
Vol.:(0123456789)

PharmacoEconomics - Open 
https://doi.org/10.1007/s41669-022-00334-6

ORIGINAL RESEARCH ARTICLE

Economic Evaluation of Using Daily Prednisolone versus Placebo 
at the Time of an Upper Respiratory Tract Infection 
for the Management of Children with Steroid‑Sensitive Nephrotic 
Syndrome: A Model‑Based Analysis

Nafsika Afentou1 · Emma Frew1   · Samir Mehta2 · Natalie J. Ives2 · Rebecca L. Woolley2 · Elizabeth A. Brettell2 · 
Adam R. Khan2 · David V. Milford3 · Detlef Bockenhauer4,5 · Moin A. Saleem6,7 · Angela S. Hall8 · Ania Koziell9,10 · 
Heather Maxwell11 · Shivaram Hegde12 · Eric Finlay13 · Rodney D. Gilbert14 · Caroline Jones15 · Karl McKeever16 · 
Wendy Cook17 · Nicholas J. A. Webb18,19 · Martin T. Christian20 on behalf of the PREDNOS Collaborative Group, NIHR 
Medicines for Children Research Network Nephrology Clinical Studies Group

Accepted: 28 March 2022 
© The Author(s) 2022

Abstract
Background  Childhood steroid-sensitive nephrotic syndrome is a frequently relapsing disease with significant short- and 
long-term complications, leading to high healthcare costs and reduced quality of life for patients. The majority of relapses 
are triggered by upper respiratory tract infections (URTIs) and evidence shows that daily low-dose prednisolone at the time 
of infection may reduce the risk of relapse.
Objective  The aim of this study was to assess the cost effectiveness of a 6-day course of low-dose prednisolone at the start 
of a URTI when compared with placebo.
Methods  A state-transition Markov model was developed to conduct a cost-utility analysis with the outcome measured in 
quality-adjusted life-years (QALYs). Resource use and outcome data were derived from the PREDNOS2 trial. The analy-
sis was performed from a UK National Health Service perspective and the results were extrapolated to adulthood. Model 
parameter and structural uncertainty were assessed using sensitivity analyses.
Results  The base-case results showed that administering low-dose prednisolone at the time of a URTI generated more QALYs 
and a lower mean cost at 1 year compared with placebo. In the long-term, low-dose prednisolone was associated with a cost 
saving (£176) and increased effectiveness (0.01 QALYs) compared with placebo and thus remained the dominant treatment 
option. These findings were robust to all sensitivity analyses.
Conclusion  A 6-day course of low-dose prednisolone at the time of a URTI in children with steroid-sensitive nephrotic 
syndrome has the potential to reduce healthcare costs and improve quality of life compared with placebo.
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Key Points for Decision Makers 

This study examined the cost effectiveness of a 6-day 
course of low-dose prednisolone at the time of a respira-
tory infection for treating children with steroid-sensitive 
nephrotic syndrome and found that it is the preferred 
option when compared with placebo.

The high hospital costs and reduced health-related qual-
ity of life associated with a relapse, combined with the 
low cost of prednisolone, were the main reasons for this 
result.

This study raises an interesting question on how to 
interpret economic evidence when it is at odds with the 
clinical-effectiveness evidence from the same trial.

1  Introduction

Idiopathic nephrotic syndrome is the most common child-
hood glomerular disease, with an annual incidence of 2 
per 100,000 children [1]. Children develop the disease at 
a median age of 2–3 years and its incidence rate is higher 
among boys and South Asian populations [1]. It presents 
with heavy urine protein losses that lead to low plasma levels 
of protein (predominantly albumin) and oedema.

