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Eight and 12 week courses of cyclophosphamide in
nephrotic syndrome

N Ueda, K Kuno, S Ito

Abstract
Seventy three children with steroid dependent
minimal change nephrotic syndrome were
randomly allocated to receive treatment with
cyclophosphamide (2 mg/kg/day) for either
eight or 12 weeks, in combination with predni-
solone. All patients had previously relapsed
while the dosage was being reduced or within
14 days of discontinuing prednisolone in the
six months before receiving cyclophospha-
mide treatment (steroid dependent), and had
severe steroid toxicity. Thirty two patients
were treated with cyclophosphamide for eight
weeks, and 41 for 12 weeks. There were no
differences between the two groups in age at
onset of nephrosis or entry into the study, sex
ratio, duration of nephrosis, number of
relapses before entry, and follow up period
after entry. The relapse free rate of patients
treated for eight weeks (25%) was similar to
that of those treated for 12 weeks (24%) five
years after stopping the treatment, and the
mean relapse free interval and the sparing
effect of cyclophosphamide (if any) on subse-
quent treatment with steroids did not differ
between the groups. We conclude that cyc-
lophosphamide should be used for no longer
than eight weeks at a dose of 2 mg/kg/day in
children with steroid dependent minimal
change nephrotic syndrome.
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Cyclophosphamide has been widely used in
combination with corticosteroids (steroids) to
treat children with frequently relapsing nephro-
tic syndrome and produces a long remission. -lo
The side effects of cyclophosphamide such as

bone marrow suppression,2 11 gonadal toxi-
city,'2 and possibly oncogenicity4 seem to be
dose related. If the drug is to be used in fre-
quently relapsing nephrotic patients, we must,
therefore, use the lowest effective dosage, keep-
ing the risk of long range toxicity as low as

possible. Previous studies suggested that chil-
dren with frequently relapsing nephrotic syn-
drome without steroid dependence could be
more successfully treated with cyclophospha-
mide than those with steroid dependence.8 9
Other authors have compared eight week and 12
week courses of cyclophosphamide, and
reported that a 12 week course of treatment is
more likely to result in sustained remission in
steroid dependent nephrotic patients.1 0 Despite
the results of this relatively small study, it is still
uncertain whether cyclophosphamide is more

effective when given for 12 weeks than for eight
weeks to treat steroid dependent nephrotic
patients with minimal change.

The present prospective study was designed
to determine whether eight week or 12 week
courses of cyclophosphamide at a dose of 2 mg/
kg/day were more effective in a large number of
children with steroid dependent minimal
change nephrotic syndrome who had severe
steroid toxicity.

Patients and methods
From February 1975 to August 1988, 73 chil-
dren (54 boys) with steroid dependent minimal
change nephrotic syndrome confirmed by the
classic clinical and laboratory features and his-
tological examination of a renal biopsy specimen
were treated with a combination of prednisolone
and cyclophosphamide.3 All patients had
relapsed while the dose of prednisolone was
being reduced, or within 14 days of discon-
tinuing prednisolone, in the six months before
cyclophosphamide treatment (steroid depen-
dent). They developed at least two of the follow-
ing features of steroid toxicity due to the long
term steroid treatment: arrest of growth,
hypertension, gross cushingoid appearance,
osteoporosis, psychosis, diabetes, cataracts, and
glaucoma.

Because of steroid dependence and severe
steroid toxicity, each patient was randomly allo-
cated to one of the following two treatment reg-
imens of cyclophosphamide after remission had
been induced: 2 mg/kg/day of cyclophospha-
mide for eight weeks (total dosage, 112 mg/kg),
or the same daily dose for 12 weeks (total dos-
age, 168 mg/kg). None of the patients had
received any relevant drugs other than predni-
solone before the course of cyclophosphamide.
Informed consent was obtained from the
parents of each patient.
The initial episode of the nephrotic syndrome

and all relapses during the period of observation
(proteinuria -40 mg/hour/M2 for three consecu-
tive days) were treated with prednisolone in
divided doses of 60 mg/M2 per day for four
weeks, with the dose being tapered by 5 to 10
mg/M2 every two weeks during the next three to
four months. Those patients who had milder
degrees of proteinuria (greater than 4 mg/hour/
m2 but less than 40 mg/hour/M2) were managed
with the previous maintenance dose of predni-
solone for one to two weeks, the dose either
being increased to 60 mg/m2/day if remission
(<4 mg/hour/M2 for three consecutive days) was
not achieved, or decreased after at least one
week of remission of proteinuria.

