
Abstract Treatment of steroid-resistant nephrotic syn-
drome (SRNS) remains a challenge to pediatric nephrol-
ogists. Recently, intravenous cyclophosphamide (IV-
CPM) infusion was shown to be effective, safe, and eco-
nomical for the treatment of SRNS, particularly minimal
change disease (MCD), as it results in more sustained re-
missions, longer periods without proteinuria, and fewer
significant side effects at a lower cumulative dose. A
prospective study was conducted to evaluate IV-CPM in-
fusions in the management of children with SRNS sec-
ondary to MCD or IgM nephropathy. Five patients with
SRNS (4 IgM nephropathy and 1 MCD) received six
monthly IV-CPM infusions at a dose of 500 mg/m2. No
patient achieved complete or sustained remission. Three
patients attained partial remission, which was not sus-
tained for more than 1 month post therapy. One patient
progressed rapidly to end-stage renal disease during
treatment. Side effects included vomiting in four patients
and alopecia in one patient. Conclusion: IV-CPM pulse
therapy at a dose of 500 mg/m2 is unsuccessful in obtain-
ing complete or sustained remission in children with
SRNS secondary to IGM nephropathy or MCD. Further
randomized controlled studies with higher doses are re-
quired.
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Introduction

Steroid-resistant nephrotic syndrome (SRNS) represents
around 20% of primary nephrotic syndrome in children
[1] and its management remains a problem for pediatric
nephrologists [2]. It is mostly caused by non-minimal
change histopathology [1]. The probability of having fo-
cal segmental glomerulosclerosis (FSGS) or membrano-
proliferative glomerulonephritis (MPGN) as the underly-
ing cause of SRNS is higher with increasing age, where-
as the risk of having minimal change disease (MCD) is
more likely with younger age at presentation [3, 4]. Opti-
mal treatment of SRNS has been hampered by a lack of
prospective, controlled trials.

In the last 2 decades cyclosporin A (CsA) in combina-
tion with prednisolone has been shown to be effective in
inducing complete remission in some children with idio-
pathic SRNS [5]. There is an increasing trend to use CsA
in SRNS, particularly with FSGS [6], and its use has
been recommended by many authors [7, 8]. Alkylating
and antimetabolic agents have been used in SRNS since
the 1960s [9], without sustained benefit. Oral cyclophos-
phamide (CPM) was used particularly with SRNS
caused by MCD [10], with variable success. Intravenous
(IV) CPM has been reported to be superior to oral CPM
in inducing remission in steroid-resistant MCD [11, 12].

We report the disappointing results of a prospective
pilot study of IV-CPM in children with SRNS secondary
to MCD with or without diffuse mesangial hypercellular-
ity (DMH) or IgM nephropathy.

Patients and methods

All patients presenting to our unit over the first half of 2002 with a
diagnosis of SRNS were recruited. Only those with a renal biopsy
showing MCD with or without DMH or IgM nephropathy were in-
cluded in the study. Children with SRNS secondary to FSGS or
MPGN were excluded from the study. SRNS was defined as a fail-
ure to achieve remission after 4 weeks of enteral prednisolone at a
dose of 60 mg/m2 per day, plus three intravenous doses of methyl-
prednisolone (600 mg/m2 per day or 30 mg/kg per day) on alter-
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nate days [13]. We have seen 26 patients with nephrotic syndrome
over a 6-month period, 20 patients had steroid-sensitive nephrotic
syndrome (SSNS) and 1 patient with SRNS was excluded as he
had FSGS. Five children fulfilled the criteria, four females and
one male. The ratio of SRNS to SSNS is biased and does not re-
flect the actual ratio, as we represent a referal center for difficult
nephrology cases. The mean±SD age at presentation was
2.2±1.2 years. All except one patient was Arab in origin. (Patient
3 was Pakistani.) Four children were primary non-responders and
one was a secondary non-responder (patient 2 had steroid-depen-
dent NS initially). None was positive for hepatitis B surface anti-
gen or antinuclear antibody. All children had a low serum albumin
at the initiation of IV-CPM pulse therapy, with mean±SD of
13.8±0.9 (range 11–16) g/l (normal 35–50). Complement compo-
nents were normal, C3 1.4±0.2 g/l (normal 0.75–1.65), C4
0.3±0.04 g/l (normal 0.2–0.6), and kidney function was normal,
with a mean creatinine of 21.6±7.4 µmol/l (Table 1). We used the
same dose of IV-CPM as Elhence et al. [12], of 500 mg/m2 per
month for six doses. All patients were continued on oral predniso-
lone 40 mg/m2 on alternate days and enalapril (0.1–0.5 mg/kg)
throughout the 6-month treatment period. The response was evalu-
ated in terms of complete remission (proteinuria <1+ on urinalysis
and serum albumin >35 g/l) and non-remission (proteinuria >3+
on urinalysis and serum albumin <25 g/l). Partial remission was
defined as serum albumin of 25–35 g/l. The duration of remission,
serum albumin and creatinine, urinary protein, and side effects
were all monitored throughout the treatment and for 2 months af-
ter. Glomerular filtration rate was calculated in all patients at the
end of treatment by diethyenteriamine pentacetic acid (OTPA)
scan. Unfortunately none of the cohort had a second renal biopsy,
as the parents were very reluctant to give their consent.