According to current practice, the presenting nephrotic 
syndrome episode is treated with high-dose corticosteroids, 
usually administered as 60 mg/m2 or 2 mg/kg prednisone 
or prednisolone, and the disease that responds (around 
90%) is then labelled as steroid-sensitive nephrotic syn-
drome (SSNS) [2]. Following initial successful treatment, 
at least 80% of children with SSNS will experience disease 
relapses [3] and about 50% will develop frequently relapsing 
nephrotic syndrome (two or more relapses within 6 months) 
[4]. Treatment of relapses requires further courses of high-
dose corticosteroid and most patients with frequently relaps-
ing disease will receive additional prophylactic immunosup-
pressive treatment due to the adverse effects experienced or 
anticipated with repeated courses of high-dose corticoster-
oids [3, 5].

SSNS relapses and their treatment with high-dose corti-
costeroids are associated with major short- and long-term 
adverse effects, including sepsis, thrombosis, malnutri-
tion, hypertension, diabetes and behavioural problems [5, 
6]. Such adverse effects often lead to substantial costs and 
morbidity for patients and their families.

The majority of SSNS relapses follow intercurrent upper 
respiratory tract infections (URTIs), and previous studies 

showed that at least half of URTIs in children with SSNS 
will trigger a relapse [7–9]. Previous studies have also shown 
that administering a 5- to 7-day course of daily low-dose 
prednisolone (around 0.5 mg/kg or 15 mg/m2) at the time 
of a URTI reduces the risk of subsequent relapses [10–13]. 
However, the generalisability of these findings were limited 
as most studies focused on children already taking back-
ground alternate-day prednisolone and the studies were 
carried out in India, Sri Lanka and the Middle East where 
patterns of intercurrent infection are different from Europe 
and North America. Additionally, there was no evaluation 
of the cost effectiveness.

A multicentre, placebo-controlled, randomised controlled 
trial (PREDNOS2) recently reported that administering daily 
low-dose prednisolone at the time of a URTI leads to no 
reduction in URTI-associated relapse [14]. However, it is 
still unknown if this leads to a cost-effective use of pub-
lic resources, therefore the objective of this study was to 
conduct an economic evaluation using the data from the 
PREDNOS2 trial [15]. Unlike clinical-effectiveness analy-
sis, which is based on the concept of classic statistical infer-
ence, economic evaluation is about decision analysis and 
is recommended by International Society for Pharmaco-
economics and Outcomes Research (ISPOR) guidance for 
trials that report a non-statistically significant difference in 
primary outcome [16].

2 � Methods

2.1 � Patients and Data Collection

Overall, 365 children with relapsing SSNS and a mean 
age of 7.6 years were recruited to the PREDNOS2 trial 
(ISRCTN10900733; EudraCT 2012-003476-39) from 91 of 
122 UK paediatric departments that were set up for the trial. 
After exclusion, data for 271 children aged 1–17 years who 
had experience of at least one URTI during the 12-month 
follow-up period were included. Reasons for exclusion were 
withdrawal from the trial prior to a URTI and absence of 
URTIs during follow-up. The participants were randomised 
in a 1:1 ratio, stratified by background therapy, either to a 
6-day course of low-dose prednisolone (15 mg/m2) at the 
start of a URTI (n = 134) or to an equivalent course of pla-
cebo (n = 137). An intention-to-treat analysis was adopted.

Individual patient-level data on both resource use and 
outcomes were collected on case report forms within the 
PREDNOS2 trial. Health-related quality of life (HRQoL) 
was measured using the CHU-9D, PedsQL and EQ-5D-3L 
instruments [17–19], depending on the age of the partici-
pants. Where appropriate, questionnaires were proxy-com-
pleted by parents or guardians. HRQoL and resource use 
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data were collected at baseline and 3, 6, 9, and 12 months 
of follow-up.

2.2 � Economic Model

Due to the fluctuating severity of the disease and frequent 
changes to background treatment, a decision analytic model 
was considered appropriate to accurately capture disease 
progression. A state transition Markov cohort model was 
developed using Treeage Pro (TreeAge Software, Inc, Wil-
liamstown, MA, USA). The model made a direct comparison 
of administering a 6-day daily course of prednisolone at the 
time of a URTI versus no change in current treatment (with 
use of placebo for blinding), from a UK National Health 
Service (NHS) perspective. The time horizon for the primary 
analysis was 12 months based on the trial follow-up period. 
Costs and outcomes were extrapolated in the secondary 
analysis until the cohort had reached adulthood (18 years).