During the course of cyclophosphamide the
white cell count was estimated weekly, and the
drug was discontinued if the total count was
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below 4 0x 109/l. Cyclophosphamide was rein-
stituted at the previous dosage level after the
white blood cell count had increased to
40x109/1 or more.
To assess the effect of the two regimens of

cyclophosphamide the following variables were
compared: the relapse free rate and relapse free
interval after cyclophosphamide treatment, the
mean number of relapses, the mean cumulative
dosage of prednisolone, and the mean total time
not taking prednisolone before and after the
course of cyclophosphamide. Acute side effects
such as leucopenia, thrombocytopenia, haemor-
rhagic cystitis, alopecia, and infections, were
recorded.

Results were expressed as mean (SD). x2
analysis was used to analyse the differences
between groups is sex ratio, relapse free rate
after cyclophosphamide treatment, and inci-
dence of toxic reactions to the drug. The two
tailed Student's t test was used to analyse the
means of other variables, and the cumulative
percentage of remission after cyclophosphamide
treatment was plotted by the time to relapse
curve, as previously described.6 13

Results
Seventy three patients entered into the study;
32 patients were treated with cyclophosphamide
for eight weeks, and the remaining 41 were
treated for 12 weeks. The mean ages at onset of
nephrosis and at entry into the study, sex ratio,
the mean duration of nephrosis before entry,
and the mean period of follow up after cyc-
lophosphamide treatment were similar in the
two groups (table 1). There were no significant
differences between the two groups in the mean
number of relapses or the mean cumulative dos-
age of prednisolone before entry.

Only eight of the 32 patients (25%) treated
with cyclophosphamide for eight weeks, and 10

Table I Details of patients studied. Values are expressed as mean (SD) except where
otherwise stated

Cyclophosphamide Cyclophosphamide
for eight weeks for 12 weeks
(n=32) (n=41)

Male:female ratio 26:6 28:13
Age at onset of nephrosis (years) 6-0 (3-4) 6-4 (3 7)
Age at entry into the study (years) 7-7 (3 7) 7-8 (3-7)
Duration of nephrosis before entry (months) 18-8 (209) 19-2 (25 3)
Length of follow up after entry (months) 66-2 (50 6) 63-1 (33-7)
No of relapses before entry (/patient/year) 4 5 (1-8) 5-1 (2-3)
Cumulative dosage of prednisolone before

entry (mg/kg/month follow up) 19-3 (9-6) 18-5 (8 0)

of the 41 patients (24%) treated for 12 weeks
were still in remission at the end of the period of
observation (table 2). In patients who had not
relapsed the mean interval was 76-5 (38-6) and
71-3 (23-3) months in those treated for eight
weeks and 12 weeks respectively, and the differ-
ence was not significant. In patients who
relapsed after cyclophosphamide treatment, the
mean interval without relapse was 4-9 (4 6)
and 4-0 (5-4) months for those treated for eight
weeks and 12 weeks, respectively. All but one of
the relapses after cyclophosphamide occurred
within two years of discontinuing treatment-
the longest was a patient treated for 12 weeks
who relapsed at 29 months. No significant dif-
ferences were noted between the groups of
relapsed patients in the mean number of
relapses, the mean cumulative dosage of
prednisolone, or the mean total time not
taking prednisolone after the course of cyclo-
phosphamide.
The figure shows the 'time to relapse' curves

of patients treated with eight week and 12 week
courses of cyclophosphamide.6 13 There was no
significant difference in the cumulative percen-
tage of remission at the end of five years after
discontinuing cyclophosphamide.
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Time to relapse curves6 '3 ofchildren with steroid dependent
minimal change nephrotic syndrome after eight week (0)
and 12 week (0) courses ofcyclophosphamide.

