (27.9) 0.90 (0.75 to 1.08) 0.89 (0.74 to 1.07) 0.23

One, n (%) 28 (20.9) 39 (28.7)

Two, n (%) 24 (17.9) 24 (17.7)

Three, n (%) 22 (16.4) 11 (8.1)

Four, n (%) 11 (8.2) 14 (10.3)

Five, n (%) 6 (4.5) 5 (3.7)

Six, n (%) 0 (0) 2 (1.5)

Seven, n (%) 0 (0) 1 (0.7)

Eight, n (%) 0 (0) 1 (0.7)

Nine, n (%) 0 (0) 1 (0.7)

Number of relapses

Median (IQR) 1 (0–3) 1 (0–3)

Range 0–5 0–9

Number of relapses when excluding children who did not relapse

Median (IQR) 2 (1–3) 2 (1–3)

Range 1–5 1–9

a Adjusting for the background therapy at baseline. An offset was included in both the unadjusted and adjusted model.
b p-value taken from the adjusted risk difference model.
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l If a child had an addition of any immunosuppressant (e.g. addition of ciclosporin) in between
follow-up visits, then this was considered an escalation.

l If a child had a change in medication from levamisole to one of tacrolimus, ciclosporin or
mycophenolate, then this was considered an escalation.

Reduction was computed based on the following criteria:

l If a child was in category 3 of the background treatment regime at the previous visit and then at a
following time point was in category 4, 2 or 1 of the background treatment regime, then this was
considered a reduction.

l If a child was in category 4 of the background treatment regime at the previous visit and then at a
following time point was in category 2 or 1 of the background treatment regime, then this was
considered a reduction.

l If a child was in category 2 of the background treatment regime at the previous visit and then
at a following time point was in category 1 of the background treatment regime, then this was
considered a reduction.

l If a child was on an immunosuppressant (except cyclophosphamide or rituximab) at one time point
but was no longer on it at the following time point, then this was considered a reduction.

There were no significant differences in the incidence of escalation or reduction in background therapy
between the arms of the trial (Table 15). Background treatment was escalated on at least one occasion in
58 patients (44.6%) in the prednisolone arm compared with 57 patients (44.5%) in the placebo arm (p= 0.96).

TABLE 15 Incidence of escalation and reduction by treatment arm

Incidence of
escalation and
reduction

Treatment arm Risk difference (95% CI) Risk ratio (95% CI)

p-valuebPrednisolone Placebo Unadjusted Adjusteda Unadjusted Adjusteda

Number of modified
ITT patients

134 137

Escalation of background immunosuppressant therapy

Number of patients
having an escalation

130 128 0.00
(–0.12 to 0.12)

–0.00
(–0.12 to 0.12)

1.00
(0.76 to 1.32)

0.98
(0.75 to 1.29)

0.96

No, n (%) 72 (55.4) 71 (55.5)

Yes, n (%) 58 (44.6) 57 (44.5)

Reduction of background immunosuppressant therapy

Number of patients
having a reduction

128 129 –0.05
(–0.17 to 0.07)

–0.04
(–0.15 to 0.06)

0.89
(0.68 to 1.17)

0.91
(0.71 to 1.16)

0.42

No, n (%) 73 (57.0) 67 (51.9)

Yes, n (%) 55 (43.0) 62 (48.1)

a Adjusting for the background therapy at baseline.
b The p-value was taken from the adjusted risk difference model.

Notes
Escalation: four patients in the prednisolone arm and nine patients in the placebo arm had URTIs, but withdrew before
the 12-month follow-up and did not have an escalation reported at any time points for which they provided data.
These patients were excluded from the above analysis, but were included in a sensitivity analysis (adjusted risk
difference 0.01, 95% CI –0.10 to 0.13).
Reduction: six patients in the prednisolone arm and eight patients in the placebo arm had URTIs, but withdrew before
the 12-month follow-up and did not have a reduction reported at any time points for which they provided data. These
patients were excluded from the above analysis, but were included in a sensitivity analysis (adjusted risk difference
–0.04, 95% CI –0.14 to 0.06).
For escalation outcome: a negative risk difference favours the prednisolone arm and a risk ratio of < 1 favours the
prednisolone arm.
For reduction outcome: a negative risk difference favours the placebo arm and a risk ratio of < 1 favours the placebo arm.
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Fifty-five patients (43.0%) in the prednisolone arm had at least one treatment reduction during the trial,
compared with 62 patients (48.1%) in the placebo arm (p = 0.42).

Cumulative dose of prednisolone over the 12-month trial period
Over the 12-month trial period, the median cumulative dose of prednisolone received was 2060 mg
(IQR 1127.5–3355 mg) for children in the prednisolone arm and 1880 mg (IQR 1115–3295 mg) in the
placebo arm (Table 16). There was no significant difference in these cumulative doses between the trial
arms (unadjusted difference between medians 180 mg, 95% CI –302 to 662 mg; p = 0.72 from a
Wilcoxon rank-sum test).

There were 13 children in the placebo who received no prednisolone during the trial. None of these
children experienced a relapse.

Incidence of serious adverse events
There were 93 SAEs reported in 60 children (60/271, 22%). There were no SUSARs or deaths (Table 17).

The most common reason for a SAE was an admission directly due to a relapse of SSNS. The second
most common SAE was an admission for another reason, such as the development of chickenpox.

Incidence of adverse effects of prednisolone
The incidence of specific corticosteroid AEs by treatment arm was as expected (Table 18).

TABLE 16 Cumulative prednisolone dose by treatment arm

Cumulative
prednisolone
dose (mg)

Treatment arm Difference (95% CI)

p-valuePrednisolone Placebo Unadjusted

Number of
modified ITT
patients

134 137

n 126 125

Mean (SD) 2371.9 (1669.0) 2481.2 (2190.6)

Median (IQR) 2060 (1127.5–3355) 1880 (1115–3295) 180 (–301.83 to 661.83) 0.72a

Range 60–7155 0–13185

a p-value taken from non-parametric method (Wilcoxon rank-sum test).

Notes
A negative mean difference favours the prednisolone arm.
n refers to the number in each arm with available data to report.

TABLE 17 Number of SAEs by treatment arm

SAE

Treatment arm

p-valuePrednisolone Placebo

Total number of SAEs 40 53

Number of patients experiencing at least one SAE 29/134 (21.6%) 31/137 (22.6%) 0.85

Number of SUSARs 0 0

Number of deaths 0 0
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Achenbach Child Behaviour Checklist
There were no differences in behaviour scores for either the T-score or total score between each arm
of the trial (Table 19). The ACBC T-scores and total scores were, on average, 1 point and 1.4 points
lower in the prednisolone arm than in the placebo arm.

Quality-of-life measures
Quality of life, as measured using the PedsQL questionnaire, was recorded at each trial visit. Small
differences in scores were seen favouring the prednisolone arm. The physical health summary score
was, on average, 2.8 points better, psychosocial health summary score was 0.98 points better and total
score was 1.5 points better with prednisolone than placebo. These differences are not considered
clinically meaningful and they did not reach statistical significance (Table 20).

TABLE 18 Incidence of specific AEs at any time point by treatment arm

AE

Treatment arm

p-valuePrednisolone Placebo

n 134 137

Cushingoid facies, n (%) 41 (30.6) 41 (29.9) 0.90

Striae, n (%) 9 (6.7) 8 (5.8) 0.77

Hypertrichosis, n (%) 16 (11.9) 18 (13.1) 0.77

Acne, n (%) 12 (9) 11 (8) 0.78

Increased appetite, n (%) 68 (50.7) 80 (58.4) 0.21

Poor behaviour, n (%) 60 (44.8) 74 (54) 0.13

Glycosuria, n (%) 11 (8.2) 8 (5.8) 0.45

Abdominal pain, n (%) 35 (26.1) 33 (24.1) 0.70

Reproduced with permission from Christian et al.37 This is an Open Access article distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited. The table includes minor additions and formatting changes to the original table.

TABLE 19 Achenbach Child Behaviour Checklist scores by treatment arm

ACBC scores

Treatment arm
Adjusteda mean difference
(95% CI); p-value

Treatment-by-time
interaction p-valuePrednisolone Placebo

Total problems T-score

Baseline –1.02 (–2.91 to 0.86); 0.29 0.11

n 131 131

Mean (SD) 50.2 (13.3) 50.9 (13.6)

3 months

n 127 133

Mean (SD) 48 (13.7) 49.7 (14.2)

RESULTS
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TABLE 19 Achenbach Child Behaviour Checklist scores by treatment arm (continued )

ACBC scores

Treatment arm
Adjusteda mean difference
(95% CI); p-value

Treatment-by-time
interaction p-valuePrednisolone Placebo

6 months

n 117 123

Mean (SD) 47.4 (13.5) 48.1 (13.9)

9 months

n 121 115

Mean (SD) 45.8 (13.8) 46.4 (13.2)

12 months

n 118 121

Mean (SD) 45 (12.9) 47.8 (14.4)

Total problems total score

Baseline –1.43 (–5.00 to 2.14); 0.43 0.05

n 131 132

Mean (SD) 30.2 (27.5) 31.5 (26.6)

3 months

n 127 133

Mean (SD) 26.8 (28) 29.7 (29.5)

6 months

n 119 124

Mean (SD) 24.9 (25.7) 26.5 (26.9)

9 months

n 122 115

Mean (SD) 23.1 (24.6) 23.1 (24)

12 months

n 119 121

Mean (SD) 20.7 (22.6) 26.1 (29.7)

a Adjusting for the background therapy at baseline and baseline value.

Notes
A higher ACBC score indicates poorer behaviour.
A negative mean difference favours the prednisolone arm.
Reproduced with permission from Christian et al.37 This is an Open Access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited. The table includes minor additions and formatting changes to the
original table.
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TABLE 20 Pediatric Quality of Life Inventory quality-of-life scores for each trial visit by treatment arm

PedsQL scores

Treatment arm
Adjusteda mean difference
(95% CI); p-value

Treatment-by-time
interaction p-valuePrednisolone Placebo

Physical health summary score

Baseline 2.77 (–0.27 to 5.80); 0.07 0.85

n 133 135

Mean (SD) 83.5 (20.2) 84.3 (16.9)

3 months

n 131 132

Mean (SD) 84.2 (19) 79.9 (20.8)

6 months

n 124 124

Mean (SD) 84.5 (19) 83.5 (17.7)

9 months

n 125 117

Mean (SD) 85.5 (18.2) 83.9 (19.9)

12 months

n 124 124

Mean (SD) 85.6 (18.6) 82.2 (20.7)

Psychosocial health summary score

Baseline 0.98 (–1.40 to 3.36); 0.42 0.95

n 133 135

Mean (SD) 81 (16.8) 79.4 (15.5)

3 months

n 131 132

Mean (SD) 81.8 (15.8) 78.3 (15.2)

6 months

n 124 124

Mean (SD) 82.1 (16.4) 81.5 (14.8)

9 months

n 125 117

Mean (SD) 83.4 (15.3) 82.4 (14.6)

12 months

n 124 124

Mean (SD) 84.8 (16) 81.7 (16.3)

Total score

Baseline 1.52 (–0.83 to 3.87); 0.20 0.98

n 133 135

Mean (SD) 81.9 (16.5) 81.2 (14.5)

RESULTS
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TABLE 20 Pediatric Quality of Life Inventory quality-of-life scores for each trial visit by treatment arm (continued )

PedsQL scores

Treatment arm
Adjusteda mean difference
(95% CI); p-value

Treatment-by-time
interaction p-valuePrednisolone Placebo

3 months

n 131 132

Mean (SD) 82.7 (15.4) 78.9 (15.9)

6 months

n 124 124

Mean (SD) 83 (16.2) 82.2 (14)

9 months

n 125 117

Mean (SD) 84.2 (15) 82.9 (15.5)

12 months

n 124 124

Mean (SD) 85.1 (15.3) 81.9 (16.9)

a Adjusting for the background therapy at baseline and baseline value.