2.3 � Model Structure

The model structure (Fig. 1) was informed by the treatment 
pathways from the PREDNOS2 trial and clinical input. 
SSNS is not considered a fatal disease therefore transi-
tion to ‘death’ was not included in the primary analysis but 
was added for the extrapolation in the form of an all-cause 
mortality risk derived from the Office of National Statistics 
(ONS; https://​www.​ons.​gov.​uk/).

Patients entered the model in one of four therapy groups 
according to their baseline background therapy:

•	 No background therapy: no long-term immunosuppres-
sive therapy.

•	 Background prednisolone therapy: long-term mainte-
nance prednisolone therapy only.

•	 ‘Combination background therapy’: long-term mainte-
nance prednisolone therapy in conjunction with other 
immunosuppressive therapies.

•	 Background immunosuppressive (immuno/ve) therapy: 
patients receiving long-term immunosuppressive therapy 
only .

After initial allocation, the patients moved into an 
‘SSNS relapse’ state either having had a URTI or not, or 
they remained ‘relapse-free’. From the ‘SSNS relapse’ state, 
patients could 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’, or ‘relapse-free’), patients either continued 
with their current background therapy or changed to a new 
therapy following assessment every 3 months (six cycles). 
An assessment of background therapy was performed every 
3 months in the trial; therefore, in line with trial procedures, 
the model was designed to only allow patients to move 
between background therapy groups every 3 months (six 
cycles). The transition probabilities between therapy groups 
were therefore dependent on clinical assessment of the rate 
of relapse in the previous 3 months. Transitions to the ‘No 
background therapy’ group from all other groups were only 
allowed if the patient was ‘relapse-free’ during the previous 
3 months. For the groups ‘Background prednisolone ther-
apy’ and ‘Combination background therapy’ that included 
maintenance prednisolone, the average dose administered at 
recruitment was 0.3 mg/kg.

A 15-day time cycle was deemed clinically meaningful 
based on the definition of a URTI-related relapse, which 
can occur within 14 days from a URTI episode. In the pri-
mary analysis, treatment costs and QALYs were estimated 
for 24 model-cycles (12 months). In the secondary analy-
sis, the time horizon was extended beyond 12 months up 
to age 18 years to observe the long-term treatment costs 
and effects. For the extrapolated model, a starting age of 2 
years was assumed and the model was run for 16 years (384 
model-cycles). Due to the low rates of SSNS relapse among 
adults, a lifetime horizon was not considered relevant. A 
half-cycle correction was applied. The electronic supple-
mentary Appendix describes all model assumptions in full.

2.4 � Model Parameters

All model parameters including mean costs, HRQoL (utility) 
weights and transition probabilities were derived from the 
PREDNOS2 trial data and are summarised in Tables 1 and 
2 and Appendix Tables A1 and A2. A discount rate of 3.5% 

Fig. 1   Markov model structure. URTI upper respiratory tract infec-
tion, SSNS steroid-sensitive nephrotic syndrome

https://www.ons.gov.uk/
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was applied to both costs and outcomes for the secondary 
analysis [20]. All costs are reported in 2019 UK sterling (£).

