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Abstract
Background Oral cyclophosphamide (CYP) is an important therapeutic agent in treatment of steroid-sensitive nephrotic syn-
drome having a steroid-dependent (SD) or frequent relapsing (FR) course. This retrospective observational study aimed to
determine response to oral CYP and factors associated with positive response in these patients.
Methods We studied 100 children (male; 75) with FR (19%) and SD (81%) NS treated with CYP in the Pediatric Nephrology
clinic. Responders were defined as children in whom steroids were stopped for at least 6 months following CYP and factors
affecting response were analysed. Relapse-free survival was estimated by Kaplan–Meier method.
Results Median age at onset of NS was 3 years (IQR 2–5.2). Median age at CYP was 5.7 years (IQR 3.7–7.9). Fifty percent of
patients were in the responder group at 6 months of CYP. Relapse-free survival post CYP therapy was 31% at 1 year, 11% at 2
years. Factors predicting good response were age at onset of NS > 3 years with 61.2% response at 6 months (p = 0.028) and older
age at CYP initiation (> 5 years) with 61% response (p = 0.008). Multivariate regression analysis showed age at start of CYP > 5
years was an independent factor for good response (p = 0.044, OR = 2.903, CI −1.03 to 8.18).
Conclusions Judicious selection of patients, especially with age of onset of NS more than 3 years and initiation of CYP after age
of 5 years, can predict better response in this group of patents.
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Introduction

Nephrotic syndrome (NS) is an important chronic disease in
children characterized by massive proteinuria, hypoalbumin-
emia, hyperlipidemia and edema. The majority of patients
with NS show remission of proteinuria following treatment
with corticosteroids, and are therefore called ‘steroid sensi-
tive’ (SS), but among them a substantial proportion have a
relapsing course or become steroid-dependent (SD) [1]. In
these patients, side effects of steroids can occur, including
hypertension, cataracts, short stature, systemic infections, obe-
sity and psychological disturbances. Hence, to reduce adverse
effects of steroids, several non-steroid immunosuppressive

agents are used for treatment. One such drug is cyclophospha-
mide (CYP) [2–9].

Cyclophosphamide is an old alkylating drug, which exerts
immunosuppressive activity by causing cytotoxic effects on
proliferating lymphocytes [10]. It is still commonly used as a
steroid-sparing agent in frequent relapsing (FR)/SDNS in de-
veloping countries and is known to reduce frequency of re-
lapses and achieve long-term remission [11].

We undertook this study to ascertain the efficacy of oral
CYP and predictors of response in 100 Indian children with
SSNS.

Methods

Study design and population

We performed a retrospective single-centre cohort study of
100 children between 3 months and 18 years of age with
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FR/SDNS. Patients were followed up in the Pediatric
Nephrology clinic in the Department of Pediatrics,
Dayanand Medical College and Hospital, Ludhiana, Punjab,
India. They were treated with oral CYP during the period from
2007 to 2019. The recommended dose was 2–2.5 mg/kg/day
of oral CYP over 10–12 weeks (cumulative dose of < 168
mg/kg). Therapy was initiated after remission with oral pred-
nisolone (2 mg/kg/day). Prednisolone was co-administered at
a dose of 1.5 mg/kg on alternate days for 4 weeks, followed by
1 mg/kg for the next 4 weeks and tapered and stopped over the
next 2–3months. Patients with congenital NS (age at onset < 3
months), steroid-resistant nephrotic syndrome and follow-up
period less than 12 months following CYP and patients who
could not complete the intended course were excluded from
the study. Approval for the study was obtained from the
Institutional Ethics Committee. Our treatment protocol was
in accordance with the Indian Society of Pediatric
Nephrology guidelines on nephrotic syndrome (2008) [12],
where levamisole could be a satisfactory initial choice for
patients with frequent relapses or steroid dependence followed
by use of CYP orMMF. Although the parents were offered all
therapeutic options and all available medications are approved
in the country, treatment by CYP was preferred by many
parents over other steroid-sparing agents because of the lower
cost and shorter duration of therapy.

Data collection

Detailed demographic data, like age, gender, education status,
age of onset of NS, hypertension at onset, gross hematuria and
drugs (steroids or steroid-sparing agents) received before
starting CYP, were retrieved from the Pediatric Nephrology
clinic patient file record. Indication to start CYP, the number
of relapses and steroid-dependent dose (mg/kg/day) prior to
starting CYP was recorded. Age at start of CYP and duration
of illness before treatment were also recorded.

Side effects like leucopenia, minor infections, major infec-
tions (those requiring hospitalization), haemorrhagic cystitis
and alopecia encountered during the course of CYP were not-
ed. Complete blood counts were monitored in patients every 2
weeks. If total leucocyte count decreased to less than 4000
cells/mm3 or patients suffered any infection requiring hospi-
talization, the drug was temporarily stopped and restarted
when counts increased to ≥ 4000 cells/mm3. Oral mesna was
not used for the prevention of acrolein-induced hemorrhagic
cystitis.