Notes
PedsQL domain scores: 0 =worst and 100 = best.
A positive mean difference favours the prednisolone arm.
Reproduced with permission from Christian et al.37 This is an Open Access article distributed under the terms of the
Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original author and source are credited. The table includes minor additions and formatting changes to the
original table.
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Chapter 4 Economic analysis
and evaluation

Introduction

The economic evaluation was undertaken alongside the PREDNOS2 trial to estimate the cost-
effectiveness of a short course of daily prednisolone therapy at the time of URTI compared
with usual care (use of placebo) for treating children with SSNS. The primary evaluation was a
model-based cost–utility analysis, with the outcome measured in terms of QALYs.

Aim

The aim was to estimate the cost-effectiveness of a 6-day course of daily prednisolone given early in
the course of an URTI compared with standard care in treating children with relapsing SSNS.

Methods

A model-based economic evaluation in the form of a cost–utility analysis based on the outcome of cost
per QALY was performed alongside the PREDNOS2 trial. The analysis assessed the difference in costs
and difference in QALYs from a NHS perspective. An ITT analysis was adopted, as the economic
evaluation was conducted alongside the clinical trial. Two different time horizons were considered:
(1) the primary analysis assessed the cost-effectiveness at 1 year and (2) the secondary analysis extrapolated
the results over 16 years (when the model cohort reached 18 years). Although a societal perspective
was considered, this was not feasible within the resource constraints of the trial.

Participants and data collection
The model included 271 children aged from 1 to 17 years randomised within the trial who had
experienced at least one URTI during the 12-month follow-up period. Data on both resource use and
outcomes were collected within the study using case report forms. To calculate the overall cost of the
treatment, resource use data were multiplied by relevant unit costs. Quality of life (i.e. HRQoL) was
measured using the CHU-9D,25 PedsQL26 and EQ-5D instruments,38 depending on the age of the
participants. HRQoL and cost data were collected at baseline and then at 3, 6, 9 and 12 months.

Economic model
A decision-analytic model was developed to estimate the incremental cost and incremental QALYs from
administering a 6-day course of prednisolone therapy at the time of an URTI compared with standard
care. The time horizon for the primary analysis was 12 months, based on the follow-up period of the
PREDNOS2 trial. According to the trial follow-up data, children frequently changed their background
therapy throughout the 12-month period, which had an impact on the costs and HRQoL. A decision-
analytic model was, therefore, deemed the most appropriate method to capture these changes in
background therapy in a way that a typical trial-based analysis following a regression framework could
not. Therefore, it was decided to develop a state transition Markov cohort model using TreeAge Pro
(TreeAge Software, Inc., Williamstown, MA, USA). Markov models are especially useful for handling
multiple treatment consequences on both costs and health outcomes concomitantly.39 In addition, they
are ideally suited to model chronic conditions with fluctuating severity, while taking into account the
repetitive nature of events.39 All model parameters came from the trial data.
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Model structure
The model structure was based on the treatment pathways that patients followed in the trial and was
informed by clinical input. At the 1-year time point, the inclusion of death was not considered appropriate,
as the intervention did not cause death and the likelihood of death from natural causes was minimal
because of the age of the patients. Although SSNS is not considered a fatal disease, all-cause mortality
was incorporated into the extrapolated model to account for deaths by other causes, and mortality
tables were retrieved from the Office for National Statistics.40 Figure 6 presents the clinical pathways
that patients followed in the PREDNOS2 trial. This was the same for both treatment arms.

Patients in both the daily prednisolone and standard-care arms were initially allocated into one of the
following four health states (groups 1–4), based on their background therapy:

1. patients on no long-term immunosuppressive therapy
2. patients receiving long-term maintenance prednisolone therapy only
3. patients receiving long-term maintenance prednisolone therapy in conjunction with other

immunosuppressive therapies
4. patients receiving long-term immunosuppressive therapy only.

The clinical pathway within each background therapy group follows the same structure. After allocation
to a background therapy group, the patient will have an URTI and move to ‘SSNS relapse’ (i.e. URR),
move to ‘SSNS relapse’ without prior URTI (i.e. non-URR) or remain ‘relapse free’. From the ‘SSNS relapse’
state the patient will either move to ‘hospitalisation after relapse’ or ‘no hospitalisation after relapse’.
From either of these three states (i.e. ‘hospitalisation after relapse’, ‘no hospitalisation after relapse’
and ‘relapse free’), patients will either remain on the current background therapy or change to a new
background therapy at the end of the model cycle.

Background
therapy

URTI

SSNS relapse

URTI free

Relapse free

Hospitalisation
after relapse

Background therapy

No hospitalisation
after relapse

Relapse free

Remain in
background

therapy group

Change
background

therapy group

FIGURE 6 Treatment pathways for the daily prednisolone and standard-care arms in the Markov model.
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The model made a direct comparison between two treatment strategies at the time a patient develops
URTI symptoms: (1) administering a course of daily prednisolone for 6 days and (2) no change to
ongoing therapy (with the use of placebo tablets to maintain blinding).

Time cycle
The model adopted a 2-week time cycle, as this represents a clinically meaningful transition period
between the health states. A 2-week cycle length was chosen based on the definition of an URR,
which can occur within 14 days of the URTI diagnosis. Every patient in the PREDNOS2 trial had
experienced at least one URTI within 12 months. A half-cycle correction was applied to costs and QALYs.

The mean costs and utility weights, as well as transition probabilities, were derived from the trial data
and used to define the model parameters. QALYs were incorporated into the model by multiplying the
mean utility value for each health state with the 2-week cycle length, expressed as a fraction of a year.
In the primary analysis, treatment costs and effects were estimated for 12 months (i.e. 24 model cycles).

As part of the secondary analysis, the long-standing treatment effects were observed by varying the
time horizon of the analysis beyond the trial follow-up period of 12 months and up to age 18 years.
For extrapolating the findings, a starting age of 2 years was assumed for the model cohort and then
the model was run for 16 years (384 model cycles). The extrapolation period up to age 18 years was
deemed appropriate because of the paediatric nature of the disease and the low rates of SSNS relapses
among adults. Costs and benefits were discounted at the standard rate (3.5%).

Model assumptions
The following set of model assumptions were applied based on the standard treatment protocol and
clinical expert input. The assumptions used for the 1-year time horizon were maintained for the
16-year time horizon. The only additional assumption that was required for the 16-year time horizon
was the probability of death from other causes:

l Patients can experience only one URTI and/or one relapse in any one model cycle (2 weeks).
l Patients can move between background therapy groups based on clinical decisions according to the

number of relapses experienced over the last 3 months. Patients can change to a new background
therapy every 3 months (six cycles) only and not more frequently.

l Patients can move to background therapy group 1 from any other group if they are relapse free.
l The allocation of patients into background therapy groups on randomisation was assumed to be the

same for the two treatment arms.
l Patients are administered the study drug (daily prednisolone) when they experience an URTI. Daily

placebo was used for masking and it was assigned a zero cost in the model.
l For hospital-related costs, if the hospital visit/admission was related to a relapse, this cost was assigned

to the ‘hospitalisation after relapse’ health state and a weighted average applied from a combination of
A&E visits, outpatient visits and hospital admissions. If the hospital costs were unrelated to a relapse,
then, within the model, this was assumed to have happened because of any other reason and was
assigned as a general mean cost applied to each respective background therapy group.

l For costs associated with primary care visits, data were not collected on the precise reason for the
visit (e.g. if relapse related or not) and were, therefore, assumed to have happened for any reason
and applied as a general mean cost to each respective background therapy group.

l Medication costs from background therapy and other prescribed medication were assigned as mean
general costs to each therapy group.

l For costs associated with prednisolone intake (over and above the study drug), these were presented
as cumulative doses. Costs associated with taking prednisolone as background therapy were assigned
to groups 2 and 3. For groups 1 and 4, any extra prednisolone costs were applied to the ‘SSNS relapse’
health state on the assumption that prednisolone was required for treating a relapse.

l Each background therapy group was assigned a general mean utility score of patients who have
been in the group without having a relapse.
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l A utility decrement was then applied to the SSNS relapse state as the disutility as a consequence of
having a relapse.

l The same disutility and hospitalisation costs were applied in the SSNS relapse state regardless of
whether or not an URTI had preceded.

l The probability of being hospitalised after an SSNS relapse was the same regardless of whether or
not an URTI had preceded.

l In the secondary (16-year) analysis, death from other causes was added to the model based on
Office for National Statistics data.

Model parameters
All costs, utility parameters and transition probabilities are summarised in Tables 21–23, respectively.

Resource use and costs
The cost analysis adopted a UK health sector (NHS) perspective. Resource use data were collected at
3, 6, 9 and 12 months using case report forms within the trial. The resource use collected include
primary care, hospital admissions, outpatient care, emergency visits and any prescribed medication.
All costs are reported in 2019 prices in GBP.