Table 2 Clinical data of patients after treatment with cyclophosphamide. Values are expressed as mean (SD)

Cyclophosphamide for Cyclophosphamide for
eight weeks 12 weeks

No relapse Relapse No replase Relapse
(n=8) (n=24) (n=1O) (n=31)

Interval without relapse after entry (months) 76-5 (38-6) 4 9 (4 6) 71-3 (23-3) 4 0 (5 4)
No of relapses (/patient/year):

Before entry 4-4 (2-6) 4-5 (1-5) 4-5 (2-0) 5-3 (2 3)
After entry 0 2-9 (1-6) 0 3-5 (3-8)

Cumulative dosage of prednisolone
(mg/kg/month follow up):
Before entry 16-0 (8-2) 20-5 (9 9) 16-9 (6-5) 19-1 (8-5)
After entry 1-2 (0 3) 11-1 (8 2) 0 8 (0 5) 12-1 (8-5)

Total time not taking prednisolone (months):
Before entry 2-4 (4-5) 2-0 (2 9) 1-2 (2 8) 3-2 (5-6)
After entry 69-9 (44 0) 33-9 (51-3) 68-6 (21-3) 25-8 (34 7)

90g t-

C*0

No in remission

*32 21 16 12 10 9 8 8 8

4d1 22 18 13 13 1 1 1 1 10 10
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As there was no difference in outcome
between the groups, the clinical features were

compared between patients who relapsed
(n=55) and those who did not (n=18). There
were no significant differences between these
groups in sex ratio, age at onset of nephrosis,
duration of nephrosis, and the number of
relapses before cyclophosphamide treatment.
Patients who did not relapse, however, were sig-
nificantly older when they entered the study
(9 3 (4-3) years) than those who did (7 3 (3-3)
years), (p<0 05).
Nine of the 32 patients treated for eight

weeks became leucopenic compared with 14 of
the 41 patients treated for 12 weeks. A short
interruption of the treatment was necessary in
only eight patients, and bone marrow suppres-

sion was reversible. There were no other side
effects such as thrombocytopenia, haemorrhagic
cystitis, alopecia, or infections.

Discussion
Prolongation of cyclophosphamide treatment
has been shown to induce a higher rate of long
lasting remission; treatment for six weeks or less
seemed to be less effective,' 7 and a higher
cumulative dosage of cyclophosphamide than
that used in our study has been reported to pro-
duce a long remission.17 Because the compli-
cations of cyclophosphamide such as bone
marrow suppression,2 11 gonadal toxicity,12 or

oncogenicity4 are likely to be dose related, the
two treatment protocols were compared for the
treatment of children with steroid dependent
nephrotic syndrome. In the present prospective
study, the two treatment groups were compar-

able for clinical features, the mean duration of
nephrosis, the mean number of relapses, and
the mean cumulative dosage of prednisolone
before entry, and the mean period of follow up

after cyclophosphamide treatment. We found
that the effect of an eight week course of cyc-

lophosphamide on remission rate and its sparing
effect on subsequent steroid therapy, if any,

were the same as that of the 12 week course in
children with steroid dependent minimal
change nephrotic syndrome.

Several studies have reported separate evalua-
tion of the effect of cyclophosphamide between
non-steroid dependent and steroid dependent
patients with minimal change nephrotic
syndrome."-10 In view of this, our data are com-

parable with these reports (table 3). Both Garin
et al8 and Arbeitsgemeinschaft fur Padiatrische
Nephrologie9 found that non-steroid dependent
nephrotic patients responded favourably, with
prolonged remissions, to treatment for eight
weeks or longer, whereas steroid dependent
patients did not have such benefits. Neverthe-
less, a recent report of the same German group

has shown that in steroid dependent patients
with minimal change nephrotic syndrome, a 12
week course of cyclophosphamide at a dose of
2 mg/kg/day was associated with a significantly
higher two year relapse free rate (67%) than that
after only an eight week course (22%) (table
3). 10 In contrast, the relapse free rate of our

patients treated for eight weeks (25%) was the
same as that of those treated for 12 weeks (24%)
five years after the end of the treatment; these
figures were comparable with those of steroid
dependent patients treated for eight weeks in
the two other reports.8 Of the 13 steroid
dependent patients in the study of Garin et al,8
the three patients who did not relapse after cyc-

lophosphamide were treated for either eight or

nine weeks, but half of the other 10 patients
who relapsed after the treatment were treated
for 12 weeks or longer. These data support our

contention that the use of cyclophosphamide for
longer than eight weeks has no benefit in steroid
dependent patients with minimal change
nephrotic syndrome.
The reason for the difference in the effect

of cyclophosphamide in steroid dependent
patients with minimal change nephrotic syn-
drome between our results and those in the
second German report is unclear.10 Their cri-
teria for steroid dependence, the age at onset of
nephrosis, and the number of relapses before
cyclophosphamide treatment were similar to
ours. The mean age at entry into the study of
their patients treated for 12 weeks who had
higher relapse free rate (approximately 9 years)
was, however, similar to that of our total

