
The clinical effectiveness and 
cost-effectiveness of treatments 
for children with idiopathic 
steroid-resistant nephrotic 
syndrome: a systematic review

JL Colquitt,1* J Kirby,1 C Green,1 K Cooper1

and RS Trompeter2

1 Southampton Health Technology Assessments Centre, 
University of Southampton, UK

2 Great Ormond Street Hospital NHS Trust, London, UK

* Corresponding author

HTAHealth Technology Assessment 
NHS R&D HTA Programme
www.hta.ac.uk

Health Technology Assessment 2007; Vol. 11: No. 21

Executive summaryTr
ea

tm
en

ts
 fo

r 
ch

ild
re

n 
w

it
h 

id
io

pa
th

ic
 s

te
ro

id
-r

es
is

ta
nt

ne
ph

ro
ti

c 
sy

nd
ro

m
e

Copyright notice
© Queen's Printer and Controller of HMSO 2007HTA reports may be freely reproduced for the purposes of private research and study and may be included in professional journals provided that suitable acknowledgement is made and the reproduction is not associated with any form of advertisingViolations should be reported to hta@hta.ac.ukApplications for commercial reproduction should be addressed to HMSO, The Copyright Unit, St Clements House, 2–16 Colegate, Norwich NR3 1BQ



How to obtain copies of this and other HTA Programme reports.
An electronic version of this publication, in Adobe Acrobat format, is available for downloading free of
charge for personal use from the HTA website (http://www.hta.ac.uk). A fully searchable CD-ROM is
also available (see below). 

Printed copies of HTA monographs cost £20 each (post and packing free in the UK) to both public and
private sector purchasers from our Despatch Agents.

Non-UK purchasers will have to pay a small fee for post and packing. For European countries the cost is
£2 per monograph and for the rest of the world £3 per monograph.

You can order HTA monographs from our Despatch Agents:

– fax (with credit card or official purchase order) 
– post (with credit card or official purchase order or cheque)
– phone during office hours (credit card only).

Additionally the HTA website allows you either to pay securely by credit card or to print out your
order and then post or fax it.

Contact details are as follows:
HTA Despatch Email: orders@hta.ac.uk
c/o Direct Mail Works Ltd Tel: 02392 492 000
4 Oakwood Business Centre Fax: 02392 478 555
Downley, HAVANT PO9 2NP, UK Fax from outside the UK: +44 2392 478 555

NHS libraries can subscribe free of charge. Public libraries can subscribe at a very reduced cost of 
£100 for each volume (normally comprising 30–40 titles). The commercial subscription rate is £300 
per volume. Please see our website for details. Subscriptions can only be purchased for the current or
forthcoming volume.

Payment methods

Paying by cheque
If you pay by cheque, the cheque must be in pounds sterling, made payable to Direct Mail Works Ltd
and drawn on a bank with a UK address.

Paying by credit card
The following cards are accepted by phone, fax, post or via the website ordering pages: Delta, Eurocard,
Mastercard, Solo, Switch and Visa. We advise against sending credit card details in a plain email.

Paying by official purchase order
You can post or fax these, but they must be from public bodies (i.e. NHS or universities) within the UK.
We cannot at present accept purchase orders from commercial companies or from outside the UK.

How do I get a copy of HTA on CD?

Please use the form on the HTA website (www.hta.ac.uk/htacd.htm). Or contact Direct Mail Works (see
contact details above) by email, post, fax or phone. HTA on CD is currently free of charge worldwide.

The website also provides information about the HTA Programme and lists the membership of the various
committees.

HTA



Background
Nephrotic syndrome is a collection of signs and
symptoms, including protein in the urine, low
blood protein levels, high cholesterol levels and
swelling. First line treatment is with oral
corticosteroids, but some children do not respond
to this treatment. The optimal treatment of steroid-
resistant nephrotic syndrome (SRNS) is uncertain.

Objectives
The objectives of this review were to assess the
clinical effectiveness and cost-effectiveness of
treatments for children with idiopathic SRNS.

Methods
Data sources
Electronic databases were searched from inception
to February 2006. Bibliographies of included
studies and related papers were checked for
relevant studies. Experts were contacted for advice
and peer review and to identify additional studies.

Study selection
Titles and abstracts were screened for eligibility by
one reviewer and checked by a second. Inclusion
criteria were applied to the full text of selected
papers by two reviewers, with differences resolved
though discussion. Inclusion criteria were:

● intervention: high-dose steroids,
immunosuppressive agents, alkylating agents,
plasma exchange therapy, angiotensin-
converting enzyme inhibitors or fish oils 

● patients: children aged 1–18 years with
idiopathic SRNS 

● studies: systematic reviews of randomised
controlled trials (RCTs), RCTs, controlled
clinical trials, prospective cohort studies with
concurrent controls and economic evaluations;
abstracts were considered if sufficient
information was presented; non-English-
language studies were excluded

● outcomes: remission rates, relapse rates, renal
function, adverse effects, long-term renal survival,
quality of life, costs and cost-effectiveness.

Data extraction and quality assessment
Data extraction and quality assessment were
undertaken by one reviewer and checked by a
second, with differences resolved though
discussion. The quality of included studies was
assessed using criteria from the NHS Centre for
Reviews and Dissemination.

Data synthesis
The clinical effectiveness data were synthesised
through a narrative review with full tabulation of
results. Meta-analysis was undertaken, where
appropriate, using the random effects model.
Where data allowed, subgroup analysis was
undertaken according to renal histopathology [e.g.
minimal change nephrotic syndrome (MCNS),
focal segmental glomerulosclerosis (FSGS)].

