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Abstract. The treatment of  steroid-resistant minimal 
change nephrotic syndrome (MCNS) continues to pose a 
therapeutic challenge. We conducted a randomised pro- 
spective controlled trial to evaluate the efficacy of  IV cy- 
clophosphamide compared with oral cyclophosphamide in 
13 children with biopsy-proven steroid-resistant MCNS. 
All 7 patients receiving 1V cyclophosphamide achieved 
remission; this was sustained in 4 patients, while 3 re- 
lapsed. However, even these 3 patients subsequently be- 
came steroid sensitive. Of the 6 patients who received oral 
cyclophosphamide, 2 dropped out, 1 responded and 
3 children continued to remain steroid resistant. The chil- 
dren who received IV cyclophosphamide had more sus- 
tained remissions, longer periods without proteinuria and 
fewer significant side effects; this was achieved at a lower 
cumulative dose. 
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Introduction 

Corticosteroids represent the therapy of choice for minimal 
change nephrotic syndrome (MCNS). However, 7% of  
children with MCNS are steroid resistant, i.e. continuing 
non-responders and subsequent non-responders [1]. These 
patients continue to pose a therapeutic challenge to the 
nephrologists. A number of  treatments, including oral cy- 
clophosphamide (OCP), have been tried, without any sus- 
tained benefit in this subgroup of  patients [2 -6] .  In- 
travenous pulse cyclophosphamide (IVCP) has been shown 
to have sustained efficacy in lupus nephritis and other 
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vasculitic disorders [7, 8]. We conducted a prospective 
randomised controlled trial to compare the efficacy of  bolus 
IVCP and OCP in steroid-resistant MCNS patients. 

Patients and methods 

Between 1990 and 1991, 150 children were diagnosed with nephrotic 
syndrome and treated with standard prednisolone therapy [5]. Twenty- 
six were steroid resistant, 20 classified as continuing non-responders, 
while 6 were subsequent non-responders [1]. No patients were positive 
for hepatitis B surface antigen. Of the 20 non-responders, 14 had 
MCNS on renal biopsy; 13 of these were enrolled in the study after 
informed consent. Clinical features of these children are described in 
Table 1. The children were randomized to receive IVCP (group 1) or 
OCP (group 2). There were 7 children in group t; 2 were continuing 
non-responders, while 5 were subsequent non-responders. There were 
6 children in group 2; 3 were continuing non-responders and 3 sub- 
sequent non-responders. Two patients in group 2 were lost to follow-up 
as they moved to another city. 

The patients in group 1 were given pulse IVCP 500 mg/m 2 per 
month for 6 months; group 2 patients received 2.5 mg/kg per day OCP 
for 8 weeks. Both groups were given identical doses of oral predni- 
solone concurrently according to the following schedule - 60 mg/m 2 
per day for 4 weeks, 40 mg/m 2 per alternate day for 4 weeks, which 
was tapered over next 4 weeks. The response was evaluated in terms of 
complete remission (proteinuria <4 rag/m2 per hour and serum albumin 
>35 g/l) and non-remission (proteinuria >40 mg/m z per hour) accord- 
ing to the criteria of the International Study of Kidney Disease in 
Children [5]. The duration of remission, total proteinuria-free days and 
side effects were also studied. 

Results 

The results are shown in Table 2. All the 7 patients in 
group 1 achieved complete remission; in 4 the remission 
was sustained and there was no relapse. The other 3 patients 
relapsed after a mean remission of  8.7 months; however, 
even these patients subsequently became steroid re- 
sponsive. Figure 1 depicts the observed pattern of  pro- 
teinuria in response to IVCR In group 2 only 1 of  the 
4 patients had a sustained remission, while the other 3 did 
not respond and remained non-responsive (Fig. 2). Two 
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Fig. 1. Profile of proteinuria in patients in response to IV pulse 
cyclophosphamide therapy. -@-, Patient 1; -I-, patient 2; --~-, patient 3; 
-[q-, patient 4; -x-, patient 5; -O-,  patient 6; -A-, patient 7; ~., steroid 
therapy 

children had received 36 and 45 days of  OCP therapy, 
without response at the time they were lost to follow-up. 
The mean duration of  proteinuria-free days in group 1 was 
higher than in group 2. Furthermore, patients in group 1 
received 60% lower cumulative doses of cyclophos- 
phamide than those in group 2. Other than transient nausea 
and vomiting, there were less side effects in group 1. One 
of  the children in group 2 developed pneumonia, while no 
infectious complications were observed in group 1. 

D i s c u s s i o n  

This study suggests that IVCP is more effective than OCP 
in steroid-resistant children with MCNS. Patients receiving 
IVCP had a higher frequency of overall remission, longer 
duration of proteinuria-free days, a lower cumulative dose 
and fewer side effects. 
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Fig. 2. Profile of proteinuria in patients in response to oral cyclophos- 
phamide therapy. -O-, Patient 1; -I-, patient 2; --~-, patient 3; -[q-, 
patient 4; ,~, steroid therapy 

The management of  children with steroid-resistant 
MCNS remains a problem [6]. Although a number of 
therapeutic protocols have been advocated for frequently 
relapsing nephrotic syndrome, there are few data in steroid- 
resistant children with MCNS. Zietse et al. [3] found that 
cyclosporine A (CsA) reduced proteinuria in patients with 
nephrotic syndrome refractory to steroid therapy. However, 
the proteinuria recurred on discontinuation of CsA. Pulse 
methylprednisolone therapy has also been tried, but no 
controlled trials are available and the treatment can be as- 
sociated with several side effects, including death [2, 6]. 