Table 3 Cyclophosphamide in steroid dependent and frequently relapsing nephrotic syndrome

Study Steroid dependent Frequently relapsing

Age at Duration No of Cumulative Follow up Age at Duration No of Cumulative Follow up
onset of of nephrotic relapses % of after onset of of nephrotic relapses % of after
nephrotic syndrome sustained treatment nephrotic syndrome sustained treatment
syndrome before trial remission (months) syndrome before trial remission (months)
(months) (months) (months) (months)

Garin et al (retrospective)8:
Cyclophosphamide 2 mg/kg for

6-40 weeks 36 45 10/13 23 32 29 45 3/10 70 20
Arbeitsgemeinschaft fur Padiatrische Nephrologie (prospective)9:
Cyclophosphamide 2 mg/kg for

eight weeks 60 22 64 391
or 22/34 28 30 l 4/16 72 30

Chlorambucil 015 mg/kg for
eight weeks 49 37 63 41

Arbeitsgemeinschaft fur Padiatrische Nephrologie'°:
Cyclophosphamide 2 mg/kg for

12 weeks (prospective) 69 34 6/18 67 24
Cyclophosphamide 2 mg/kg for

eight weeks (retrospective) 58 22 14/18 22 24
Present study (prospective):
Cyclophosphamide 2 mg/kg for

12 weeks 76 19 31/41 24 60
Cyclophosphamide 2 mg/kg for

eight weeks 72 19 24/32 25 60
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patients who did not relapse (9 3 years), but was
higher than that of their patients treated for
eight weeks (6-9 years) and of our total patients
who did relapse (7-3 years). Furthermore, all
their patients who relapsed after cyclophospha-
mide did so within 400 days of the end of the
course, but five of our patients relapsed later.
Therefore the difference in age at the time that
treatment was instituted or the period of follow
up after treatment, or both, might account for
the conflicting results-namely, the low cumu-
lative percentage of sustained remission. The
main factor determining the effect of cytotoxic
treatment in steroid dependent patients with
minimal change nephrotic syndrome seems to
be primary resistance of the individual patient
to the cytotoxic drugs, which may partly be
related to the .age at the time that treatment is
instituted, as suggested by our study and that of
Barratt et al.6 In an era when an increasing
number of immunosuppressive agents are being
used for the treatment of steroid responsive or
steroid dependent nephrotic syndromes, it
should be emphasised that two to three year
periods of follow up are necessary to assess the
effect of a trial of such a drug.
The ultimate prognosis for children with fre-

quently relapsing nephrotic syndrome is usually
good,'4 15 and exposure to the potentially
serious toxic effects of cytotoxic drugs must be
viewed with concdrn and kept as short as poss-
ible. Although we found no difference in the
incidence of toxic reactions to cyclophospha-
mide between the two treatment protocols,
there are insufficient data to determine the rela-
tionship between the dose and the duration of
cyclophosphamide treatment and the degree of
severity of long standing side effects on the
reproductive system and the development of
neoplasia. Therefore if cyclophosphamide has
to be given to steroid dependent nephrotic
patients because of unacceptable steroid toxicity
or difficulty in controlling the disease, it should
be used for no longer than eight weeks at a dose
of 2 mg/kg/day to reduce the risk of develop-
ment of late toxic effects as far as possible.

In summary, the effect of an eight week
course of cyclophosphamide seems to be the
same as that of a course of 12 weeks in children
with steroid dependent minimal change nephro-

tic syndrome. We conclude that cyclophospha-
mide should be used for no longer than eight
weeks for the treatment of these patients.
Nevertheless, it should be noted that the pro-
portion of children with steroid dependent
minimal change nephrotic syndrome who are
likely to benefit from cytotoxic treatment is
quite small.
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