Results
Number and quality of studies
Two systematic reviews and 11 trials were included
in the systematic review of clinical effectiveness.
The quality of reporting and methodology of the
included studies was generally poor. No economic
evaluations were identified.

Summary of benefits and risks
No statistically significant difference in remission
rates was found between cyclophosphamide plus
prednisone and prednisone alone for all children
[relative risk (RR) 1.15, 95% confidence interval
(CI) 0.65 to 2.05] or those with FSGS (RR 1.01,
95% CI 0.43 to 2.37). Time to response was
statistically significantly less with cyclophosphamide
[38.4 days (range 6–80) versus 95.5 days (range
61–129), p < 0.05]. Death occurred in five patients.
Remission rates were not statistically significantly
different between intravenous and oral
cyclophosphamide. Vomiting was common with
intravenous cyclophosphamide, while pneumonia
and alopecia occurred in the oral group.

Ciclosporin statistically significantly increased the
number of children (both MCNS and FSGS
included) with complete remission compared with
placebo or supportive treatment (RR 7.66, 95% CI
1.06 to 55.34), but not for the FSGS subgroup 
(RR 5.83, 95% CI 0.75 to 45.09). One trial 
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did not contribute to the summary statistic as no
patient in either group had remission. One study
reported no major side-effects. Adverse effects
including infection and hypertension differed little
between groups.

No differences were found between azathioprine
and placebo, with about 13% of each group having
remission. 

Complete or partial remission occurred in 
six out of seven patients on the 18-month
methylprednisolone regimen and three out 
of five patients on the 6-month regimen. 
Renal function improved in both groups. Adverse
events such as hypertension and frequent
infections occurred in both groups. One death
occurred.

Intravenous dexamethasone and
methylprednisolone produced similar complete
remission rates (35.1%, 95% CI 22.9 to 48.9,
versus 33.3%, 95% CI 14.6 to 46.9) and partial
remission rates (12.3%, 95% CI 5.0 to 23.7 versus
14.3%, 95% CI 3.0 to 36.3). Median time to
response (about 10 days) and total number of
adverse events were also similar. The most
common adverse event was hypertension. 
There was a statistically significant decrease 
in median urine to albumin creatinine ratio in
both groups. 

Six-hour urinary albumin and urinary albumin to
creatinine ratio decreased statistically significantly
with high-dose but not low-dose enalapril. The
difference in the urine albumin to creatinine ratio
reduction percentage between the two groups was
statistically significant in the period before cross-
over only. A small number of patients experienced
dry cough.

Tuna fish oil was not associated with any
statistically significant improvements in
proteinuria, creatinine clearance, serum creatinine
or lipid profiles compared with placebo.

Summary of costs
A very limited literature was found on costs
associated with SRNS in children. Costs consisted
of treatment costs, longer term monitoring and
management costs, and longer term costs for
patients who progress to end-stage renal failure.
The pharmaceutical cost of treatment varied
considerably: an 8-week course of
cyclophosphamide cost less than £6, while a
course of ciclosporin cost almost £900 per year.
Treatment with tacrolimus, an alternative to

ciclosporin, was estimated to cost in excess of
£3400 per year. In addition to pharmaceutical
costs, healthcare medical management costs were
estimated; varying by treatment strategy, they
ranged from £250 to £930 per year in patients not
experiencing complications. Other longer term
costs may be incurred; these may comprise the
cost of care for longer term side-effects and
complications, and costs associated with the onset
and management of renal failure. Children who
fail to respond to treatment are at high risk of
developing end-stage renal failure, the costs of
which are considerable. 

Summary of cost-effectiveness
No published evidence on the cost-effectiveness of
treatments for SRNS in children was identified.
Subsequent searches were undertaken to identify
economic evaluations and economic evidence 
for SRNS in adults. The current data are sparse
and the modelling of the cost-effectiveness of
current treatments for SRNS is not feasible at
present. It is clear that in future cost-effectiveness
analysis it would be inappropriate to compare
interventions with a ‘no treatment’ alternative. 
It is suggested here that ciclosporin be used 
as the comparator strategy in future cost-
effectiveness analysis, and that the appropriate
patient group for analysis may be those patients
either not indicated for cyclophosphamide
treatment and/or not responding to
cyclophosphamide, who would typically be 
treated with ciclosporin. Where appropriate 
data on clinical effectiveness were available, 
a framework for the assessment of the 
cost-effectiveness of treatment for SRNS was
identified in the current review. 

Conclusions
Implications for healthcare
The clinical effectiveness literature on treatments
for idiopathic SRNS in children is very limited.
The available evidence suggests a beneficial 
effect of ciclosporin on remission rates and of
cyclophosphamide on time to remission; 
however, the strength of the conclusions drawn is
limited by the poor quality of the included studies.
The other treatments included in this review were
each evaluated by only one study, 
and none found a statistically significant effect.
There is insufficient evidence to determine
whether or not there is a clinically significant
difference. No economic evaluations were
identified. The available data on costs and
outcomes are sparse and do not permit the
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reliable modelling of the cost-effectiveness of
treatments for SRNS at present. A modelling
framework is suggested, should more relevant
data become available.

Recommendation for future
research
A well-designed adequately powered RCT
comparing ciclosporin with other treatments in
children with SRNS without genetic mutation is
required.

Publication
Colquitt JL, Kirby J, Green C, Cooper K,
Trompeter RS. The clinical effectiveness and 
cost-effectiveness of treatments for children with
idiopathic steroid-resistant nephrotic syndrome: 
a systematic review. Health Technol Assess
2007;11(21).
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