Table 1 presents the unit costs. Resource use data col-
lected at 3, 6, 9 and 12 months included primary care, hos-
pital admissions, outpatient care, emergency visits and any 
prescribed medication. Staff costs were calculated using 
NHS reference costs [21] and the unit costs of the hospital-
related services were derived from the National Schedule 
of NHS costs 2018/2019 [22]. For hospital admissions, a 
5-day admission episode, which is the maximum expected 
length of stay for nephrotic syndrome in the UK, was used as 
a ‘trim point’ to differentiate between unit costs of episodes 
within and beyond the trim point. When the patient was dis-
charged within 24 h, a regular day-rate tariff was applied. 
For outpatient care, different unit costs were applied for con-
sultant- and non-consultant-led visits. Although resource use 
data of both renal and non-renal aetiology was collected in 
the clinical trial, only renal-related costs were considered for 
the economic analysis. The main justification was that renal-
related episodes, mainly relapses, were expected to be the 
only cost event that would drive the cost difference between 
the intervention and the control arm. Missing information 
on the aetiology of visits or admissions was assumed to be 
non-renal related and were thus excluded. Adverse events 
were not costed separately to avoid double counting, since 
they were related to either outpatient or hospital events and 
were captured within the hospital data.

Treatment costs included immunosuppressants, predni-
solone (both as the study drug and as a maintenance back-
ground treatment, or for relapse treatment) and any other 
prescribed medication. Over-the-counter medicines were not 
included in the analysis. A microcosting approach was used 

that categorised prescribed medication into 36 groups, and a 
mean unit cost was applied to each group with two or more 
drugs. All drug unit costs were estimated using the British 
National Formulary for Children [23].

In the primary analysis, HRQoL utility values were 
estimated using a combination of a crosswalk/mapping 
technique [24] to derive CHU-9D scores from the PedsQL 
responses for patients aged 2–4 years, the direct CHU-
9D responses for patients between 5 and 17 years of age, 
and the direct EQ-5D-3L data for older patients. For more 
details about the mapping algorithm used for patients aged 
2–4 years, please see the study by Lambe et al. [24].

Mean utility values were estimated for each therapy group 
from patients who were relapse-free at each trial follow-up 
point. Where relevant, a disutility associated with a relapse 
was applied regardless of whether a URTI had preceded or 
not. This disutility was estimated as the average difference 
in utility between patients who had experienced a relapse 
and patients who were relapse-free, as follows: patient util-
ity data were collected every 3 months in the trial, at each 
time point these data were used to categorise patients into 
two groups based on whether they had experienced a relapse 
(or not) during the previous 3 months, and then the average 
difference between the utility values was used as a measure 
of disutility associated with a relapse. To calculate quality-
adjusted life-years within the model, the area under the curve 
approach was applied combining the utility estimates with 
time [25]. Table 2 describes both the cost and utility data 
used in the model. Annual costs were divided by 24 to rep-
resent per-cycle costs. The detailed resource use costs per 
therapy group are presented in Appendix Table  A3.

Table 1   Unit costs

NHS National Health Service, BNFc British National Formulary for Children

Health care resource use Unit cost (£) Source

Primary care resource use
 General practitioner consultation (9.22 mins) 39.2 Unit Costs of Health and Social Care 2019 [21]
 Practice Nurse consultation (Band 5 staff) 9.55 Unit Costs of Health and Social Care 2019 [21]
 Other staff (Band 4 staff) 7.49 Unit Costs of Health and Social Care 2019 [21]

Secondary care resource use
 Renal emergency visit (non-elective) 553 NHS national schedule of reference costs 2018/19 [22]
 Renal elective admission (flat rate) 1285 NHS national schedule of reference costs 2018/19 [22]
 Renal elective beyond trim-point (per day/regular day 

tariff)
331 NHS national schedule of reference costs 2018/19 [22]

 Paediatric outpatient (consultant-led) 232 NHS national schedule of reference costs 2018/19 [22]
 Paediatric outpatient (non-consultant-led) 139 NHS national schedule of reference costs 2018/19 [22]

Medication costs
 Background therapy Patient-specific (see 

Appendix Table A2)
BNFc and PREDNOS 2 trial [23]

 Other prescribed medication Patient-specific (see 
Appendix Table A2)

BNFc and PREDNOS 2 trial [23]
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Transition probabilities for moving between the health 
states for each therapy group were calculated from the 
trial data and are described in full in the electronic sup-
plementary Appendix (Model assumptions and Appendix 
Table A1). Following clinical expert advice, the model 
assumed that background therapy could only be altered 
after every 3 months, therefore this transition probability 
was time-dependent and was applied every sixth cycle. Tran-
sitions to the ‘No background therapy’ group from all other 
groups only happened if the patient was clinically assessed 
and relapse-free (relapse-free probabilities).