Staff costs were calculated using nationally recognised reference costs.41 For hospital admissions,
episodes with ≤ 5 bed-days were within what is known as a ‘trim point’ and were priced at a flat rate.
Admission episodes with > 5 bed-days first incurred the trim-point flat rate, and then the excess
bed-days were priced per additional bed-day at a ‘regular day rate’. A 5-day admission episode, which
is the maximum expected length of stay for nephrotic syndrome in the UK, was assumed for cases in
which the admission date was recorded but the discharge date was unavailable. Zero bed-stays, when
the patient was discharged within 24 hours, incurred one regular day-rate tariff. For outpatient care,
different unit costs were used for consultant- and non-consultant-led visits. The costs of resources used
were estimated as the product of the resource use and its unit cost. Only renal-related admissions and
visits were considered for the economic analysis. For missing information, the cause of admission was
not assumed to be renal aetiology. The unit costs of the hospital-related services were derived from the
NHS National Schedule of Reference Costs 2018/19.42

TABLE 21 Unit costs used in the analysis

Health-care resource use Unit cost (£) Source

Primary care resource use

GP consultation (9.22 minutes) 39.20 Unit Costs of Health and Social Care 201941

Practice nurse consultation (band 5 staff) 9.55 Unit Costs of Health and Social Care 201941

Other staff (band 4 staff) 7.49 Unit Costs of Health and Social Care 201941

Secondary care resource use

Renal emergency visit (non-elective) 553.00 NHS National Schedule of Reference Costs 2018/1942

Renal elective admission (flat rate) 1285.00 NHS National Schedule of Reference Costs 2018/1942

Renal elective beyond trim point
(per day/regular day tariff)

331.00 NHS National Schedule of Reference Costs 2018/1942

Paediatric outpatient (consultant led) 232.00 NHS National Schedule of Reference Costs 2018/1942

Paediatric outpatient (non-consultant led) 139.00 NHS National Schedule of Reference Costs 2018/1942

Medication costs

Background therapy Patient specific BNF for Children (Online)43 and the PREDNOS2 trial

Other prescribed medication Patient specific BNF for Children (Online)43 and the PREDNOS2 trial
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TABLE 22 Health state costs and utilities used in the base-case model

Health state cost Mean (SE) Distribution Source of estimates

Mean cost of health care (£)

Group 1 84.74 (11.13) Gamma PREDNOS2 trial

Group 2 94.48 (19.95)

Group 3 128.21 (17.56)

Group 4 147.32 (23.36)

Hospitalisation after relapse

A&E visits 691.25 (40.70)

Hospital admissions 1411.86 (202.05)

Outpatient visits 241.68 (8.96)

Mean cost of medication (£)

Group 1 47.73 (7.04) Gamma PREDNOS2 trial

Group 2 49.39 (8.90)

Group 3 214.03 (18.45)

Group 4 208.23 (24.00)

URTI (daily prednisolone)

Group 1 1.21 (0.08)

Group 2 1.22 (0.07)

Group 3 1.04 (0.07)

Group 4 1.56 (0.15)

Relapse

Group 1 20.98 (1.33)

Group 4 21.41 (1.84)

Utilities

Group 1 0.9468 (0.0052) Beta PREDNOS2 trial

Group 2 0.9419 (0.0050)

Group 3 0.9432 (0.0042)

Group 4 0.9365 (0.0062)

Disutility relapse 0.01 (0.018)

SE, standard error.

TABLE 23 Probability parameters used in the model

Transition probability parameter Probability Distribution (parameters)

Daily prednisolone

Group 1 (general state) to URTI 0.150 Beta(129,729)

URTI to (URTI-related) SSNS relapse in group 1 0.279 Beta(36,93)

Group 1 (general state) to (non-URR) SSNS relapse 0.063 Beta(46,683)

SSNS relapse to hospitalisation in group 1 0.462 Beta(22.97,26.75)

Group 2 (general state) to URTI 0.117 Beta(86,646)

URTI to (URTI-related) SSNS relapse in group 2 0.186 Beta(16,70)

continued
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TABLE 23 Probability parameters used in the model (continued )

Transition probability parameter Probability Distribution (parameters)

Group 2 (general state) to (non-URR) SSNS relapse 0.053 Beta(34,612)

SSNS relapse to hospitalisation in group 2 0.189 Beta(9.38,40.28)

Group 3 (general state) to URTI 0.110 Beta(104,844)

URTI to (URTI-related) SSNS relapse in group 3 0.202 Beta(21,83)

Group 3 (general state) to (non-URR) SSNS relapse 0.037 Beta(31,813)

SSNS relapse to hospitalisation in group 3 0.165 Beta(17.37,87.93)

Group 4 (general state) to URTI 0.111 Beta(65,523)

URTI to (URTI-related) SSNS relapse in group 4 0.138 Beta(9,56)

Group 4 (general state) to (non-URR) SSNS relapse 0.044 Beta(23,500)

SSNS relapse to hospitalisation in group 4 0.102 Beta(6.72,59.18)

Group 1 to group 2 0.064 Dirichlet(121;9;5;6)

Group 1 to group 3 0.035

Group 1 to group 4 0.043

Group 2 to group 1 0.149 Dirichlet(89;18;10;4)

Group 2 to group 3 0.083

Group 2 to group 4 0.033

Group 3 to group 1 0.032 Dirichlet(130;5;3;18)

Group 3 to group 2 0.019

Group 3 to group 4 0.115

Group 4 to group 1 0.103 Dirichlet(76;10;1;10)

Group 4 to group 2 0.010

Group 4 to group 3 0.103

Placebo

Group 1 (general state) to URTI 0.140 Beta(106,650)

URTI to (URTI-related) SSNS relapse in group 1 0.264 Beta(28,78)

Group 1 (general state) to (non-URR) SSNS relapse 0.060 Beta(39,611)

SSNS relapse to hospitalisation in group 1 0.333 Beta(25.99,52)

Group 2 (general state) to URTI 0.139 Beta(92,568)

URTI to (URTI-related) SSNS relapse in group 2 0.141 Beta(13,79)

Group 2 (general state) to (non-URR) SSNS relapse 0.056 Beta(32,536)

SSNS relapse to hospitalisation in group 2 0.227 Beta(12.03,40.97)

Group 3 (general state) to URTI 0.124 Beta(120,846)

URTI to (URTI-related) SSNS relapse in group 3 0.158 Beta(19,101)

Group 3 (general state) to (non-URR) SSNS relapse 0.059 Beta(50,796)

SSNS relapse to hospitalisation in group 3 0.211 Beta(11.83,44.25)

Group 4 (general state) to URTI 0.122 Beta(89,643)

URTI to (URTI-related) SSNS relapse in group 4 0.247 Beta(22,67)

Group 4 (general state) to (non-URR) SSNS relapse 0.053 Beta(34,609)
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Serious adverse events required either outpatient or inpatient hospital care. Therefore, to avoid
double-counting, SAEs were not costed separately and, instead, were assumed to be captured within
the inpatient and outpatient hospital care data.

All drug unit costs were estimated using the BNF for Children (Online).43 Treatment costs included
prednisolone (as the study medicine and as a background therapy, or for treating relapses),
immunosuppressants and any other prescribed medication. With regard to the other prescribed
medication, these were classified into 36 groups and a mean unit cost was attached to groups with
more than one drug. Owing to the large discrepancies, missing and non-specific information within
prescription data, the most common dose was assumed for each group. This microcosting approach
was considered important because the treatment of SSNS is associated with medications that have
high daily costs. Non-prescribed or over-the-counter medications were not included in the economic
evaluation, as these costs fall outside the health-care perspective for the analysis. All unit costs used in
the analysis are presented in Table 21.

A total mean cost of health-care resource use and medication was applied to each therapy group in the
model. This included primary care costs, secondary care costs from episodes that were not reported as
related to a relapse and medication costs. For secondary care visits/admissions that were related to a
relapse, the average cost was applied as a transition cost to the ‘hospitalisation after relapse’ state.
In the therapy groups for which there was no maintenance prednisolone therapy (i.e. groups 1 and 4),
any extra prednisolone cost was applied to the relapse state. Table 22 presents the total mean cost for
each therapy group and state transition costs. As recommended by the National Institute for Health
Care Excellence, a discount rate of 3.5% was applied to both costs and utilities when a model time
horizon beyond 1 year was used.44

Quality of life
The primary economic outcome measure was QALYs, estimated from utility values. For the utility,
three different instruments were used: (1) the non-preference-based PedsQL Generic Core Scale,
(2) the preference-based CHU-9D questionnaire and (3) the generic EQ-5D instrument [EuroQol-5
Dimensions, three-level version (EQ-5D-3L)]. The PedsQL and the CHU-9D questionnaires (for children
aged ≥ 5 years) were proxy completed by parents or guardians at the relevant time points within the trial.

TABLE 23 Probability parameters used in the model (continued )

Transition probability parameter Probability Distribution (parameters)

SSNS relapse to hospitalisation in group 4 0.213 Beta(11.17,41.28)

Group 1 to group 2 0.112 Dirichlet(98;14;6;7)

Group 1 to group 3 0.048

Group 1 to group 4 0.056

Group 2 to group 1 0.167 Dirichlet(83;18;5;2)

Group 2 to group 3 0.046

Group 2 to group 4 0.019

Group 3 to group 1 0.013 Dirichlet(128;2;3;27)

Group 3 to group 2 0.019

Group 3 to group 4 0.169

Group 4 to group 1 0.051 Dirichlet(101;6;1;9)

Group 4 to group 2 0.009

Group 4 to group 3 0.077
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In the base-case analysis, three approaches were used to estimate the utility values depending on the
age of the patients at the time of completion. For patients aged between 2 and 4 years, a crosswalk/
mapping technique was applied to generate utility values using the responses to the PedsQL questionnaire.27

Although the PedsQL is a validated measure of HRQoL, it is not preference based and, therefore, not
suitable for deriving utility weights. Therefore, a mapping technique was used to estimate CHU-9D
scores from the patients’ responses to the PedsQL.27 For patients aged between 5 and 17 years, utility
values were estimated directly using the proxy responses to the CHU-9D instrument and from applying
the UK value set. For older participants (aged 18 years at the time of completion), the EQ-5D-3L
instrument was used.

Utility values for each therapy group were calculated by averaging the utility values obtained from
each participant in the respective therapy group who was relapse free at any given time. A utility
decrement was applied to those patients who experienced a SSNS relapse, regardless of whether or
not an URTI had preceded the relapse (i.e. the disutility was applied to both URRs and non-URRs). The
level of disutility applied was calculated by subtracting the utility value of patients who experienced
a relapse from the utility value of those who remained relapse free at any given time. QALYs were
then estimated in the model by multiplying the utility values with the time spent in the health state.
The state-specific utility values used in the model are presented in Table 22. As part of a sensitivity
analysis, additional scenarios were explored to assess how uncertain the results were to assumptions
made within the HRQoL estimation. Full details are presented in the following sections.

Transition probabilities
The PREDNOS2 trial data were used to determine the transition probabilities for movement between
the health states within the model. All patients recruited to the trial were diagnosed with relapsing
SSNS. The proportion of patients in each therapy group was determined by their initial background
therapy on randomisation. For each arm of the trial, the movements of all patients between therapy
groups for every time cycle were determined to derive the transition probability for each model
cycle. The probability of changing therapy group was time dependent, as a decision about whether
to change or continue with existing background therapy was made every 3 months in the trial. This
decision was based on a clinical assessment of the patient’s overall condition. Therefore, a transition
probability to a different therapy group was applied every sixth cycle and this probability was zero for
all intermediate cycles. Transitions to therapy group 1 from each of the other groups could happen only
if the patient was relapse free.

Within each therapy group, transition probabilities were calculated by dividing the number of
transitions to each health state by the number of transitions to the previous health state. The clinical
definitions of an URR (i.e. a relapse following an URTI) and a non-URR (i.e. a relapse without prior
URTI) were used to differentiate between the two types of SSNS relapses. For example, the transition
probability to the ‘SSNS relapse’ state after an URTI (URR) was calculated by dividing the number of
URRs by the number of URTIs. To account for the fact that patients had multiple URTIs and relapses
while in the therapy group, the time spent in each group was converted to 2-week cycles and this
number was used for the calculation of the transition probabilities to the URTI state. Therefore, the
transition probability to the URTI state was the total number of URTIs divided by the total number of
group cycles for each therapy group. All transition probabilities are presented in Table 23.

