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Abstract We compared, in a randomized controlled trial, the
efficacy of a regimen based on intravenous (i.v.) cyclophos-
phamide therapy with a combination of i.v. dexamethasone
and oral cyclophosphamide therapy in inducing remission in
patients with steroid-resistant nephrotic syndrome (SRNS).
During April 2001 to December 2003, 52 consecutive patients
with idiopathic SRNS, normal renal function and renal
histology findings showing minimal change disease, focal
segmental glomerulosclerosis or mesangioproliferative glo-
merulonephritis were enrolled into the study. Patients in group
I received i.v. injection of cyclophosphamide once a month for
6 months and prednisolone on alternate days. Those in group
IT received i.v. treatment with dexamethasone (initially on
alternate days, later fortnightly and monthly; total 14 doses),
oral cyclophosphamide therapy (for 3 months) and prednis-
olone on alternate days. Data from 49 patients (26 in group I,
23 in group II) were analyzed; their clinical and biochemical
features were similar at inclusion. Following treatment,
complete remission was seen in 53.8% and 47.8% patients
in groups I and I1, respectively (P=0.6). Long-term follow up
showed favorable outcome in 14 (53.8%) patients in group I,
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and 9 (39.1%) in group II. Chief adverse effects, including
cushingoid features and serious infections, were similar in
both groups. Patients receiving i.v. dexamethasone therapy
commonly showed hypertension and hypokalemia, while
vomiting and reversible alopecia occurred in those receiving
i.v. treatment with cyclophosphamide. In patients with
SRNS, the efficacy of treatment intravenously with cyclo-
phosphamide and orally with prednisolone was similar to the
combination of dexamethasone intravenously, orally admin-
istered cyclophosphamide and prednisolone.

Keywords Focal segmental glomerulosclerosis -
Minimal change disease - Steroid resistant nephrotic
syndrome

Introduction

The treatment of patients with steroid-resistant nephrotic
syndrome (SRNS) is difficult [1]. A number of medications
have been used for the treatment of these patients, with
variable results. Long-term treatment with calcineurin
inhibitors is effective in a significant proportion of patients,
but its cost and risk of nephrotoxicity limits its use as the
first line agent [2—4]. Tune et al. proposed the intravenous
(i.v.) use of high doses of corticosteroids combined with
oral administration of cyclophosphamide with satisfactory
results [5, 6]. This regimen requires multiple hospital
admissions and monitoring for corticosteroid side effects.
The efficacy of i.v. treatment with cyclophosphamide in
patients with lupus nephritis and other vasculitides has led
to its use in patients with SRNS [7, 8].

We have previously shown that a modified regimen
requiring less frequent i.v. administration of corticosteroids
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achieved outcomes in SRNS, similar to that reported by
Tune et al. [5, 9]. While there are no controlled trials that
have compared the efficacy of intravenously administered
methylprednisolone with intravenously administered dexa-
methasone, we reported that these agents had similar
efficacy in inducing remission [10]. Furthermore, a small
proportion of patients showing lack of response to i.v.
treatment with dexamethasone showed remission of pro-
teinuria with six i.v. doses of once-monthly cyclophospha-
mide [11]. The latter regimen is apparently convenient and
requires fewer hospital admissions than does the former.

Since there are no prospective studies comparing the
efficacy of these regimens, we conducted this randomized
controlled trial to compare the efficacy and safety of initial
treatment with intravenously administered cyclophospha-
mide and orally administered prednisolone versus the
combination of i.v. dexamethasone, oral cyclophosphamide
and prednisolone treatment in inducing remission in
patients with idiopathic SRNS.

Patients and methods

Consecutive patients of idiopathic SRNS, between 1 year old
and 18 years-old, with renal histology findings suggestive of
minimal change disease (MCD), focal segmental glomerulo-
sclerosis (FSGS) or mesangioproliferative glomerulonephritis
(MesPGN) presenting to this hospital between April 2001 and
December 2003 were eligible. Subjects with secondary
nephrotic syndrome, e.g. lupus nephritis, immunoglobulin
(Ig)A nephropathy, vasculitis and hepatitis B antigenemia,
patients with renal dysfunction [estimated glomerular filtra-
tion rate (GFR) below 60 ml/min per 1.73 m* body surface
area] [12], and those previously treated with calcineurin
inhibitors or immunosuppressive agents other than oral
corticosteroids were excluded. The treatment protocol was
approved by the Departmental Review Board. Informed,
written parental consent was obtained prior to the study.