2.5 � Sensitivity Analysis

Uncertainty was assessed by conducting probabilistic 
(PSA) and deterministic sensitivity analysis (DSA). In the 
PSA, 10,000 Monte Carlo simulations were used to plot a 

cost-effectiveness acceptability curve (CEAC) for different 
willingness to pay (WTP) thresholds for a QALY. Meth-
odological uncertainty around the model parameters and 
model structure was assessed in three DSAs. In DSA1, we 
varied the method for deriving utility values for each age 
group. Compared with the base-case analysis, the CHU-9D 
data were used to obtain utility values for ages 5–11 years 
(ages 5–17 years in the base-case) and EQ-5D-3L data for 
ages 12–18 years (ages older than 17 years in the base-case). 
This age cut-off was chosen because of the guidelines for the 
use of CHU-9D when it was first developed [26]. In DSA2, 
monthly transitions between background therapy groups 
were applied to the model, and in DSA3, we tested the 
uncertainty associated with the disutility value by applying 
a higher value (0.03) of disutility associated with a relapse 
and an extreme scenario of negative disutility or a utility 
gain after relapse (− 0.04) [Table 3]. The upper and lower 

Table 2   Cost and HRQoL data 
accrued over the trial period (12 
months)

HRQoL health-related quality of life, SE standard error, HA hospital admissions, OV outpatient visits, PCV 
primary care visits, AE accident and emergency, URTI upper respiratory tract infection
Costs are presented in UK sterling, year 2019 values

Mean [£] (SE) Distribution

Total healthcare cost (including HA+OV+PCV+AE)
 ‘No background therapy’ group 84.74 (11.13) Gamma
 ‘Background prednisolone therapy’ group 94.48 (19.95)
 ‘Combination background therapy’ group 128.21 (17.56)
 ‘Background immuno/ve therapy’ group 147.32 (23.36)
 Additional costs associated with having a relapse:
  AE visits 691.25 (40.70)
  Hospital admissions 1411.86 (202.05)
  Outpatient visits 241.68 (8.96)

Total medication cost (including background immuno/ve and/or predniso-
lone + other prescribed medication, where relevant)

 ‘No background therapy’ group 47.73 (7.04) Gamma
 ‘Background prednisolone therapy’ group 49.39 (8.90)
 ‘Combination background therapy’ group 214.03 (18.45)
 ‘Background immuno/ve therapy’ group 208.23 (24.00)

Prednisolone costs administered at time of URTI (intervention drug costs)
 ‘No background therapy’ group 1.21 (0.08)
 ‘Background prednisolone therapy’ group 1.22 (0.07)
 ‘Combination background therapy’ group 1.04 (0.07)
 ‘Background immuno/ve therapy’ group 1.56 (0.15)
 Additional prednisolone administered at relapse state
  ‘No background therapy’ group 20.98 (1.33)
  ‘Background immuno/ve therapy’ group 21.41 (1.84)

Utility
 ‘No background therapy’ group 0.9468 (0.0052) Beta
 ‘Background prednisolone therapy’ group 0.9419 (0.0050)
 ‘Combination background therapy’ group 0.9432 (0.0042)
 ‘Background immuno/ve therapy’ group 0.9365 (0.0062)
 Disutility associated with a relapse 0.01 (0.018)
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(extreme scenario of utility gain) bounds correspond to the 
95% confidence interval (CI) of disutility.

A subgroup analysis was also performed to explore the 
uncertainty from using a mapping technique to derive CHU-
9D scores from PedsQL responses. The base-case model at 
1 year was run again after excluding patients aged between 
2 and 4 years to observe if there were any differences in the 
cost-effectiveness results.