Analysis
An incremental cost–utility analysis was conducted for both the primary and secondary analyses, which
provides the incremental costs and incremental QALYs comparing daily prednisolone with standard care.
The results are reported as cost per QALY gained in terms of incremental cost-effectiveness ratios
(ICERs). The treatment is considered to be dominant if it generates lower costs and a greater number
of QALYs over time. Analysis was by ITT. The primary analysis had a time horizon of 1 year and the
secondary analysis costs and outcomes were extrapolated over 16 years.
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Uncertainty in the model was explored by conducting both probabilistic sensitivity analysis (PSA) and
deterministic sensitivity analysis (DSA).

Probabilistic sensitivity analysis
Probabilistic sensitivity analysis was used to account for the level of parameter uncertainty from the
variance in the model inputs. A PSA simultaneously changes all model parameters and was performed
in both the primary and secondary analysis. For each model parameter (i.e. transition probabilities,
utilities and costs), the distribution of possible values was used for the PSA (see Tables 22 and 23).
A Dirichlet distribution was used for the transition probabilities between the different therapy groups,
as this distribution allows for possible movement to more than two states. A beta distribution is assigned
to all other transition probabilities and to the utility parameters. A gamma distribution is assigned to
resource use costs and medication costs.

In the Monte Carlo simulation, values of the model parameters were resampled from their distributions
and incremental costs and effects were recalculated. The process of resampling and recalculating the results
was repeated 10,000 times to generate a distribution around the estimated ICER. A cost-effectiveness
acceptability curve (CEAC) and a cost-effectiveness plane were plotted from the simulated data. The
CEAC shows the probability of daily prednisolone being more cost-effective than placebo and the
impact of uncertainty in relation to a range of thresholds that decision-makers are willing to pay for an
additional QALY.

Deterministic sensitivity analysis
Three DSAs were performed at 1 year to account for the methodological uncertainty around the
model parameters and model structure. These were as follows:

1. Methodological uncertainty around the HRQoL was tested by varying the instrument used for each
age group within the trial population. The CHU-9D was used to obtain utility values for participants
aged 5–11 years (vs. those aged 5–17 years in the primary analysis) and the EQ-5D-3L was used
for participants aged 12–18 years (vs. those aged 18 years in the primary analysis). The age cut-off
point was based on the initial design of CHU-9D for use in children up to age 11 years,45 as its
validity in adolescents up to age 17 years has been demonstrated by recent research only.46 The
mapped PedsQL for the younger ages (2–4 years) remained in the sensitivity analysis, as neither of
the other two measures is validated for use with this age range.

2. Uncertainty around the structural assumption that patients change their background therapy every
3 months in the model was tested by allowing patients to move to a different therapy group every
month within the model.

3. In the base case, a utility decrement of 0.01 was used as the disutility from having a relapse.
A one-way DSA was applied using a lower (–0.04) and upper (0.03) value of disutility derived from
the 95% CI. As disutility appears as a negative value in the model, the value of –0.04 represents
the extreme scenario that there is a utility gain, rather than a utility decrement, after a relapse.

In the secondary analysis, the base-case analysis was extrapolated over 16 years, but a complete set of
deterministic analysis was not deemed necessary if the cost-effectiveness results remained the same as
at 1 year.

Subgroup analysis
A subgroup analysis was performed to explore the uncertainty from using a mapping technique to
derive utility values from the PedsQL responses for patients aged between 2 and 4 years. The base-case
analysis at 1 year was performed again after excluding participants aged between 2 and 4 years to
observe possible differences in the results.
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Results

The results for the base-case and sensitivity analyses are presented separately for the primary and
secondary analyses.

Primary analysis results
Table 24 summarises the base-case analysis and DSA results at 1 year. The base-case results show
that daily prednisolone had a mean cost of £252 and cost less than standard care. Moreover, daily
prednisolone generated 0.003 more QALYs than placebo, as the mean number of QALYs in the daily
prednisolone arm was 0.9427 compared with 0.9424 in the standard-care arm. The ICER for the
base-case analysis is negative, indicating that there is a cost saving from administering daily
prednisolone at the time of an URTI.

Background therapy was a key driver of costs and QALYs, as proportionally more patients moved to no
therapy (i.e. group 1) in the prednisolone arm than in the standard-care arm after 1 year (43% vs. 39%,
respectively). In addition, there was a larger relative proportion of patients in group 3 in the standard
arm than in the prednisolone arm (32% vs. 30%, respectively) (see Appendix 2, Table 32). Although
patients were ‘allowed’ to change background therapy every 3 months in the model, even these small
differences at 1 year will have influenced the incremental cost and QALY differences between
treatment arms.

TABLE 24 Base-case analysis and DSA results at 1 year

Analysis
Total mean cost
per intervention (£)

Total mean QALYs
per intervention ICER (£)

Base case

Daily prednisolone 252 0.9427

Placebo 254 0.9424 –5878

Mean difference 2 –0.0003

DSA 1a

Daily prednisolone 252 0.9431

Placebo 254 0.9427 –3805

Mean difference 2 –0.0004

DSA 2b

Daily prednisolone 242 0.9433

Placebo 249 0.9428 –12,200

Mean difference 7 –0.0005

DSA 3 (one way): –0.04c

Daily prednisolone 252 0.9462

Placebo 254 0.9462 –72,209

Mean difference 2 < –0.0001

DSA 3 (one way): 0.03c

Daily prednisolone 252 0.9412

Placebo 254 0.9408 –4024

Mean difference 2 –0.0004

a DSA 1 used different utility measures.
b DSA 2 allowed transitions between therapy groups per month.
c DSA 3 used different values for disutility from relapse.

ECONOMIC ANALYSIS AND EVALUATION

NIHR Journals Library www.journalslibrary.nihr.ac.uk

58



In all three of the DSAs, the findings supported the base-case results. Although the cost and QALY
differences between the two treatment arms did change, daily prednisolone remained the dominant
option. DSA 1 increased the mean number of QALYs in both treatment arms and daily prednisolone was
slightly more effective, with 0.0004 more QALYs compared with 0.0003 in the base case. In DSA 2,
there was a greater cost and QALY difference between the two arms compared with the base case,
with daily prednisolone being cheaper and more effective. Similarly, the favourable effect of daily
prednisolone was sustained in DSA 3 for both the upper and lower values.

The results from the PSA are illustrated in the cost-effectiveness plane and CEAC. The cost-
effectiveness plane shows that the majority of the cost and effect distributions from 10,000 Monte
Carlo simulations lie in the south-east quadrant (Figure 7). This indicates that daily prednisolone is less
costly and more effective than placebo. The uncertainty is then summarised in the CEAC in relation
to different willingness-to-pay (WTP) thresholds of decision-makers (Figure 8). As demonstrated in
Figure 8, daily prednisolone is more cost-effective than standard care at any given WTP threshold
and has a probability of 80% of being cost-effective at a WTP threshold of £20,000.
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In the subgroup analysis, daily prednisolone was more effective than standard care and generated
0.0004 more QALYs (Table 25). This suggests that using a mapping technique can be considered the
second-best option when there is no validated utility-based HRQoL instrument available.

Secondary analysis (extrapolation)
The results for the extrapolated analysis are summarised in Table 26 and show that daily prednisolone
costs £176 less and generates 0.01 more QALYs than placebo (11.61 vs. 11.60 QALYs, respectively).
Therefore, as with the primary analysis, daily prednisolone dominated the standard-care arm (i.e. less
costs and more QALYs).

The PSA results for the secondary analysis show that daily prednisolone is less costly and more effective,
as most incremental cost and effect points lie in the south-east quadrant of the cost-effectiveness
plane (Figure 9). Moreover, daily prednisolone had a high probability (approximately 90%) of being
cost-effective at a WTP of £20,000 and is, therefore, considered the most cost-effective option at all
WTP thresholds (see Figure 8).

TABLE 25 Subgroup analysis results at 1 year

Subgroup analysis
Total mean cost (£)
per intervention

Total mean QALYs
per intervention ICER (£)

Daily prednisolone 252 0.9434

Placebo 254 0.9430 –4190

Mean difference 2 –0.0004

TABLE 26 Secondary analysis results

Secondary analysis
Total mean cost (£)
per intervention

Total mean QALYs
per intervention ICER (£)

Daily prednisolone 2690 11.61

Placebo 2866 11.60 –16,278

Mean difference 176 –0.01
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Chapter 5 Discussion

Summary of findings

In, to the best of our knowledge, the largest ever clinical trial of an IMP in children with nephrotic
syndrome, the PREDNOS2 trial has shown that giving 6 days of low-dose prednisolone to children with
relapsing SSNS at the time of an URTI does not reduce the risk of a subsequent URR. The findings
apply across the four subgroups: (1) children on no background treatment, (2) children on long-term
maintenance prednisolone only, (3) children on non-corticosteroid maintenance immunosuppression
only and (4) children on both long-term maintenance prednisolone and non-corticosteroid maintenance
immunosuppression.

There were also no differences in secondary outcomes between the two treatment arms, including the
overall incidence of relapses (whether URTI related or not), escalations and reductions in background
therapy, cumulative dose of prednisolone, adverse effects of prednisolone, ACBC scores or quality of
life (measured using the PedsQL).

However, the economic analysis showed that giving daily prednisolone at the time of an URTI,
compared with standard care, led to reduced overall health-care and background therapy costs,
increased QALYs and was, therefore, the ‘dominant’ treatment option. This result was maintained over
a 16-year time horizon and was robust to all sensitivity analyses.

Comparison of demographics with other studies

The findings do not support the four previously published trials,18–20,22 which all showed that low-dose
daily prednisolone for 5–7 days given at the time of an intercurrent infection was effective in preventing
a relapse, although, with p-values of 0.04, 0.01, 0.01 and 0.049, the results were not overwhelmingly in
favour of daily prednisolone. Rather, the findings suggested that it may work. Furthermore, the small
populations and the methodological issues with these studies limited their impact, leading the latest
Cochrane review to conclude that ‘clinicians are unlikely to use this regimen without additional data to
confirm its efficacy and safety’.4

Table 27 shows how the PREDNOS2 trial compares with the four previous trials of daily corticosteroid
at the time of an intercurrent illness. The PREDNOS2 trial sample size was larger than those of
all four previous studies combined. In terms of demographics, the average age at recruitment for
the PREDNOS2 trial population (7.6 years) was in the middle of the age ranges for previous trials,
with Abeyagunawardena and Trompeter19 having the youngest population (median age 5.3 years)
and Abeyagunawardena et al.22 having the oldest population (mean age 12.3 years). There was a
considerable difference in the duration of nephrotic syndrome prior to recruitment in the two trials that
reported this. Gulati et al.’s20 subjects had been diagnosed only 9.8 and 10.5 months prior to recruitment
for intervention and control arms, respectively, whereas children in the trial by Abeyagunawardena et al.22

were older, with a much longer nephrotic syndrome course (diagnosed 90 and 76.8 months prior to
recruitment for intervention and control arms, respectively). The length of time that the PREDNOS2
trial ITT population had SSNS was between these values (i.e. 40 months for those taking prednisolone
and 37 months for the placebo arm).