Nephrotic syndrome was defined as presence of ne-
phrotic range proteinuria (>1 g/m? per day or 3+ or more
on dipstick test), hypoalbuminemia (<2.5 g/dl), and edema.
Initial steroid resistance was defined as failure of the
condition to respond to oral treatment with prednisolone at
a dose of 2 mg/kg per day for 4 weeks [13]. Patients whose
condition responded initially but failed to respond to 4-
weeks’ daily treatment with prednisolone in subsequent
relapses were labeled as late resistance.

Randomization
Stratified randomization, in blocks of four, was done sep-

arately with computer-generated numbers to allocate patients
with initial and late steroid resistance randomly into groups I
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and II. Allocation was concealed in sealed opaque envelopes,
which were opened by an associate not involved in the study.

Treatment

Group I patients received i.v. pulses of cyclophosphamide at
a dose of 500 mg/m? (maximum single dose 1 g) once every
month for 6 months in the induction phase. The dosage was
increased by 125 mg/m” per month to a maximum of
750 mg/m? if there had been no reduction in proteinuria by
3 months. Mercaptoethane sulfonate sodium (MESNA) was
co-administered intravenously if the dose of cyclophospha-
mide was 750 mg/m” or if there were features of bladder
irritability or hematuria during a previous infusion. All
subjects received prophylaxis for emesis with ondansetron
(0.45 mg/kg, intravenously). Total leukocyte counts were
estimated 4—7 days before the next i.v. pulse; treatment was
deferred if counts were fewer than 3,000/mm> or in the
presence of systemic infection. The patients also received
oral treatment with prednisolone at a dose of 1.5 mg/kg on
alternate days for the first month, 1.25 mg/kg the next month
and 1 mg/kg for 4 months (Table 1). During the 12-month
maintenance phase, alternate-day therapy with prednisolone
was continued (Table 1).

Group II patients received dexamethasone intravenously
at a dose of 5 mg/kg (maximum single dose 150 mg)
initially on alternate days, then fortnightly and finally once
a month in the induction phase (Table 1). They also
received cyclophosphamide orally for 12 weeks during the
induction phase. Prednisolone was administered, during
both phases, as in group L.

Table 1 Treatment protocols. Patients in both groups received enalapril
(0.3 mg/kg per day in two divided doses) and calcium carbonate
(250-500 mg once daily) during induction and maintenance phases

Induction (0—6 months)

Group |

Cyclophosphamide intravenously

500750 mg/m? infused in 200 ml
saline solution over 2-3 h; given
once a month for 6 months

Group 1I

Dexamethasone intravenously

5 mg/kg infused in 200 ml
saline solution; on alternate
days (6 pulses), fortnightly
(4 pulses) and monthly

(4 pulses)

Cyclophosphamide orally

2 mg/kg daily from 3—14 weeks

Prednisolone (on alternate days) (starting week 1)

1.5 mg/kg for 1 month; 1.25 mg/kg for 1 month; 1 mg/kg

for 4 months

Maintenance (7—18 months)
Prednisolone 0.5 mg/kg on alternate days for 12 months
Treatment for relapses
Prednisolone 2 mg/kg per day for 2 weeks; 1.5 mg/kg on alternate
days for 4 weeks, taper
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In addition to specific therapy, all subjects also received
treatment with enalapril at a dose of 0.3 mg/kg daily in two
divided doses; frusemide was used for control of edema, if
necessary. None of the patients received lipid-lowering
agents. Relapses during the maintenance phase were treated
orally with prednisolone at a dose of 2 mg/kg per day for 2
weeks, followed by 1.5 mg/kg on alternate days for another
4 weeks, with subsequent tapering. The parents were
instructed to examine the morning urine protein by dipstick
test every other day and record the results in a diary. Blood
counts and levels of urea, creatinine, albumin and choles-
terol were measured every month until 6 months and then
3-4 monthly. Urine was examined for spot protein-to-
creatinine ratios (Up/Uc, milligrams per milligram) at each
visit. The height and weight standard deviation scores
(SDS) [14] were recorded at inclusion and end of therapy.