3 � Results

3.1 � Primary Analysis

The cost-effectiveness results for the primary analysis (at 
1 year) are summarised in Table 3. These show that low-
dose prednisolone is dominant as it accrued a lower mean 
cost and generated 0.003 more QALYs when compared with 
placebo.

Background therapy was a key driver of costs and effects, 
and it was noted that after 1 year, proportionally more 
patients had moved to the ‘No background therapy’ group 

in the prednisolone arm compared with the standard arm 
(43% vs. 39%) and there was a higher proportion of patients 
in the ‘Combination background therapy’ group within the 
standard arm relative to the prednisolone arm (32% vs. 30%) 
(Appendix Table A4). Although the model only ‘allowed’ 
patients to change background therapy every 3 months, even 
after 1 year these small differences influenced the incremen-
tal cost and effect differences.

The findings of all three DSAs show low-dose predniso-
lone to remain the dominant option throughout. As shown 
in Table 3, the one-way sensitivity analysis (DSA3) con-
firmed the base-case results, therefore no further reporting 
was necessary. In the subgroup analysis, by removing the 
cohort for which the HRQOL values are mapped, the low-
dose prednisolone arm still generated more QALYs when 
compared with placebo and therefore mapping from PED-
SQL to CHU-9D for children aged 2–5 years did not alter 
the overall treatment recommendation (Table 4).

Table 3   Primary and 
deterministic sensitivity analysis 
results

Deterministic Sensitivity Analysis 1 varied the method for deriving utility values (CHU-9D for ages 5–11 
years, EQ5D for ages 12–18 years)
Deterministic Sensitivity Analysis 2 allowed monthly transitions between therapy groups
Deterministic Sensitivity Analysis 3 used different disutility values associated with a relapse (− 0.04; 0.03)
QALYs quality-adjusted life-years, ICER incremental cost-effectiveness ratio

Total mean cost 
(£)

Total mean QALYs ICER (£)

Primary cost-effectiveness results at 1 year
 Low-dose prednisolone 252 0.9427 –
 Placebo 254 0.9424
 Incremental difference 2 − 0.0003 Dominated by prednisolone

Deterministic Sensitivity Analysis 1
 Low-dose prednisolone 252 0.9431 –
 Placebo 254 0.9427
 Incremental difference 2 − 0.0004 Dominated by prednisolone

Deterministic Sensitivity Analysis 2
 Low-dose prednisolone 242 0.9433
 Placebo 249 0.9428 –
 Incremental difference 7 − 0.0005 Dominated by prednisolone

Deterministic Sensitivity Analysis 3 (one-way)
− 0.04 as negative disutility or utility gain applied to relapse event:
 Low-dose prednisolone 252 0.9462 –
 Placebo 254 0.9462
 Mean difference 2 < − 0.0001 Dominated by prednisolone

0.03 as disutility applied to relapse event:
 Low-dose prednisolone 252 0.9412 –
 Placebo 254 0.9408
 Mean difference 2 − 0.0004 Dominated by prednisolone
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3.2 � Secondary Analysis

Table 5 summarises the results of the extrapolated analysis. 
Over 16 years, low-dose prednisolone generated an average 
cost saving of £176 and 0.01 more QALYs when compared 
with placebo and therefore remains the dominant treatment 
option.

3.3 � Probabilistic Sensitivity Analysis

The primary PSA showed that the majority of cost and 
effect distributions lie in the southeast quadrant of the 

cost-effectiveness plane (Fig. 2) and therefore low-dose 
prednisolone is less costly and more effective than placebo. 
When plotted on a CEAC, the probability of prednisolone 
being cost effective at a threshold WTP value of £20,000 is 
approximately 80% (Fig. 3).