No comment about ethnicity is made in any of the previous studies and it is assumed that the
populations comprised a single ethnicity that corresponded to the location of the trial. Nephrotic
syndrome is much more common in individuals of South Asian ethnicity47 and three of these previous
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TABLE 27 Comparison of trial populations for PREDNOS2 and previous studies

Variable

Study

PREDNOS2 Mattoo and Mahmoud18

Abeyagunawardena
and Trompeter19 Gulati et al.20 Abeyagunawardena et al.22

Recruited sample size (n) 365 (271 in the modified ITT
analysis population)

36 48 (crossover) 100 48 (crossover)

Number completing trial 253 40 89 33

Age (years) at recruitment 7.7± 3.6 for intervention
and 7.5 ± 3.5 for placebo

Median 7.2 for
intervention arm and
median 6.8 for control

Median 5.3 (range
1.5–13.2)

6.5 ± 2.97 for intervention
arm and 6.8± 3.23 for
control arm

Mean 12.3 for intervention
arm and 9.9 for placebo
arm

Mean time (months) from
nephrotic syndrome
diagnosis to recruitment

39.7 for intervention arm
and 36.8 for control arm

NR NR 9.8 for intervention arm
and 10.5 for control arm

90 for intervention arm and
76.8 for control arm

Population definition SSNS with two or more
relapses in last 12 months

SSNS on low-dose
maintenance prednisolone
because of either FRSSNS
(n= 22) or post
cyclophosphamide (n = 14)

SSNS on low-dose
maintenance
prednisolone

SSNS on low-dose
maintenance prednisolone

Previous SDNS but off
corticosteroids and other
immunosuppression for
≥ 3 months

Relapse rate prior to
recruitment

NR NR NR 4.1 ± 0.2 for intervention
arm and 4.2± 0.4 for
control arm

NR

Average background
prednisolone dose
(mg/kg/48 hours)

0.3a in those taking
maintenance prednisolone

0.5 0.36 (range 0.1–0.6) 0.6 ± 0.1 in intervention
arm and 0.7± 0.2 in
placebo arm
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Variable

Study

PREDNOS2 Mattoo and Mahmoud18

Abeyagunawardena
and Trompeter19 Gulati et al.20 Abeyagunawardena et al.22

Other background
immunosuppression

Low-dose prednisolone
alone: n = 74

Low-dose prednisolone with
other immunosuppression:
n= 91

No No Levamisole in
32 out of 100

No

Number of infections
(patient per year)

Mean 2.95 and median 2 3.5b N/A 3.8c 3.3d

Children excluded because
of no URTI

80 out of 333 who completed
12 months’ follow-up (24%)

0 3 out of 48 (6.3%) 0 0

Total number of relapses
in trial population
(patient per year)

1.67 1.93 NR 1.34 0.55

URR frequency in control
arm (as per cent of URTIs)

20.15 NR 47.5 35 24.75

N/A, not applicable; NR, not reported; SDNS, steroid-dependent nephrotic syndrome.
a Mean (SD)= 0.3 (0.1), median (IQR) = 0.3 (0.2–0.4) and minimum, maximum= 0.1, 0.7.
b Median of seven URTIs reported over 2 years.
c A total of 226 and 161 episodes of infections reported in the intervention and control arms, respectively, for a population of 100.
d A total of 115 URTIs in the treatment arm and 101 URTIs in the control arm, with 33 patients who completed the 2 years of the trial as the denominator.

Notes
Averages are all mean (± SD where available) unless specified.
Reproduced with permission from Christian et al.37 This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited. The table includes minor additions and formatting changes to the original table.
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studies19,20,22 were undertaken in ethnic groups that are considered to have a higher incidence of SSNS.
In the mixed-ethnic PREDNOS2 modified ITT population, 21.4% of the population reported South Asian
ethnicity (i.e. Pakistani, Indian, Bangladeshi, Sri Lankan, other Asian or mixed white Asian). Thirty of
134 (22.3%) patients in the prednisolone arm and 28 of 137 (20.4%) patients in the placebo arm
were of South Asian ethnicity. We undertook a post hoc subgroup analysis that assessed the primary
outcome in those of South Asian ethnicity (risk ratio 0.66, 95% CI 0.4 to 1.10), compared with those of
other ethnicity (risk ratio 1.11, 95% CI 0.81 to 1.54), which suggested that there may be evidence that
daily prednisolone is effective in those of South Asian ethnicity (test for interaction p = 0.09). However,
as this was not a planned subgroup analysis, the numbers are small and this needs confirmation in a
larger study.

In comparison with previous studies, the PREDNOS2 trial included children on a range of background
treatments. Three of the previous studies18–20 included children on maintenance prednisolone only
(with levamisole in addition for some patients in one study), with the fourth study22 comprising children
on no background therapy only. In Gulati et al.’s study,20 it is noteworthy that the lower relapse rate
seen in children taking background levamisole as well as prednisolone was non-significant.

Abeyagunawardena et al.’s22 second study replicated their previous design in children on no background
immunosuppression and is the only previous study examining the effect of daily low-dose prednisolone
on preventing the risk of URR. The results mirrored the group’s earlier findings of a benefit to the
intervention. However, compared with all other studies, including the PREDNOS2 trial, this population
was an outlier in terms of the longer time for which children had nephrotic syndrome and the lower
relapse frequency during the trial, suggesting that their nephrotic syndrome was progressing towards
long-term remission. Only the PREDNOS2 trial has considered a real-world scenario of children with
relapsing SSNS taking a range of background treatments or none.

The PREDNOS2 trial was also the only trial to include patients by the number of relapses experienced
prior to recruitment. The three earlier studies18–20 inferred frequently relapsing or steroid-dependent
disease through the need for maintenance corticosteroid. Abeyagunawardena et al.’s second study22

included children with previous steroid-dependent nephrotic syndrome (SDNS) but who had been off
maintenance prednisolone for at least 3 months (it is noteworthy that they had the lowest frequency
of relapses during the study period for any trial). The only trial that reported rate of relapses prior to
recruitment was Gulati et al.,20 with a mean of 4.1 relapses per year. That metric is noteworthy because
Gulati et al.20 reported a lower frequency of relapse during the trial itself for both arms [mean (± SD)
0.9 (± 0.4) and 1.8 (± 0.5) for intervention and control arms, respectively]. Reasons for this reduction
are not discussed. Given that it was a population of children early in their nephrotic syndrome history,
it is most likely that maintenance prednisolone was commenced at some point in the year prior to the
trial as a response to frequent relapses. Whatever the explanation, the background reduction in
frequency mitigates the extent of the treatment effect they report.

During the trial periods, there were differences in the overall rate of relapses, varying between
1.93 relapses per patient per year for Mattoo and Mahmoud’s population18 and 0.55 relapses per
patient per year for Abeyagunawardena et al.’s second trial.22 The rate of relapse for the PREDNOS2
trial was 1.67 relapses per patient per year. This difference in relapse frequency may reflect the fact
that Abeyagunarwardena et al.’s second trial comprised a population of children who may have been
outgrowing the disease, as discussed above. Interestingly, however, in all of the studies, including the
PREDNOS2 trial, the average relapse rate of the control groups did not meet the definition of FRSSNS
(i.e. four or more relapses per year) over the study period.

The rate of infections, where reported, was similar across the previous trials, varying between 3.3 and
3.8 infections per patient per year. The overall rate of infections in the PREDNOS2 trial was slightly
lower, at 2.95 URTIs per patient per year. The PREDNOS2 trial-recruited population included 80 children
(24% of those who completed 12 months of follow-up) who did not have any URTI. Analysis of a modified
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ITT population of those who did have an URTI was part of the PREDNOS2 trial design, but was not
considered by previous studies. Three of these studies18,20,22 did not mention children who did not
experience an intercurrent infection during the trial period and the inference is that all children had at
least one infection. The study by Abeyagunawardena and Trompeter19 was the only other study to have
excluded children for this reason, but with a much lower percentage (6.3%) than that of the PREDNOS2
trial. There was a small difference in age at recruitment between the PREDNOS2 trial and the three
earlier studies18–20 and, in general, viral URTIs are more common in younger children.48 When the
modified ITT PREDNOS2 population was split by age into < 4 years (pre-school) and ≥ 4 years (school
age), the breakdown of URTI confirmed a greater incidence of URTIs in younger children (Table 28).

A lower rate of intercurrent infection but similar rate of relapses means that either there is a higher
incidence of non-URRs in the PREDNOS2 trial population or the children have had more URTIs than
have been recorded in the trial. Differences in the URTI-to-relapse ratio may be explained partly by
the epidemiology of viral URTIs, suggesting that the types of infections encountered in the UK are less
likely to trigger infections than those in more tropical countries. One justification for the PREDNOS2
trial was the need to determine if findings were generalisable to a European temperate climate.
The difference in definitions of viral infections, as presented in Table 1, shows that fever was an
essential component for three of the four previous studies (although not with Mattoo and Mahmoud’s
population18), whereas it could be one or two out of six symptoms to define URTI in the PREDNOS2
trial. In two of those trials,20,22 a temperature of > 38 °C was required, implying a more virulent
infection than a typical URTI in the UK. The lower URTI-to-relapse ratio in the PREDNOS2 trial
may be explained by a milder viral illness that was less likely to trigger a relapse. Overall, there were
more relapses in the placebo arm (237 relapses in 137 patients in the placebo arm vs. 216 relapses in
134 patients in the prednisolone arm), but this small increase in number was non-significant (p = 0.33).

The risk of any individual URTI triggering a relapse, what was described as the event rate in planning the
sample size for the trial design, is a different measure to the relapse-to-URTI ratio, as it eliminates the
possibility of other relapses being caused by undiagnosed infections. It can be extracted from published
data for most of the trials where the number of relapses following URTIs is documented. The appropriate
comparator between trials of the property of the infections within the trial population is the measurement
of the event rate within the control arm. In Abeyagunawardena and Trompeter’s first (and younger)
population,19 a viral infection was likely to trigger a relapse 48% of the time, but only 25% of the time
in the second (older) population.22 In the PREDNOS2 trial, the likelihood was even lower, with just 82 of
407 URTIs (20.1%) within the placebo arm resulting in a relapse. Again, this might be a property of the
epidemiology of viral URTIs, but interpretation is problematic because of the large differences in event
rates seen between the two trials of Abeyagunawardena et al.19,22 and it suggests differences in how
relapses are triggered in individuals with SSNS. In Abeyagunawardena and Trompeter’s first trial,19

the population comprised children early on in their history of nephrotic syndrome who were taking
alternate-day maintenance corticosteroid, whereas in the population of Abeyagunawardena et al.’s
second trial22 children had experienced SSNS for a longer duration and had stopped taking background
corticosteroid for at least 3 months before recruitment. The natural history of SSNS is for the disease
to enter permanent remission in the majority of patients and this mostly occurs in teenage years.11

It is self-evident then that as children grow older the risk of URTIs triggering relapses must reduce.