Side effects of medications, including hypertension,
arrhythmia, dyselectrolytemia, infections, cushingoid fea-
tures (moon facies, truncal obesity, cutaneous striae and
facial plethora), subcapsular cataract, features of steroid
encephalopathy, vomiting, alopecia, skin rash and hemor-
rhagic cystitis, were recorded.

Outcome

Short-term outcome was assessed at the end of the 6-months
induction phase. Complete remission was defined as nega-
tive findings for urine protein or a trace by dipstick test for 3
consecutive days or Up/Uc<0.2, serum albumin >2.5 g/dl
and no edema. Partial remission was 1+/2+ proteinuria by
dipstick test or Up/Uc between 0.2 and 2.0, serum albumin
>2.5 g/dl and no edema. Non-response was 3+/4+ protein-
uria by dipstick test or Up/Uc of more than 2.0, serum
albumin <2.5 g/dl or edema. Failure of therapy was defined
as: (a) non-response at 6 months, or (b) failure of the patient
to complete the treatment due to either serious side effects
(steroid-induced encephalopathy, seizures or arrhythmias) or
occurrence of more than one episode of serious systemic
infection (pneumonia, sepsis, peritonitis, cellulitis or menin-
gitis). These subjects were excluded from further analysis
and offered alternative treatment.

Long-term outcome was determined at the end of the
maintenance phase, or until the beginning of alternative
treatment, whichever was earlier. The outcome was consid-
ered favorable if patients continued to show complete or
partial remission or steroid-sensitive relapses. Persistent
nephrotic range proteinuria or GFR below 60 ml/min per
1.73 m* was an unfavorable outcome.

Statistical analysis

Data are expressed as medians (ranges); statistical analysis
was done with Wilcoxon rank sum test for continuous

variables and chi-square tests (for discrete variables). Stepwise
logistic regression analysis was done to identify variables that
could affect response; P<0.05 was considered significant.

Results

Of 68 eligible patients with idiopathic SRNS, secondary to
MCD, FSGS or MesPGN, 16 were excluded, since they had
received previous therapy with cyclophosphamide (eight
patients), cyclosporine (five patients) and levamisole (three
patients). Of those included, 27 (19 boys) were randomly
allocated to group I, and 25 (16 boys) to group II. Three
patients (one in group I and two in group II) were excluded
during the first 3 months due to non-compliance with
treatment; data from 49 patients was finally analyzed

(Fig. 1).
Baseline features

Eighteen (36.7%) patients had initial resistance and 31
(63.3%) late resistance. Renal histology showed MCD in
24 (49%), FSGS in 14 (28.6%) and MesPGN in 11
(22.4%). Although patients’ age at onset of nephrotic
syndrome and inclusion in the study were higher in group
II, the difference was not statistically significant (P=0.11).
Other features, including duration of resistance prior to
inclusion, proportion of patients with initial resistance,
renal histology and biochemical features, were comparable
(Table 2).

Short-term outcome

Following i.v. therapy with cyclophosphamide (group I), 14
(53.8%) patients had complete remission, two (7.7%)
partial remission and ten (38.5%) either showed no
response (seven patients) or had discontinued their therapy
due to multiple episodes of serious infections (three
patients). Similar outcomes were seen in patients treated
with the combination of dexamethasone pulses and orally
administered cyclophosphamide, where complete remission
was seen in 11 (47.8%) and partial remission in two (8.7%)
patients. Ten (43.5%) patients in group II either showed no
response (five patients) or had discontinued their treatment
due to steroid encephalopathy (one) or multiple episodes of
serious infections (four patients). Kaplan—-Meier analysis
showed similar proportions of patients with complete
remission in the two groups (Fig. 2).