OCP therapy has proved to be valuable in overcoming 
the limitations of  steroid therapy in frequent relapsers and 
steroid-dependent children with MCNS [9]. Its effect is 
additive to that of  steroids [10]. Moreover the effect is 
sustained even after discontinuation of  therapy. However, 

Table 1. Clinical features of patients in the study group 

Age at Duration of Sex Pre-therapy investigations 
onset* nephrotic 
(years) syndrome* Serum protein* Serum albumin* Serum creatinine* 24-h urine protein* 

(years) (g/dl) (g/dl) (mg/dl) (g/m 2 per day) 

Group 1 
IV 
Patient no. 1 4 l l  F 3.3 1.4 1.1 1.41 

2 2 8 M 4.1 1.7 1.1 1.20 
3 12 1 M 4.0 2.0 1.0 1.11 
4 2.5 0.5 M 5.5 2.0 0.5 0.98 
5 4.0 12 M 4.2 2.3 1.0 1.10 
6 0.5 8.5 M 4.6 2.1 0.7 0.99 
7 3.0 9.0 M 3.2 1.0 0.6 1.22 

Mean _-4- SD 4.0+3.73 7.14_+4.51 4.12_+0.78 1 . 7 8 - + 0 . 4 5  0.85+_0.25 1.14-+0.14 

Group 2 
Oral 

Dropped out 
Dropped out 

1 14.0 0.5 M 5.2 2.0 1.0 1.01 
2 6.5 6.5 M 4.1 1.6 0.5 1.41 
3 11.5 3 M 5.0 2.2 0.5 1.31 
4 1.0 8 M 3.3 1.7 1.0 [.20 
5 2.0 7 M 3.0 1.5 0.7 0.97 
6 1.5 10 F 3.2 1.3 0.4 1.03 

Mean _+ SD 6.08___5.5 5.83• 3.94-0.95 1.714-0.33 1.034-0.56 1.15• 

* p >0.05 



Table 2. Comparison of response to the treatment regimens a 

Group 1 Group 2 
IV cyclosphamide Oral cyclophosphamide 
(n = 7) (n : 4) 

Remission 7 (100%) 1 (25%) 

Mean proteinuria-free 274.3 -I- 44.6 165 _+ 165 
days 

Follow-up (months) 12 _+ 1.4 13_+ 3.9 

Cumulative dose 90 mg/kg 150 mg/kg 

Side effects 
Vomiting 4/7 0 
Infection 0 1/4 
Alopecia 0 2/4 

Values are mean _+ SEM 

similar results have not been obtained in steroid-resistant 
patients [6]. Most authors agree that the duration of re- 
mission induced by alkylating agents is roughly propor- 
tional to the length of the course of treatment. However, the 
potential side effects of these drugs has led to limitation of 
their use. The response rate with OCP has varied from 
27.2% to 50% [11, 12]. The observed response rate of 25% 
with the oral therapy in the present study is consistent with 
these reports. 

In our study IVCP was found to be beneficial in all 
7 children to whom it was administered. In 5 of these the 
remission was sustained after completion of six monthly 
pulses of IVCR The mean duration of proteinuria-free days 
in this group was 274.3 days, with a mean duration of 
follow-up of 12 months. Although nausea and vomiting 
were more frequent in these patients, they were essentially 
self l imiting and did not recur when bolus therapy was 
administered over a longer period of 4 h. There were no 
potentially serious side effects such as leucopenia, infec- 
tions, alopecia and haemorrhagic cystitis. Long-term eva- 
luation of the gonadal function of these children is being 

planned. Although our results are preliminary, they do 
suggest a possible successful treatment for steroid-resistant 
children with MCNS. 
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Tubular proteinuria in steroid sensitive multi-relapsing nephrotic syndrome 

A. I. Piqueras, V. Shah, S. A. Hulton, I'. M. Barratt, and M. J. Dillon 

The urinary excretion of N-acetyl-[3-D-glucosaminidase (UNAG) and 
retinol binding protein (URBP) was studied in 65 with steroid sen- 
sitive multirelapsing nephrotic syndrome (MRNS): 28 on cyclos- 
porin A (CyA) therapy, 22 on prednisolone (P), 15 off-treatment and in 
32 normal children to assess renal tubular damage or dysfunction. The 
urinary protein excretion was expressed in relation to that of creatinine 
(UNAG/UC in t-tmol pnp/h/mmol; URBP/UC in gg/mmol). There was 
a weak but significantly negative correlation between age and both, 
UNAGAJC (r = -0.38, p <0.01) and URBP/UC (r = -0.50), p <0.05) in 
normal children, but not in nephrotics. In normals and in patients off 

steroids an association between these two proteins was found (r = 0.38, 
p <0.05; r = 0.56, p <0.05 respectively). Geometric mean UNAG/UC 
was significantly higher in nephrotics on CyA therapy (26.5_+4.0), 
and on P (37.0___7.9) as well as in those off-treatment (16.3_+3.1) 
compared to normal children (9.3 _+ 3.4). There was a further increase 
in those with raised urinary albumin: creatinine ratio (UA/UC) 
(>0.1 mg/mg). URBP/UC was not increased in any of the groups of 
children with MRNS. Raised NAG in urine may therefore indicate 
active nephrotic syndrome rather than being due to the drug therapy. 