Similarly, the PSA results for the secondary analysis 
illustrate that the majority of points in the cost-effectiveness 
plane lie in the southeast quadrant (Fig. 2) and there is a 90% 
probability of low-dose prednisolone being cost effective at a 
WTP threshold of £20,000 (Fig. 3). Low-dose prednisolone 
is therefore considered the most cost-effective option at all 
WTP thresholds.

4 � Discussion

Administering a 6-day course of low-dose prednisolone at 
the time of a URTI for the management of children with 
SSNS leads to reduced costs and increased QALYs when 
compared with placebo. This finding was maintained in the 
extrapolated analysis up to age 18 years and was robust to 
all sensitivity analyses. Therefore, based on a 16-year time 
horizon, placebo is dominated by a 6-day course of low-dose 
prednisolone.

There are two main reasons for this result. First, the cost 
differences were mainly driven by the difference in costs 
of background therapy and the costs associated with hav-
ing a relapse. After 1 year, proportionally more patients in 
the prednisolone arm had discontinued background therapy 
and moved to the ‘No background therapy’ group compared 
with placebo, and there were fewer cases of hospitalisation 
after relapse (Appendix Table A1). When these differences 
were sustained and extrapolated over 16 years, this led to 
a difference in incremental cost. Second, when the utility 
decrement associated with having a relapse was accounted 
for, this led to low-dose prednisolone gaining more QALYs 
compared with placebo.

Table 4   Subgroup analysis results at 1 year

QALYs quality-adjusted life-years, ICER incremental cost-effective-
ness ratio

Subgroup 
analysis

Total mean cost 
per intervention 
(£)

Total mean 
QALYs per inter-
vention

ICER (£)

Daily predniso-
lone

252 0.9434 –

Usual care 254 0.9430
Mean difference 2 − 0.0004 Dominated 

by pred-
nisolone

Table 5   Secondary analysis results

QALYs quality-adjusted life-years, ICER incremental cost-effective-
ness ratio

Secondary analysis Total mean 
cost (£)

Total mean 
QALYs

ICER (£)

Daily prednisolone 2690 11.61 –
Placebo 2866 11.60
Incremental difference 176 − 0.01 Dominated 

by predni-
solone

Fig. 2   Cost-effectiveness planes for primary and secondary analysis. WTP willingness to pay, QALYs quality-adjusted life-years
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These economic findings are particularly interesting as 
the clinical-effectiveness results from the PREDNOS2 trial 
concluded that using prednisolone at the time of a URTI 
does not lead to a statistically significant reduction in SSNS 
relapses and therefore should not be routinely recommended 
as a strategy. It therefore appears that the clinical and cost-
effectiveness results from the PREDNOS2 trial are produc-
ing different recommendations. The explanation for this 
stems from the underlying differences in the theoretical 
approaches, as explained clearly by Claxton [27] and more 
recently Raftery et al. [28]. Unlike the clinical-effectiveness 
analysis, the economic analysis is focused on the ratio of 
costs and outcomes and assessing value, based on what soci-
ety is willing to pay 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, there was a dif-
ference in relapse rate favouring the prednisolone arm. The 
number of relapses reported within the statistical analysis 
by therapy group were equivalent to the number of relapses 
captured within the model. As these relapse episodes are 
frequently associated with high hospital costs and a cor-
responding reduction in HRQoL, this small difference in 
relapse rate, albeit not statistically significant for the clinical 
effectiveness, combined with the difference in costs associ-
ated with background therapy and the relative cheap costs of 
the intervention (prednisolone), led to the low-dose predni-
solone strategy being the ‘dominant’ treatment option. This 
apparent variation in findings between the clinical and cost 
effectiveness of this trial emphasises the importance of the 
morbidity and economic consequences of SSNS relapses as 
well as the salient underlying costs associated with back-
ground therapy. It also highlights our previous point that 
economic evaluation is not about hypothesis testing but 
about decision analysis based on the combined ratio of cost 
and effect, relative to an established threshold cited by the 
National Institute for Health and Care Excellence (NICE).