Results

The histopathology of biopsies from two patients (3 and
5) showed a mild increase in mesangial matrix and no in-
crease in cellularity. Light microscopy of biopsies from
the other patients (1, 2, and 4) also showed a mild in-
crease in mesangial cellularity. No sclerosis, crescents,
or membrane thickening was seen in any of the speci-
mens. Direct immunofluorescence (IF) of four biopsies
showed diffuse mesangial IgM (+2) and no staining for
IgG, IgA, C4, and fibrinogen. IF of the fifth biopsy (pa-
tient 3) was negative for all antibodies. Electron micros-
copy showed mild mesangial matrix expansion in all
cases. Focal or diffuse effacement of foot processes was
seen in all cases. A few small deposits in the mesangium
were observed in four cases. Overall assessment indicat-
ed that four cases should be diagnosed as IgM nephropa-
thy and one as minimal change glomerulonephritis.

No patient achieved complete remission. Three pa-
tients (1, 2, and 3) attained partial remission (Table 1),
which was not sustained for more than 1 month post
therapy. The other two patients remained non-responsive
and one of them (patient 5) progressed rapidly to end-
stage renal disease during the treatment course and need-
ed dialysis. Side effects observed were vomiting in four
patients and alopecia in one patient. None of the patients
had leukopenia or hemorrhagic cystitis.

1144

T
ab

le
1

L
ab

or
at

or
y 

da
ta

 b
ef

or
e,

 d
ur

in
g,

 a
nd

 a
ft

er
 c

yc
lo

ph
os

ph
am

id
e 

th
er

ap
y 

in
 in

di
vi

du
al

 p
at

ie
nt

s 
(T

P
to

ta
l p

ro
te

in
,G

F
R

gl
om

er
ul

ar
 f

il
tr

at
io

n 
ra

te
,H

B
V

 A
g

he
pa

tt
it

s 
B

 v
ir

us
 s

ur
fa

ce
an

ti
ge

n)

P
at

ie
nt

 
A

ge
 a

t 
S

ex
P

re
 th

er
ap

y
S

er
um

 a
lb

um
in

 (
g/

l)
 d

ur
in

g 
th

er
ap

y
P

os
t t

he
ra

py
nu

m
be

r
on

se
t 

(y
ea

rs
)

S
er

um
 

T
P

 
S

er
um

 
H

B
V

 
C

3
C

4
U

ri
ne

 
U

ri
ne

 
1

2
3

4
5

S
er

um
 

S
er

um
 

U
ri

ne
 

G
F

R
al

bu
m

in
 

(g
/l

)
cr

ea
ti

ni
ne

 
A

g
(g

/)
l

(g
/)

l
pr

ot
ei

n
bl

oo
d

m
on

th
m

on
th

s
m

on
th

s
m

on
th

s
m

on
th

s
al

bu
m

in
 

cr
ea

ti
ni

ne
 

pr
ot

ei
n

(g
/l

)
(u

m
ol

/l
)

(g
/l

)
(µ

m
ol

/l
)

1
1.