TABLE 28 Demographics of viral URTI by age

Age (years)

Treatment arm (mean)

TotalPrednisolone Placebo

< 4 72 URTIs in 21 children
(3.4 URTIs per child)

74 URTIs in 18 children
(4.1 URTIs per child)

146 URTIs in 39 children
(3.7 URTIs per child)

≥ 4 312 URTIs in 113 children
(2.8 URTIs per child)

333 URTIs in 119 children
(2.8 URTIs per child)

645 URTIs in 232 children
(2.8 URTIs per child)
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It is also possible, however, that children on maintenance alternate-day prednisolone may be more
vulnerable to relapses triggered by intercurrent infection. Evidence to support this hypothesis comes
from the historical finding that adrenal suppression is common in children with SSNS and may increase
the risk of relapse49 and the more recent finding that low-dose maintenance corticosteroid is more
effective in preventing relapses if the same total 48-hour dose is divided into daily doses rather than
given in a standard alternate-day fashion.50

Gulati et al.’s study20 was the only study to calculate NNT. The authors presented mean (± SD) numbers
of relapses per infection in the intervention and control groups of 0.13 (± 0.1) and 0.35 (± 0.2),
respectively, giving a mean difference of 0.22 (95% CI 0.16 to 0.28). Using adjusted Poisson regression,
Gulati et al.20 calculated a 59% independent reduction in the risk of relapse following an URTI and
estimated that the intervention would result in a reduction in the frequency of relapses to fewer than
three per year for one out of six patients with frequent relapses. Note that the NNT calculated is
one to reduce relapses below the FRSSNS definition, rather than one required to abolish relapses
completely. Given the a priori reduction in relapse frequency seen in the control group from the year
prior to recruitment to the 12 months of the trial, this NNT may well be an underestimate. The NNT
increases as the URTI rate and the event rate reduce. Therefore, the optimistic NNT calculated by
Gulati et al.20 would be even greater if applied to the lower event rate of Abeyagunawardena et al.’s
second trial,22 implying that the intervention effect may have been considerably overestimated prior
to the PREDNOS2 trial.

Comparison of trial design with previous research

Many similar demographics and trial design issues allow for careful comparison of results (Table 29).
The average background dose of prednisolone/prednisone was similar for all trials that included
children on long-term maintenance prednisolone, including the relevant subgroups in the PREDNOS2
trial. The dose of prednisolone used as trial medication was also similar between all trials. In the
PREDNOS2 trial, the dose of prednisolone for children not already taking it as part of long-term
maintenance treatment was 15 mg/m2, which is equivalent to Abeyagunawardena et al.’s dose of
0.5 mg/kg.22,51

The PREDNOS2 trial’s large sample size, double-blinded randomised controlled design and low dropout
rate make its data more reliable than those of previous trials. Lack of blinding, exclusion of children
whose background therapy either escalated or reduced and exclusion of children where concerns
about adherence became apparent may all have introduced bias in previous trials. One other trial
design issue that may also have unwittingly introduced bias into previous studies is the duration of trial
medication, which ranged from 5 to 7 days. We chose 6 days in the trial design of the PREDNOS2
trial so that an even number would remove any inadvertent bias caused if there were an imbalance
in the actual number of doses of trial medication between arms for those children already taking
long-term maintenance prednisolone. As this factor was not addressed in previous studies, results
may have been inadvertently biased.

Adherence

To the best of our knowledge, the PREDNOS2 trial is the only study of daily corticosteroid at
the time of an URTI in children with SSNS that has systematically reported adherence data.
Abeyagunawardena et al.22 reported that 12 patients who failed to report with viral infections,
did not maintain daily urine protein records or failed to comply with trial protocol at the time
of acute infections were excluded from the final assessment of the study. Other previous studies
made no assessment of adherence.
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TABLE 29 Comparison of trial design for the PREDNOS2 trial and previous studies18–20,22

Trial design

Study/trial

PREDNOS2 Mattoo and Mahmoud18

Abeyagunawardena and
Trompeter19 Gulati et al.20 Abeyagunawardena et al.22

Recruited sample size (n) 365 36 48 (crossover) 100 48 (crossover)

Number of participants
completing trial

253 36 40 89 33

Blinding Yes No Yes No Yes

Length of trial medication
(days)

6 5 (two or three extra doses) 7 (three or four extra
doses)

7 5

Dose of trial medication 15 mg/m2 (or topping up to
alternate-day prednisolone
dose if higher)

Same as alternate-day dosing Same as alternate-day
dosing

Same as alternate-day
dosing

0.5 mg/kg

Definition of URR Within 2 weeks of onset of
URTI symptoms

Not relevant Not defined 8–14 days following
onset of URTI
symptoms

Not defined

Adherence to trial
medication

Commenced mediation at
time of URTI: 85.4% in the
prednisolone arm and 89.2%
in the placebo arm

Completed 6-day course and
commenced medication at
time of URTI: 70.8% in the
prednisolone arm and 76.9%
in the placebo arm

Not reported Not reported Not reported Suspected non-adherents
excluded from analysis

Length of follow-up (months) 12 24 24 12 24

Primary outcome Proportion of children in
each arm experiencing an
URR following any URTI

Number of relapses in each
arm over 2-year trial period

Proportion of URTIs
followed by relapse in
each arm

Average number of
URRs in each arm

Proportion of URTIs
followed by relapse in
each arm

Corticosteroid adverse
effects

No difference in specific
symptoms of ACBC scores
between arms

None reported Not detailed Cushingoid features,
infections and cataracts
described

Not reported
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In the PREDNOS2 trial, adherence was assessed by verbal recall of how trial medication had been
given during any URTI prior to the trial visit. Counting trial tablets at trial visits, as was performed
with the PREDNOS trial,9 was felt to document the number of trial tablets remaining only and not
necessarily to reflect how it had been given. Three questions were asked of parents/carers:

1. Was trial medication started at the time of an URTI? If yes, after what length of time?
2. Was the whole 6-day course of trial mediation taken? If no, how many days were missed?
3. Was the 6-day course prematurely discontinued?

Answers to questions 2 and 3 were very similar, but not identical. Question 2 was felt to be a more
robust question, covering the eventuality that mid-course doses were missed without the 6-day course
finishing prematurely. The percentage of URTIs where medication was commenced at the time of URTI
symptoms was 85.4% in the prednisolone arm and 89.2% in the placebo arm. Of those URTIs where
medication was commenced, the 6-day course was completed in 82.9% of URTIs in the prednisolone
arm and 86.2% of URTIs in the placebo arm. Overall, medication was commenced and a 6-day course
completed for 70.8% of URTIs in the prednisolone arm and 76.9% of URTIs in the placebo arm
(see Table 29).

Table 30 shows adherence data for individual URTIs in each arm of the trial according to whether
or not an URR resulted. Adherence appeared to be better when a relapse was not triggered compared
with when there was an URR. In the prednisolone arm, trial medication was commenced and 6 days’
treatment completed in 253 of 298 (84.9%) URTIs where an URR did not occur, compared with 19 of
82 (23.2%) URTIs where an URR did occur. However, this difference in adherence was observed for
both the prednisolone arm and placebo arm and, on careful inspection of the data, the most common
reason for ‘non-adherence’ was the need to stop trial medication to begin treatment for a relapse.

TABLE 30 Adherence by URTI according to whether or not an URR resulted

Adherence

URTI that did not result in an URR URTI that did result in an URR

Prednisolone arm Placebo arm Prednisolone arm Placebo arm

Trial medication commenced at time of URTI?

n 298 323 82 82

No, n (%) 30 (10.1) 22 (6.8) 22 (26.8) 20 (24.4)

Yes, n (%) 268 (89.9) 301 (93.2) 59 (72.0) 62 (75.6)

Missing, n (%) 0 (0) 0 (0) 1 (1.2) 0 (0)

Whole 6 days of trial medication taken?

n 268 301 59 62

No, n (%) 15 (5.6) 15 (5) 40 (67.8) 35 (56.5)

Yes, n (%) 253 (94.4) 286 (95) 19 (33.2) 27 (43.5)

Missing, n (%) 0 (0) 0 (0) 0 (0) 0 (0)

If no, how many days missed?

n 15 15 40 35

Median (IQR) 1 (1–5) 1 (1–2) 3 (2–4) 2 (2–4)

Minimum, maximum 1, 5 1, 5 1, 5 1, 5
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It is still possible that higher adherence within the prednisolone arm with those URTIs that did not
result in URRs may also have meant that beneficial effects of the intervention treatment have been
missed because the treatment was not administered as intended, either through medication not being
given at all or through an incomplete course of prednisolone. An exploratory per-protocol analysis of
those URTIs where medication was started within 2 days of URTI gives an adjusted risk difference
of –0.05 (95% CI –0.17 to 0.08).

Secondary outcomes

There was a small difference in the number of relapses between the two trial arms (216 relapses
were reported in 91 patients the prednisolone arm vs. 237 relapses in 98 patients in the placebo arm).
The difference in the number of patients experiencing a relapse was non-significant (p = 0.33), but the
difference in the number of relapses between trial arms was sufficient for the health economic analysis
to conclude a benefit in the trial intervention. If a small increase in relapses in the placebo arm was
genuine, the NNT calculation that 42 URTIs are required to be treated with 6 days of daily low-dose
prednisolone to prevent one URR would be considered unacceptable by most clinicians.

The cumulative dose of prednisolone, which was calculated including the prednisolone used as the
trial drug in the intervention arm, was not different between the two arms (median 2060 mg, IQR
1127.5–3355 mg in the prednisolone arm; median 1880 mg, IQR 1115–3295 mg in the placebo arm;
p = 0.72 from a Wilcoxon rank-sum test). Therefore, there was no benefit or detriment from occasional
use of this additional 6-day course of low-dose prednisolone.

Similar to findings of the PREDNOS study,8 the incidence of most specific known corticosteroid adverse
effects was as expected and not different between treatment arms. There was a tendency for increased
reporting of poor behaviour in the placebo arm (54% vs. 45%). This was also supported by ACBC scores,
which were, on average, lower (better) in the prednisolone arm (although the differences were small).
The scores are comparable to those found in the PREDNOS trial;9 however, these ACBC mean total
problem T-scores are low compared with those found in a study by Mishra et al.52 Mishra et al.52 looked
at ACBC individual and total problem T-scores for children with SSNS at different points of the disease
course and matched controls. Total problems T-scores for children in both arms of the PREDNOS2 trial
fall between the newly diagnosed pre-corticosteroid treatment and the control group in Mishra et al.’s
study (59.8 and 44.7, respectively). In addition, the differences between groups in that study were much
greater than the differences seen between treatment arms in the PREDNOS2 trial. Given that the
PREDNOS2 trial involved giving low doses of prednisolone and the average relapse rate was relatively
low, meaning that relatively few courses of high-dose prednisolone were required, it is perhaps not
surprising to see these low ACBC scores.