The robustness of findings was tested in a PSA by plotting 
10,000 paired cost and QALY estimates on the cost-effec-
tiveness plane and CEAC. The incremental net benefit was 
used to construct the CEAC due to well-established limita-
tions when ICERs from bootstrap replicates are spread over 
the four quadrants of the cost-effectiveness plane. Accord-
ing to published recommendations on dealing with uncer-
tainty in cost-effectiveness analyses, CEACs provide a visual 
representation of the joint uncertainty of cost, as well as 
QALY estimates, and thus offer a simple interpretation of 
the results. Given that 95% CIs for cost-effectiveness ratios 
are not always defined, CEACs are considered an effective 
tool for removing reliance on such ratio statistics [29].

To our knowledge, this is the first model-based economic 
evaluation to explore the cost effectiveness of 6-day low-
dose prednisolone at the time of a URTI in a UK population. 
A strength of the study is that it used data from the largest 
ever clinical trial of an investigational medicinal product 
in children with nephrotic syndrome [14]. The study used 
a Markov model to capture disease progression and per-
form the cost-utility analysis; Markov models account for 
the repetitive nature of events while handling concomitant 
treatment consequences on both costs and health outcomes 
[30]. Both methodological and structural uncertainty were 
explored in separate sensitivity analyses. A strength of the 
model is that all parameters were derived from the PRED-
NOS2 trial data collected over 12 months, which was a 
large, methodologically robust, double-blinded, multicen-
tre randomised controlled trial. For the secondary analysis, 
the time horizon was set at 16 years as once patients reach 
adulthood, SSNS tends to be better controlled and the rate 
of relapse substantially falls.

In terms of limitations, the economic model used a 
crosswalk/mapping technique to generate utility values for 
children under 5 years of age and this may have introduced 
additional uncertainty. Although utility values should ide-
ally be derived using direct HRQoL elicitation, no validated 

Fig. 3   Cost-effectiveness 
acceptability curves for primary 
and secondary analysis
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utility-based instrument exists for patients as young as 
2–4 years of age. By excluding this cohort from the sample 
in a subgroup analysis, this did not impact on the ICER.

Another possible limitation was that patients in the model 
could change their background therapy every 3 months but 
not more frequently. The decision to alter background ther-
apy is usually assessed on a patient-by-patient basis by a cli-
nician who has in-depth insight into the patient history, and 
restricting it to every 3 months in the model could poten-
tially have reduced this ‘real-life’ variation and biased the 
results. However, we relaxed this assumption within a sensi-
tivity analysis to a potential change every month and found 
it to have no impact on the ICER. Furthermore, a natural 
decreasing rate of relapse by age was not included to avoid 
adding further uncertainty in the model, since the reduction 
in relapse rate depends on heterogeneous epidemiological 
factors [31]. Additionally, dividing each treatment arm into 
four background therapy groups in the model resulted in 
a small number of patients (about 34) per group, which is 
acknowledged as a limitation of this study. Additional data 
collection would be helpful to further validate the model 
inputs.

The results from the model may have limited generalis-
ability to other populations outside the UK since the model 
only used the PREDNOS2 (and therefore UK) trial data. 
Geographic or other epidemiological factors may affect 
relapse and URTI rates, resulting in differences in disease 
course and treatment therapy, and further research will be 
necessary to assess the cost effectiveness within these coun-
try settings.

5 � Conclusion

This study assessed the cost effectiveness of using low-dose 
prednisolone in patients with SSNS who experience a URTI 
and found it to offer good value for money. It raises impor-
tant questions about treatment recommendations when the 
clinical and economic analysis of trial data produce differ-
ent results. Given the high costs and the HRQOL impacts 
from a relapse, as well as the costs of background therapy, 
prednisolone is a relatively cheap intervention that, from 
an economics perspective, was shown to be a cost-effective 
use of public resources. How this economics evidence is 
weighted against the clinical evidence from the PREDNOS2 
trial is open to debate.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s41669-​022-​00334-6.
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