Following 6 months of induction therapy, the median
blood levels of albumin increased, and cholesterol levels
and Up/Uc ratio reduced within each group (Table 3). There
were, however, no significant differences in these levels
and estimated GFR between the groups.
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Fig. 1 Course in group I (pulse
treatment with cyclophospha-
mide, prednisolone) and group
II (pulse treatment with dexa-
methasone, cyclophosphamide
orally, prednisolone). Short-term
outcome was assessed at the end
of 6 months of intensive therapy,
and long-term outcome was
assessed 12 months later. The
outcomes were similar in both
treatment regimens. CR com-
plete remission, PR partial re-
mission, NR no response

1 excluded <-

CR 14 (53.8%)

Favorable
N=14 (53.8%)

Factors affecting response to treatment

Patients showing complete or partial remission had been
younger at onset of nephrotic syndrome (median age
27.5 months and 48 months in groups I and II,
respectively) than those with no response (respective
median ages 43 months and 68 months); however, these
differences were not significant. Similarly, in both groups,
patients showing complete or partial remission were
approximately 20 months younger at inclusion into the
study than those not responding. In group I, partial or
complete remission was achieved in six of ten (60%)
patients with initial steroid resistance and ten of 16
(62.5%) patients with late steroid resistance. The respec-

Table 2 Baseline clinical and histological features. Values are
medians (ranges). BP blood pressure, SDS standard deviation score,
GN glomerulonephritis

Group I (n=27)
Analyzed 26

I

PR2(7.7%) NR10 (38.5%)

Parameter Group 1 Group II
(n=26) (n=23)

Age at onset, months 36 (13-144) 48 (12-195)

Age at inclusion, months 51 (16-156) 92 (15-198)

Duration of resistance, 3 (1.5-96) 3 (1-37)

months
Systolic BP, mmHg

104 (80-140)

106 (90-120)

Diastolic BP, mmHg 70 (60-100) 70 (50-74)

Height SDS -1.1(-1.3t0—09) -14(-1.7to-1.3)
Weight SDS —1.0 (-1 to —0.8) -1.2 (-1.4t0 -0.9)
Initial resistance 10 (38.5%) 8 (34.8%)
Minimal change 13 (50%) 11 (47.8%)

disease

Focal glomerulosclerosis 6 (23.1%) 8 (34.8%)
Mesangial proliferative 7 (26.9%) 4 (17.4%)

GN
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Steroid Resistant Nephrotic Syndrome (N=68)

l- --> 16 excluded: prior use of cyclophosphamide, CsA

Stratified randomization (n=52)

—

Group II (n=25)

Analyzed 23 ->  2excluded
PR2(8.7%) NR10 (43.5%)

CR 11 (47.8%)

Unfavorable
N=12 (46.2%)

Unfavorable

Favorable N=14 (60.9%)

N=9 (39.1%)

tive remission rates among patients with initial and late
resistance in group II were five of eight (62.5%) and eight
of 15 (53.3%), respectively. Nine of 13 (69.2%) patients in
group I, and seven of 11 (63.6%) in group II with MCD
showed complete or partial remission. Among patients
with FSGS and MesPGN, seven of 13 (53.8%) in group I
and six of 12 (50%) in group II showed remission. The
renal histology and presence of tubulointerstitial changes
were not related to response to treatment.

Stepwise logistic regression analysis showed that female
gender [odds ratio (OR) 7.5, 95% confidence interval (95%
CI) 1.2-46.4; P=0.03] was the only significant predictor of
complete or partial remission. Factors not predictive of
response included the patient’s age at onset (OR 0.99, 95%
CI 0.97-1.0; P=0.4), histology (OR 0.9, 95% CI 0.3-2.4;
P=0.8), baseline blood levels of albumin (OR 2.4, 95% CI

1.00

0.754

0.50

0.25+

uoissiwal 818]dwod Ul Jou uoiuodoid

0.00+

T T T T

0 2 4 6
Time to remission (months)