An expected number of SAEs was seen, with no significant difference between treatment arms.
Absence of SUSARs and deaths is consistent with known safety data on prednisolone.

Escalation and reduction of background therapy were considered important secondary outcomes.
They were not included in the design of previous trials, in which children who escalated or reduced
background therapy were often excluded from the analysis, therefore introducing potential bias.
Should the trial intervention be effective, it was hypothesised that patients in the treatment arm
should see a reduction in the level of background therapy. Similarly, patients in the placebo arm
continuing to experience frequent relapses would be more likely to require escalation in background
therapy. There was no difference in escalation of background therapy between treatment arms,
with an adjusted risk ratio close to 1 (p = 0.96). In terms of reduction of background therapy, more
patients in the placebo than in the prednisolone arm (48.1% vs 43%) moved to a lower level of
maintenance treatment, although the difference was non-significant (p = 0.42).
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Health economic findings

The economic evaluation combined the costs associated with giving daily low-dose prednisolone at the
time of an URTI with the HRQoL benefits and found it to increase QALYs and decrease costs when
compared with standard care. This finding was robust to sensitivity analysis and was maintained over
the long term, until all patients had reached adulthood (i.e. 18 years).

There are two main reasons for this finding. First, the main driver of the cost difference was the
difference in costs of background therapy plus the hospitalisation costs associated with relapse.
After 1 year, proportionally more patients in the prednisolone arm had discontinued background
therapy and moved to group 1 than in the standard care arm. In addition, there were fewer cases of
hospitalisation after relapse (see Table 23). These differences led to an incremental cost saving that
favoured the daily low-dose prednisolone arm that was sustained and accumulated over 16 years.
Second, when the utility decrement associated with having a relapse was accounted for, this led to
low-dose prednisolone gaining more QALYs than standard care.

The model used the trial data over 12 months’ follow-up and projected the findings over 16 years
(i.e. until all patients reached 18 years). The robustness of the findings was tested in a PSA by plotting
10,000 paired cost and QALY estimates on the cost-effectiveness plane and CEAC. According to
published recommendations, CEACs are considered an effective tool for dealing with uncertainty in
economic evaluations and remove reliance from statistics, such as the 95% CIs, which are not always
defined for cost-effectiveness ratios.53 Although the difference in overall relapse rate between the
two trial arms did not reach statistical significance in the clinical analysis, the health economic model
provided insight into the trade-off between the costs and effects when considered simultaneously.
It provided an economic case for administering low-dose prednisolone at the time of an URTI to avoid
the high-cost and HRQoL impacts associated with relapse events, and to take account of the costs
associated with background therapy, therefore leading to daily prednisolone at the time of an URTI
being the recommended option.

These economic findings are particularly interesting as the clinical effectiveness results concluded that
using prednisolone at the time of an URTI does not lead to a statistically significant reduction in SSNS
relapses and, therefore, should not be routinely recommended as a strategy. Therefore, it appears that
the clinical effectiveness and cost-effectiveness results from the PREDNOS2 trial are producing
different recommendations. The explanation for this stems from the underlying differences in the
theoretical approaches. Unlike the clinical effectiveness analysis, the economic analysis is focused on
the ratio of costs and outcomes and assessing value, based on society’s WTP for a unit gain in outcome
(QALYs). With this in mind, although the PREDNOS2 trial showed that the difference in SSNS relapse
between the treatment arms did not reach statistical significance, the direction of effect favoured the
prednisolone arm. As these relapse episodes are frequently associated with high hospital costs and a
corresponding reduction in HRQoL, and when this is combined with the relatively cheap costs of the
intervention (prednisolone), this small difference in relapse rate, albeit not statistically significant for
the clinical effectiveness, combined with the difference in costs associated with background therapy
led to the low-dose prednisolone strategy being the ‘dominant’ treatment option. This apparent
difference in findings between the clinical effectiveness and cost-effectiveness of this trial emphasises
the importance of the morbidity and economic consequences of SSNS relapses and on the underlying
costs associated with background therapy.

Strengths of the trial

The strengths of the PREDNOS2 trial are its size and methodology. With 365 patients recruited and
271 patients forming the modified ITT population, it, to the best of our knowledge, constitutes the
largest clinical trial of an IMP in childhood nephrotic syndrome ever undertaken. A trial of this scale
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could be undertaken as a multicentre study only and the PREDNOS2 trial was built on the successful
research network developed with its predecessor study (i.e. the PREDNOS trial9). The extremely high
case report form return rate (98.6% data completion) (see Figure 5) demonstrates the effectiveness of
this research network and adds to the robustness of the data.

The PREDNOS2 trial is unique among other trials evaluating the use of daily corticosteroid to prevent
relapses in SSNS in its comprehensive trial design and methodology. In contrast to other trials, the
PREDNOS2 trial was double blinded and placebo controlled. Care was taken to avoid bias from excluding
groups such as those experiencing corticosteroid adverse effects or escalating background treatment.
Rather than excluding patients in whom inadequate adherence was suspected, it sought to capture
adherence data systematically and explore reasons for this non-adherence. It was also the only trial,
to the best of our knowledge, that attempted to record corticosteroid AEs systematically, include an
objective measure of the impact of corticosteroid on behaviour and include a health economic analysis.

Challenges of the trial

The long duration of the trial did present a challenge to try and minimise recruitment fatigue among
local research teams. However, from an initial slowing of recruitment, a rate of 4.6 recruits per month
was maintained for the last 4 years of the trial, although this might also have reflected a ready
prevalent population at the start of the trial, moving to incident patients and slower recruitment once
that initial eligible pool had been recruited.

The finding of a lower than anticipated event rate combined with a higher than anticipated number
of children not experiencing an URTI within the 12 months of the trial prompted a review of the
study that recommended two changes: (1) changing the primary outcome from the incidence of URR
following first URTI to incidence of URR following any URTI within the trial duration and (2) increasing
the sample size to allow for a 30% attrition rate. In the light of the trial results, the decision taken by
the TMG to continue the trial with this change in primary outcome has been vindicated.

Towards the end of the trial, there was a change in chief investigator due to a change in situation for
the previous incumbent. The new chief investigator had been a member of the TSC and changeover
occurred smoothly.

Possible weaknesses

The trial may be criticised for the large number of excluded children who did not experience an URTI
during their 12 months’ follow-up.With hindsight, an alternative strategy might have been to offer
re-recruitment for a further 12 months as a more cost-effective way to reach the target population, but
those children may not have fulfilled the inclusion criteria of a minimum of two relapses in the 12 months
prior to their re-recruitment, therefore bringing into question the application of the trial’s findings.

In contrast to previous trial design, we did not review and examine these children at the time of their
URTI and it is possible that some excluded children had experienced URTIs that were not captured
within the trial definition. If we had made a type II error by failing to find a significant result that is
present, we would have expected to see an increased number of relapses. As discussed above, the
small increase in patients experiencing any relapses in the placebo arm was non-significant (p = 0.33).

The economic analysis also had some limitations. First, the cross-walked/mapping technique used to
derive utility values for children aged < 5 years in the absence of a validated HRQoL instrument may
have introduced additional uncertainty to the economic model. Second, the model ‘allowed’ patients
to change their background therapy every 3 months and not more frequently and, although this
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assumption was based on clinical expert opinion, it may have biased the results. Any uncertainty
related to these assumptions was explored in a sensitivity analyses by excluding the under-5s
cohort in a subgroup analysis and by relaxing the change in background therapy to every 1 month,
respectively, although neither had an impact on the direction of the ICER.

Conclusion

l This is, to the best of our knowledge, the largest by far and most methodologically robust trial addressing
this specific clinical question.We have shown that giving 6 days of daily low-dose prednisolone at the
time of an URTI does not reduce the risk of relapse of nephrotic syndrome in children on a range of
background treatments for relapsing nephrotic syndrome and in a temperate country.

l Although the reduction in relapse associated with the intervention was not statistically significant,
health economic analysis has shown a benefit to the intervention (with the high cost and reduction of
HRQoL from having a relapse alongside background therapy costs and the low cost of prednisolone).

l Results from previous trials that supported use of daily low-dose corticosteroid at the time of an
URTI were small and underpowered. The direction of the much larger, mixed-ethnicity PREDNOS2
trial result was the same, but with non-significant results. This may mean that previous trials
produced false-positive results or that there is an ethnicity effect. The size of the PREDNOS2 trial
population will outweigh the combined results of all previous studies when future meta-analyses
are undertaken.

Recommendations for future research

The following research recommendations, in priority order, follow on from the PREDNOS2 trial
conclusions:

l The PREDNOS2 trial data has highlighted the importance of relapse in terms of cost and quality-of-
life impact. More research is needed to understand how this might be explained by variations in
treatment and across different patient populations.

l More research is needed to establish if the findings of the PREDNOS2 trial, compared with previous
trials, are purely a result of a more robust trial design or whether or not disease, georacial or viral
epidemiological factors also play a role.

l Large registry studies, such as the RaDaR rare disease registry,54 have the potential to study
differences in SSNS disease course and the reasons for them in different racial groups within a
diverse population, such as the UK.

l The PREDNOS2 trial recruited more efficiently than the PREDNOS trial.9 The PREDNOS trial
research network, comprising local research teams in > 100 local hospitals and an experienced
central clinical trials team, has now delivered two large multicentre interventional trials. This puts
the network in a unique position to deliver further efficient trials towards evidence-based
management of SSNS in children.

l Virology studies of the specific causes of URTIs experienced by children with SSNS would help us to
understand whether or not specific organisms are more likely to trigger relapses and, in so doing,
provide the potential for greater understanding of the pathophysiology that results in a relapse.

l The PREDNOS2 trial has shown that low-dose corticosteroid at the time of an URTI before the
onset of any proteinuria does not reduce the risk of relapse and, moreover, the risk of an URTI
resulting in a relapse is relatively low at 21%. A related research question is whether or not a
relapse can be prevented by the earlier-than-usual commencement of a lower-than-usual dose of
prednisolone. In the last few years, there has also been renewed interest in whether or not relapses
can be treated with lower doses of prednisolone.55–57 In addition, in the latest Cochrane update
published in 2020,4 authors have called for a large trial to verify these findings, which would open
the gateway to exploring more creative, personalised ways to manage relapses that limit the
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cumulative dose of corticosteroid. With its strong research network, the PREDNOS trial group
would be well placed to continue to deliver the multicentre trials that are required to provide the
evidence basis for this debilitating chronic childhood illness.