Urine dipstick albumin was monitored regularly on patient
diary. Kidney function tests were done annually in all patients.
Kidney biopsy was not performed in these patients.
Parameters, like time to first relapse, duration for which ste-
roids were stopped, number of relapses and dependent dose
post CYP therapy, were documented.

Definitions

Definitions and treatment guidelines for NS published by the
Indian Society of Pediatric Nephrology group were used for
the study [12].

Based upon the status post CYP, patients were classified as
either of the following:

(A) Responder – Those in whom steroids were stopped for a
period of at least 6 months following treatment with
CYP.

(B) Non-responder – Those in whom either steroids were
not stopped or stopped for less than 6 months.
Patients were categorized as sustained remission if there
was no relapse and off steroids for a period of at least 2
years. We compared the factors affecting response to
oral CYP between responders and non-responders.

Statistical methods

Data are presented as mean ± SD (standard deviation) or me-
dian and interquartile range (IQR) for continuous variables
and percentages for categorical variables. Comparison of
quantitative variables was done using Student t-test and
Mann–WhitneyU test for independent samples for parametric
and non-parametric data respectively. For comparing categor-
ical data, Chi-square (χ2) test was performed. Kaplan–Meier
analysis was performed to estimate the relapse-free survival
since the start of CYP, with the end point as time of first
relapse. The ROC curve is used to identify the best cut-off
of the age of onset of NS, age at start of CYP treatment and
steroid-dependent dose before CYP. Cox proportional hazards
analysis was used to examine the effect of various factors on
steroid-free survival. All statistical calculations were done
using SPSS version 21. A p value less than 0.05 was consid-
ered significant.

Results

Population characteristics

Of approximately 550 cases of FR/SDNS patients attending
the Pediatric Nephrology clinic, one hundred patients (75 boys
and 25 girls) received oral CYP during the study period. The
patients’ characteristics are shown in Table 1. Median age at
the onset of NS was 3 years (IQR 2–5.2). Median duration of
follow-up after CYP was 3.9 (IQR 2.2–7.1) with minimum
follow-up period of 12 months. Median age at CYP was 5.7
years (IQR 3.7–7.9).

Of the 100 children, 81% were diagnosed with SDNS and
19% were diagnosed with FRNS. The median steroid
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dependence dose was 1.2 mg/kg/day (IQR 0.8–1.4) in SDNS
patients. Prior to initiating CYP, 59% received steroids alone,
38% patients received levamisole and 3% received mycophe-
nolate mofetil. CYP was administered at a median cumulative
dose of 154 mg/kg (IQR 149–160).

Median time to first relapse post CYP was 4 months (IQR
2.25–8), with 7 months (IQR 2–15) in FRNS vs. 4 months
(IQR 3–8) in SDNS (p = 0.318). Using the Kaplan–Meier
curve, relapse-free survival time post CYP therapy was 50%
(95% CI 40–60) at 6 months, 31% (95% CI 22–40) at 1 year
and 11% (95% CI 5–17) at 2 years (sustained remission) (Fig.
1). Post CYP therapy, the median-dependent dose of steroid
reduced from 1.2 (IQR 0.8–1.5) to 0.8 (IQR 0.42–1) mg/kg/
day (p < 0.001).

At initiation of CYP, 41% patients had features of steroid
toxicity, with hypertension (11%), short stature (11%), over-
weight (10%) and obesity (7%). Sub capsular cataract was
seen in 2% patients.

Factors affecting response to oral CYP

Median age at CYP in responders was 7 years (IQR 4.9–8.1)
compared to non-responders 4.6 years (IQR 3.35–7.27) (p =
0.129). Median age of onset of NS in the responder group was
4.2 years (IQR 2.4–5.6) compared to non-responders 2.7 years
(IQR 2–5.07) (p = 0.11). Median duration of illness before
CYP in the responder group was 1.9 years (IQR 1.5–3.3)
compared to non-responders 1.8 years (IQR 1.33–2.98) (p =
0.375).

There was a significant difference in remission rate in dif-
ferent age groups at 1-year post CYP (< 5 years: 0% patients;
5–10 years: 29.5%; 11–18 years: 39.1%) (p = 0.05), although
this effect was not sustained at 2-year post CYP (< 5 years: 0%
patients; 5–10 years: 13.6%; 11–18 years: 10.9%) (p = 0.461).

Time to first relapse in different age groups did not differ
significantly (< 5 years: 4 months (IQR 3–5.25); 5–10 years:
4 months (IQR 2–6.75); 11–18 years: 5 months (IQR 2.75–
14.25), p = 0.196).

Logistic regression analysis

In univariate analysis, the age at onset of NS influenced CYP
response, with 39.2% response with onset < 3 years compared
to 61.2% response with onset > 3 years (ROC curve cut-off for
age of onset at 3 years had 61.2% sensitivity and 60.8% spec-
ificity, p = 0.028). Gender did not have a significant effect on
response (p = 0.817). Young age at CYP initiation was signif-
icantly associated with a lower response rate (34.1% for age ≤
5 years; 61% for age > 5 years, p = 0.008) (Fig. 1). ROC curve
cut-off of age at start of CYP > 5 years predicted moderately
good response at 6 months with 72% sensitivity and 54%
specificity. The positive predictive value was 61.02% (CI
52.5–68.9%) and negative predictive value was 65.9% (CI
53.6–76.3%). Area under the curve was 0.645 (p = 0.012)
(Fig. 2).