Group |
Fig. 2 Kaplan—Meier analysis showing no difference in the proportion
of patients not achieving complete remission during induction; log rank
test, P=0.6. Group I (cyclophosphamide intravenously and predniso-
lone) represented by solid line, group 1I (dexamethasone intravenously,
cyclophosphamide orally and prednisolone) by small dots

........... Group 1]
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Table 3 Short-term and long-term outcome in the two groups. Values
refer to medians (range)

Parameter Group I (n =26) Group Il (n =23) P*

Short-term outcome (end of induction)

Complete remission 14 (53.8%) 1 (47.8%)
Partial remission 2 (7.7%) 2 (8.7%)
No response 10 (38.5%) 10 (43.5%) 0.7

Up/Uc ratio, mg/mg
Baseline
After initial therapy
Serum albumin, g/dl
Baseline 2.2%* (1.2-3.5)
After initial therapy  4.0%* (2.2-4.9)
Serum cholesterol, mg/dl
Baseline 395* (227-786)
After initial therapy  166* (97-330)
GFR, ml/min per 1.73 m?

Baseline 100.9 (68-160.5)
After initial therapy  103.4 (50-152)
Long-term outcome (end of maintenance)
Favorable 14 (53.8%)
Unfavorable 12 (46.2%)

5.9%* (1.7-33.8)
1.6%* (0.01-4.5)

8.9% (0.7-24.7)
4.5% (0.5-4.6) 0.2

1.7% (0.9-3.8)
3.1% (1.2-4.8) 0.7

356* (296-1014)
280* (145-602) 0.5

106.9 (78.5-153)
106.5 (50-142) 0.8

9 (39.1%)
14 (60.9%) 0.2

*P <0.05, **P <0.01 for within group comparisons (Wilcoxon sign
rank test)
#For comparison between groups (Wilcoxon rank sum test)

0.8-6.7; P=0.1) and cholesterol (OR 1.0, 95% CI 0.99-
1.01; P=0.5), creatinine clearance (OR 0.99, 95% CI 0.96—
1.03; P=0.6) and urine protein-to-creatinine ratio (OR 1,
95% CI 0.8-1.3; P=0.8). The response to therapy was
similar in patients with initial or late resistance (OR 2.4,
95% CI 0.3-17.7; P=0.4).

Long-term course

In both groups, patients with complete remission (14 in group
I'and 11 in group II) showed sustained remission or steroid-
sensitive relapses. Of the 14 patients with complete remission
in group I, 11 (78.6%) were still in remission, while three
patients had had steroid-sensitive relapses, at the last follow-
up examination. In the two patients with partial remission, one
patient’s condition became steroid resistant. Similarly, in
group II, of the 11 patients with complete remission, nine
(81.8%) had sustained remission while two had steroid-
sensitive relapses at the last follow-up examination. The
condition of both patients with partial remission became
steroid resistant. All patients that had not responded at the end
of 6-months’ initial therapy in either group continued to show
nephrotic-range proteinuria, and one patient each from groups
I and II showed deteriorating kidney function (CKD stages
I-IV) on follow up. Favorable outcome was seen in 14
(53.8%) patients in group [ and 11 (47.8%) in group II at long-
term follow-up examination (P=0.2).

Adverse effects

Patients in both groups showed cushingoid features and
were at risk for systemic infections (Table 4). Pneumonia
(six patients) was the commonest infection, followed by
peritonitis (three patients), cellulitis (three patients) and
meningitis (two patients). Most infections (85.7%) oc-
curred in the first 3 months of treatment. Intravenous
administration of dexamethasone was associated with
hypertension in ten patients and hypokalemia (serum
potassium <3.5 mEq/l) in seven (30.4%). Adverse effects
specifically associated with i.v. use of cyclophosphamide
included vomiting, reversible alopecia, hemorrhagic cys-
titis and leukopenia.