l The role of the adrenal axis in nephrotic syndrome and the potential association of adrenal
suppression with an increased risk of relapse is a long-forgotten area of SSNS that has been
highlighted anew in the latest Cochrane update of corticosteroid use in SSNS.4
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This work uses data provided by patients and collected by the NHS as part of their care and support.
Using patient data is vital to improve health and care for everyone. There is huge potential to make
better use of information from people’s patient records, to understand more about disease, develop new
treatments, monitor safety, and plan NHS services. Patient data should be kept safe and secure, to protect
everyone’s privacy, and it’s important that there are safeguards to make sure that it is stored and used
responsibly. Everyone should be able to find out about how patient data are used. #datasaveslives You
can find out more about the background to this citation here: https://understandingpatientdata.org.uk/
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Appendix 1 Site recruitment

TABLE 31 Recruitment details for individual sites

Site name Date site opened
Number of patients
randomised

Addenbrooke’s Hospital, Cambridge 28 March 2013 4

Alder Hey Hospital, Liverpool 14 June 2013 10

Altnagelvin Area Hospital 29 September 2014 2

Arrowe Park Hospital, Wirral 13 May 2013 1

Barnsley Hospital 25 September 2013 1

Birmingham Children’s Hospital 27 March 2013 11

Bristol Royal Hospital For Children 21 March 2013 6

Calderdale Royal Hospital 10 June 2013 2

Chesterfield Royal Hospital 22 May 2013 1

Colchester General Hospital 17 April 2013 8

Conquest Hospital 29 April 2015 1

Countess of Chester Hospital 27 March 2013 3

Derriford Hospital, Plymouth 11 June 2013 4

Diana, Princess of Wales Hospital, Grimsby 8 July 2014 2

Doncaster Royal Infirmary 27 May 2014 2

East Surrey Hospital 19 February 2014 1

Evelina London Children’s Hospital 17 June 2013 9

Fairfield General Hospital 8 May 2013 1

Glan Clwyd Hospital 3 July 2013 3

Gloucestershire Royal Hospital 17 April 2013 6

Great Ormond Street Hospital 3 September 2013 10

Great Western Hospital, Swindon 1 July 2015 4

Homerton University Hospital, London 21 March 2013 1

Hull Royal Infirmary 29 April 2014 1

James Paget University Hospital, Great Yarmouth 24 July 2014 1

John Radcliffe Hospital, Oxford 19 February 2014 3

Kettering General Hospital 6 September 2013 4

King’s Mill Hospital, Mansfield 18 April 2013 1

Leeds General Infirmary 18 March 2013 5

Leicester Royal Infirmary 22 April 2013 17

Lincoln County Hospital 4 December 2013 2

Luton and Dunstable University Hospital 29 April 2013 4

Macclesfield District General Hospital 29 January 2016 4
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TABLE 31 Recruitment details for individual sites (continued )

Site name Date site opened
Number of patients
randomised

Manor Hospital, Walsall 11 September 2015 5

Medway Maritime Hospital, Gillingham 7 May 2014 1

Milton Keynes Hospital 4 November 2015 3

Musgrove Park Hospital 1 April 2014 3

New Cross Hospital, Wolverhampton 16 May 2013 4

Newham University Hospital, London 9 May 2013 3

Norfolk and Norwich University Hospital 19 February 2014 3

North Devon District Hospital 19 March 2014 1

North Manchester General Hospital 8 May 2013 1

Northampton General Hospital 10 January 2014 1

Nottingham Children’s Hospital (Queen’s Medical Centre) 9 April 2013 13

Peterborough City Hospital 11 October 2013 3

Pilgrim Hospital, Boston 7 March 2016 2

Poole Hospital 5 October 2015 3

Princess Royal Hospital, Telford 22 April 2013 1

Queen Elizabeth The Queen Mother Hospital, Kent 23 October 2015 1

Queen’s Hospital, Burton 16 May 2013 5

Queen’s Hospital, Romford 16 February 2015 6

Raigmore Hospital 26 April 2013 1

Rotherham Hospital 24 August 2015 3

Royal Aberdeen Children’s Hospital 24 June 2014 4

Royal Albert Edward Infirmary, Wigan 28 June 2013 1

Royal Alexandra Hospital, Paisley 18 July 2013 2

Royal Belfast Hospital for Sick Children 19 August 2014 12

Royal Berkshire Hospital 7 January 2014 2

Royal Blackburn Hospital 18 June 2013 7

Royal Bolton Hospital 7 May 2013 6

Royal Derby Hospital 2 July 2014 3

Royal Devon and Exeter Hospital, Wonford 12 April 2013 5

Royal Hospital for Sick Children, Edinburgh 8 July 2013 6

Royal Hospital for Children, Glasgow 13 May 2014 3

Royal Lancaster Infirmary 18 December 2013 1

Royal Manchester Children’s Hospital 5 March 2013 35

Royal Oldham Hospital 8 May 2013 2

Royal Stoke University Hospital 27 January 2014 5

Royal United Hospital, Bath 28 February 2014 5

Sheffield Children’s Hospital 15 May 2013 2
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TABLE 31 Recruitment details for individual sites (continued )

Site name Date site opened
Number of patients
randomised

Southampton Children’s Hospital 1 December 2014 7

Southend Hospital 10 June 2013 6

St Peter’s Hospital, Chertsey 22 May 2013 4

Stepping Hill Hospital, Stockport 25 March 2013 5

The Alexandra Hospital, Redditch 22 February 2016 1

The County Hospital, Hereford 6 December 2013 3

The Great North Children’s Hospital, Newcastle 20 May 2013 8

The Ipswich Hospital 10 May 2013 3

The James Cook University Hospital, Middlesbrough 5 August 2014 1

The Royal London Hospital 12 April 2013 2

University Hospital Crosshouse, Kilmarnock 11 September 2013 2

University Hospital of North Durham 8 July 2014 1

University Hospital of North Tees 16 July 2013 1

University Hospital Of Wales, Cardiff 12 August 2013 4

Warrington Hospital 7 May 2013 2

West Middlesex University Hospital 18 December 2013 6

West Suffolk Hospital 13 December 2013 2

Whipps Cross University Hospital, London 14 June 2013 2

William Harvey Hospital, Kent 23 October 2015 1

Wishaw General Hospital 13 August 2014 3

Ysbyty Gwynedd 8 July 2013 2
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Appendix 2 Initial and final cohort
allocation at 1 year

Table 32 illustrates that, after 1 year, proportionally more patients moved to the group 1 background
therapy group within the prednisolone arm than within the standard-care arm and, therefore,

this provides a further explanation for the difference in cost between the two treatment arms.

TABLE 32 Distribution of patients between the background therapy groups at the start and at the end of 1 year within
the economic model

Health state

Allocation (%)

Initial

Final (after 1 year)

Prednisolone arm Placebo arm

Group 1 0.23 0.43 0.39

Group 2 0.27 0.15 0.15

Group 3 0.34 0.30 0.32

Group 4 0.16 0.12 0.15

DOI: 10.3310/WTFC5658 Health Technology Assessment 2022 Vol. 26 No. 3

Copyright © 2022 Christian et al. This work was produced by Christian et al. under the terms of a commissioning contract issued by the Secretary of State for Health and
Social Care. This is an Open Access publication distributed under the terms of the Creative Commons Attribution CC BY 4.0 licence, which permits unrestricted use,
distribution, reproduction and adaption in any medium and for any purpose provided that it is properly attributed. See: https://creativecommons.org/licenses/by/4.0/.
For attribution the title, original author(s), the publication source – NIHR Journals Library, and the DOI of the publication must be cited.

93







EME
HS&DR
HTA
PGfAR
PHR
Part of the NIHR Journals Library
www.journalslibrary.nihr.ac.uk

This report presents independent research funded by the National Institute for Health Research (NIHR).  
The views expressed are those of the author(s) and not necessarily those of the NHS, the NIHR or the  
Department of Health and Social Care

Published by the NIHR Journals Library


	Health Technology Assessment 2022; Vol. 26; No. 3
	List of tables
	List of figures
	List of abbreviations
	Plain English summary
	Scientific summary
	Chapter 1 Introduction
	Trial rationale/introduction
	Summary of previous studies investigating the use of daily prednisolone therapy at the time of upper respiratory tract infection
	Critique of previous studies investigating the use of daily prednisolone therapy at the time of upper respiratory tract infection and summary of findings
	Methodological aspects
	Generalisability of results

	Subsequent research
	Summary
	Research question

	Chapter 2 Methods
	Aim
	Objectives
	Trial design
	Participants
	Inclusion criteria
	Exclusion criteria
	Rationale for choice of inclusion and exclusion criteria

	Outcome measures
	Primary outcome
	Secondary outcomes
	Change to the primary outcome

	Sample size
	Recruitment
	Trial sites
	Informed consent

	Randomisation
	Blinding
	Planned interventions
	Definition of upper respiratory tract infection
	Investigational medicinal product
	Commencement of trial drug
	Dosing of trial drug

	Trial procedures
	Trial visits and data collection
	Information recorded by parents and guardians
	Diagnosis and treatment of relapse
	Escalation of background immunomodulatory therapy
	Safety assessment and reporting
	Adverse events
	Serious adverse events
	Vaccination
	Unblinding
	Trial withdrawals
	Blood samples

	Statistical methods
	Ethics approval, regulations and trial registration
	Ethics approval
	Sponsorship
	Regulations
	Monitoring and oversight

	Patient, parent and public involvement

	Chapter 3 Results
	Recruitment
	Participant flow
	Withdrawals and analysis population
	Completeness of data
	Baseline data
	Adherence
	Primary outcome
	Secondary outcomes
	Rate of upper respiratory tract infection-related relapses
	Rate of upper respiratory tract infection-related and non-upper respiratory tract infection-related relapses
	Escalation and reduction in background therapy
	Cumulative dose of prednisolone over the 12-month trial period
	Incidence of serious adverse events
	Incidence of adverse effects of prednisolone
	Achenbach Child Behaviour Checklist
	Quality-of-life measures


	Chapter 4 Economic analysis and evaluation
	Introduction
	Aim
	Methods
	Participants and data collection
	Economic model
	Model structure
	Time cycle
	Model assumptions
	Model parameters
	Analysis

	Results
	Primary analysis results
	Secondary analysis (extrapolation)


	Chapter 5 Discussion
	Summary of findings
	Comparison of demographics with other studies
	Comparison of trial design with previous research
	Adherence
	Secondary outcomes
	Health economic findings
	Strengths of the trial
	Challenges of the trial
	Possible weaknesses
	Conclusion
	Recommendations for future research

	Acknowledgements
	References
	Appendix 1 Site recruitment
	Appendix 2 Initial and final cohort allocation at 1 year



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Italic
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Compressed
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-ExtraCompressed
    /Helvetica-Fraction
    /Helvetica-FractionBold
    /HelveticaInserat-Roman
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on 'PREPRESS_WEB\(No Down Sampling of Images\)'] Web PDFs for NIHR Journals Library article text. RGB colour, low-resolution images, bookmarks and hyperlinks included.)
  >>
  /ExportLayers /ExportVisiblePrintableLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads true
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


	Crossmark 2: 
	Page 1: 