8
M

15
40

28
-v

e
1.

01
0.

3
3+

3+
9

l
7

19
23

25
28

20
-v

e
11

7
2

4.
3

F
16

57
30

-v
e

1.
3

0.
3

3+
3+

29
29

25
29

28
27

7
2+

17
5

3
1.

2
F

11
41

16
-v

e
1.

6
0.

22
3+

–
26

22
25

26
23

17
30

3+
10

3
4

1.
5

F
13

42
13

-v
e

1.
5

0.
31

3+
3+

12
29

12
12

6
11

14
3+

13
3

5
1.

8
F

14
40

21
-v

e
1.

58
0.

34
3+

2+
5

6
14

15
12

14
33

9
3

18



Discussion

In this pilot study we report our disappointing results
using IV-CPM in five children with SRNS secondary to
MCD or IgM nephropathy. None of our patients
achieved a complete or sustained remission. This is at
variance with the previous report by Elhence et al. [12].
All seven children who received IV-CPM in their study
went into complete remission (100%), which was sus-
tained in four patients. The remaining three patients
subsequently became steroid sensitive, while one of
four patients who received oral cyclophosphamide re-
sponded (25%) and the other three children continued
to remain steroid resistant [12]. The poor response in
our patients compared with the previous study could be
explained by the difference in histopathology. Four of
our cohort had IgM nephropathy, while all the patients
in the previous study had MCD. Some investigators
consider IgM nephropathy as a variant of MCD and
they are indistinguishable clinically or in their laborato-
ry characteristics [14, 15, 16]. Others think that, al-
though IgM nephropathy is a variant of MCD and
DMH, a significant percentage will develop impaired
renal function, due to the evolution of FSGS [17]. Fur-
thermore, it was reported that subepithelial deposits, in-
flammatory cells, and the percentage of interstitium
IgM, IgG, and C3 deposition in MCD is univariately
correlated with a poor prognosis and progression to end
stage renal failure [18]. IgM nephropathy was also
thought to be an entity separate from focal glomerulo-
sclerosis or MCD [19, 20].

IV-CPM therapy was reported to be a safe, effective,
and economical therapeutic modality in steroid-resistant
children with idiopathic FSGS [11]. Recently, Gulati
and Kher [11] from India reported complete remission
in 65% of 20 children with FSGS who were treated with
IV-CPM, with the mean duration of remission following
last dose of IV-CPM of 12.5 months. They used month-
ly infusions of IV-CPM at a dose of 500–750 mg/m2, in
addition to adjunctive prednisolone [11]. Similarly, 
Bajpai et al. [21] reported their use of IV-CPM at a dose
of 750 mg/m2 in addition to alternate-day prednisolone in
24 patients with heterogeneous histopathology (MCD in
11, FSGS in 9, and MPGN in 4). At the end of 6 months
of treatment, 7 (29.2%) patients each had complete re-
mission and partial remission, while 10 (41.6%) patients
showed no response to therapy. However, a higher pro-
portion with MCD (45.5%) achieved complete remis-
sion compared with FSGS (22.2%) and MPGN. They
concluded that therapy with IV-CPM has limited effica-
cy in inducing sustained remission in patients with ini-
tial corticosteroid resistance. However, sustained remis-
sion is likely to occur in a significant proportion of pa-
tients with late resistance and those with absence of sig-
nificant tubulointerstitial changes on renal histology
[21]. This raises the possibility of achieving remission
with higher IV-CPM doses in non-MCD SRNS. All our
patients received a dose of 500 mg/m2 and we did not
observe neutropenia in any patient. Another explanation

for poor response or the need for a higher dose of cyclo-
phosphamide is the ethnic and therefore the genetic
background of our cohort, as all except one were Arab
in origin.

We conclude that IV-CPM pulse therapy at a dose of
500 mg/m2 was unsuccessful in achieving complete or
sustained remission in children with SRNS secondary to
IgM nephropathy or MCD. Further randomized con-
trolled studies with higher doses are required.
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