Discussion

The management of SRNS is challenging, with patients at
risk for complications of unremitting nephrotic syndrome
and end-stage renal disease. Multiple therapies have been
proposed for treatment of these patients [3]. Tune et al.
showed beneficial results in 65% patients treated with
multiple i.v. pulses of methylprednisolone, cyclophospha-
mide orally for 8-12 weeks, and tapering doses of
prednisone over 30 months [5, 6]. In view of significant
steroid toxicity and need for several admissions for the
infusions, many centers have used shorter protocols with
comparable benefit, ranging between 30%and70% [3, 15].
A study from this center, using an abbreviated protocol of
steroids intravenously and cyclophosphamide orally,
showed remission in 25 of 59 (42.4%) patients within the
first 6 months; 64.7% of these were in remission at the 2
year follow-up examination [9]. Since treatment with
methylprednisolone is expensive in India, its replacement
with i.v. therapy with dexamethasone, a less expensive
agent, has been shown to be associated with similar benefits
[10].

Table 4 Adverse effects of therapy

Adverse effect Group 1

(n = 26)

Group 11
(n =23)

Cushingoid features 15 (57.7%) 17 (73.9%)

Infections 6 (23%) 8 (34.8%)
Cataract 2 (7.7%) 1 (4.3%)
Steroid encephalopathy 0 1 (4.3%)
Hemorrhagic cystitis 2 (7.7%) 0
Vomiting (episodes) 70 (44.9%) 0
Hypertension 0 10 (43.5%)
Hypokalemia 0 7 (30.4%)
Leukopenia 2 0

Alopecia 7 (26.9%) 2 (8.7%)
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Intravenous therapy with cyclophosphamide, administered
monthly for 6 months, has been reported to be effective in
inducing remission in patients with SRNS. A randomized trial
of 13 patients with SRNS that compared intravenous use and
oral use of cyclophosphamide showed beneficial results in
100% and 25% patients, respectively [16]. In another report,
65% of 20 patients with FSGS treated with i.v. pulse therapy
showed complete remission [8]. We have previously reported
our prospective experience on the efficacy of a similar
regimen in 24 patients with SRNS. Intravenous administra-
tion of cyclophosphamide resulted in complete or partial
remission in 58% patients at 6 months. It was notable that all
subjects with partial remission had recurrence of nephrotic-
range proteinuria, and, on long-term follow-up, only 21% of
the entire group showed sustained remission [11].

While multiple case series show the efficacy of regimens
using steroids intravenously and cyclophosphamide orally
[5, 6, 9, 10, 15], and cyclophosphamide intravenously [8,
11, 16], there are no controlled trials on their comparative
efficacy. In the randomized controlled study reported here,
both regimes were comparable in inducing remission of
nephrotic syndrome. At the end of induction treatment,
61.5% patients receiving cyclophosphamide intravenously
and 56.5% given dexamethasone intravenously and cyclo-
phosphamide orally, were in complete or partial remission.
At follow-up examination 12-months later, 53.8% patients
in the former group and 39.1% in the latter were either in
remission or had had steroid-sensitive relapses.

While the immediate outcome was similar, long-term
results on intravenously administered cyclophosphamide in
our study are better than those reported previously from this
center [11]. These differences are most likely due to
inclusion of patients with different characteristics in the
two studies. The study reported here included fresh patients
with SRNS who had previously not been treated with
immunosuppressive medications, apart from prednisolone,
while the previous report included subjects who had failed to
respond to six i.v. pulses of dexamethasone [11]. Further-
more, the proportion of patients whose condition was
initially steroid resistant was 36.7% in the study reported
here compared with 75% in the previous report [11]. Since
patients with an initially steroid-resistant condition are
considered less likely to respond to treatment [7, 8, 11, 17],
the inclusion of more subjects with late resistance in our
study here might have influenced the results.

Results from randomized controlled studies suggest that
oral therapy with cyclophosphamide is not effective in
patients with SRNS [18]. However, a recent report from
South Africa, on Indian children with steroid-resistant
FSGS, showed complete remission in 69% patients [19].
The corresponding rates of remission in black subjects
were 20.2%, similar to that reported previously [18]. The
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reasons for better response to cyclophosphamide in
patients of Indian ancestry are not clear but might be
ascribed to unknown genetic or pharmacokinetic factors.
On the other hand, compared with Caucasians, patients of
African-American descent show higher incidence of FSGS
and unsatisfactory response to treatment and outcome [20,
21].

In the trial documented here, most responders (78.6%) in
group I and group II (81.8%) attained remission within the
first 4 months of therapy. This was expected, as the subjects
in both groups had received intense immunosuppression
during the first 6 months. Previous studies suggest that
remission of proteinuria following i.v. treatment with
cyclophosphamide usually occurs with 3-5 doses of the
drug [7, 8, 11, 15]. Similarly, studies with i.v. pulses of
steroids have shown that most patients who respond do so
by the second month of therapy [5, 9]. In the our study,
occurrence of complete remission was associated with a
favorable long-term outcome. Most patients with partial
remission showed recurrence of steroid resistance, confirm-
ing that the occurrence of partial remission with either of
these regimens is not a satisfactory outcome [5, 11, 15].

There was no difference between the responders and
non-responders in terms of their baseline clinical, laborato-
ry or histological characteristics. While patients with MCD
and late resistance are believed to respond satisfactorily to
immunosuppressive therapy [7, 22], we could not show a
differential response based on histology or pattern of
resistance, perhaps due to the small number of subjects.
While there was a trend towards an earlier age of onset in
patients showing complete or partial remission than in those
with no response, differences between the groups were not
significant. Similar findings, showing better outcome in
patients that were younger at onset, were reported by
Mongeau et al. [23]. An interesting, but unexplained,
finding in our study was that girls showed significantly
better response to therapy than boys (OR 7.5, P=0.03).
While previous reports have suggested an unsatisfactory
outcome in boys [22], others have not shown significant
differences based on gender [24, 25].

The frequency of serious side effects associated with both
these therapies is a cause for concern. Patients in both groups
showed evidence of steroid toxicity and were at significant
and comparable risk of systemic infections. Despite routine
use of a single dose of ondansetron, most subjects had
vomiting following infusion of cyclophosphamide. The risk
of hemorrhagic cystitis, leukopenia and alopecia was compa-
rable to that reported previously [26]. As reported previously,
transient and rarely sustained hypertension and hypokalemia
were common side effects of i.v. treatment with steroids [9,
10]. Long-term adverse effects of therapy with high doses of
cyclophosphamide, including the risks of malignancy and
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gonadotoxicity, were not evaluated. However, in none of the
patients was the cumulative dose of 250 mg/kg, which is
believed to be gonadotoxic, exceeded [26].

Results of this prospective study show that therapy with
cyclophosphamide intravenously and prednisolone orally is
as effective as the combination of i.v. dexamethasone, oral
cyclophosphamide and prednisolone therapy in its ability to
induce remission in patients with SRNS. Although formal
cost comparisons were not done, the administration of six
monthly pulses of cyclophosphamide is, perhaps, conve-
nient and less expensive than the need for more than twice
the number of hospitalizations required for i.v. dexameth-
asone administration. It is emphasized that the rates of
favorable long-term outcomes with either of these agents
were clearly lower than those reported with the use of
cyclosporin [27] and tacrolimus [28]. Even in our study,
five of seven patients that did not respond in groups I and II
showed complete remission following treatment with
cyclosporin. However, long-term therapy with calcineurin
inhibitors is expensive and might be associated with
significant side effects, including cosmetic effects, nephro-
toxicity, neurotoxicity and medication dependency [2, 27].

There is a need to examine treatments for SRNS that are
safe and effective and, in the context of developing regions,
also cost-effective. Our findings suggest that i.v. treatment
with cyclophosphamide is convenient and promising for
such patients. It would be desirable to compare, in a
multicentric, randomized, controlled trial, the results of
initial treatment using either intravenously administered
cyclophosphamide or a calcineurin inhibitor (e.g. tacroli-
mus). Patients in both groups should receive concomitant
therapy with steroids on alternate days, an angiotensin-
converting enzyme inhibitor and a calcium supplement.
Such a study would require stratification for patients with
initial and late steroid resistance and be adequately powered
to compare the long-term efficacy and safety of the
treatments.
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