CYP responsiveness was slightly better in FRNS (68.4%)
at 6 months compared to SDNS (45.7%), but was not statisti-
cally significant (p = 0.074). Duration of NS prior to initiating
CYP did not affect the response to CYP therapy (p = 0.423).
Children with steroid-dependent dose > 1 mg/kg/day had only
37% responders at 6 months compared to 50% responders
with dependent dose of ≤ 1 mg/kg/day (ROC curve cut-off
for steroid-dependent dose 1 mg/kg/day had 70% sensitivity
and 43% specificity) (p = 0.270).

Based on the results of the univariate analysis, a multivar-
iate logistic regression analysis was performed, which showed
children with age at start of CYP > 5 years were significantly
associated with good response to oral CYP at 6 months (p =
0.044, OR = 2.903, CI −1.03 to 8.18). The correlation of age
of onset of NS was non-significant (p = 0.902) (Tables 2 and
3).

There was a significant difference in cumulative dosage
received based on body surface area (BSA) in different age
groups (< 5 years: 3619.3 mg/m2 (IQR 3575.44–3740.73); 5–
10 years: 4067.03 mg/m2 (IQR 3877.46–4307.93); 11–18
years: 4669.35 mg/m2 (IQR 4423.83–5268.22), p = 0.0001),
although not with milligramme per kilogramme-based
dosages.

However, there was no difference in cumulative dose (mg/
m2) of CYP in the responder group, 4226.86 mg/m2 (IQR
3857.23–4774.18) compared to the non-responder group,
4366.83 mg/m2 (IQR 4094.61–4705.44) (p = 0.268). The area
under the curve calculated for cumulative dose based on sur-
face area and response to CYP did not show significance
(AUC: 0.543, 95% CI 0.428–0.658, p = 0.461).

We also studied the influence of pre-treatment steroid-spar-
ing medications on the study results. Of the 38% patients who

Table 1 Demographic variables of children receiving oral
cyclophosphamide (CYP)

Demographic data (n = 100) Median IQR/%

Age at onset of nephrotic syndrome, years 3 2–5.2

Male, n (%) 75 75%

Age at starting of cyclophosphamide, years 5.7 3.7–7.9

Duration of illness before starting CYP, years 1.9 1.3–3.3

Number of relapses prior to CYP 4 4

Steroid-dependent dose before CYP (mg/kg/day) 1.2 0.8–1.4

Indication for CYP

Steroid-dependent NS 81 81%

Frequently relapsing NS 19 19%

Duration of follow-up, years 3.9 2.2–7.1

Time to first relapse, years 4 2.3–8

Cumulative dose of CYP (mg/kg) 154 149–160
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received levamisole (with poor response) prior to CYP, 19
patients (50%) responded compared to response in 30 patients
(50.8%) who received only steroids (59%) (p = 0.935).

Cox proportional hazard analysis was done to examine the
effects of factors on steroid-free survival. Of the factors stud-
ied, i.e. age of onset of NS, duration of NS before CYP, age at
CYP treatment and type of NS (FR/SD), age at start of CYP >
5 years was the only parameter that had an influence on

steroid-free survival post CYP (p = 0.036) (RR: 1.879; 95%
CI 1.043–3.383).

At 1-year post CYP, of the 100 children with FR/SDNS,
31% were completely off all medications, 21% were infre-
quent relapsers, 5% were FRNS and 43% were still SDNS.
Thus, 52% of patients improved and had a milder course after
CYP and did not require alternative treatment. The FR/SDNS
patients (48%) were treated with levamisole (17%),

Overall relapse-free survival after oral cyclophosphamide therapy
(Relapse-free survival post CYP therapy: 50% at 6 months, 31% at 1 year, 11% at 2 years)

Relapse-free survival according to age at cyclophosphamide treatment (p = 0.008)
(Response rate at 6 months post CYP (34.1% for age ≤ 5 years, 61% for age > 5 years)
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Fig. 1 Relapse-free survival after
oral cyclophosphamide treatment
(Kaplan–Meier analysis)
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calcineurin inhibitors (14%), mycophenolate mofetil (13%)
and low-dose alternate day steroids alone (4%).

Adverse effects of CYP treatment were observed in 25
patients (leukopenia (TLC ≤ 4000 cells/mm3) in 23% patients,
haemorrhagic cystitis and urinary tract infection in 1% each).
Leukopenia was clinically insignificant and was reversible
after a few weeks of withholding CYP. All patients finally
completed their full cumulative dosage of therapy. None of
the patients had nail pigmentation or liver dysfunction. Six
patients required hospitalization within 1 year of stopping
CYP: pneumonia (2 cases), spontaneous bacterial peritonitis

(2 cases) and urinary tract infection (2 cases). All children had
normal kidney function (eGFR using Schwartz formula) at the
time of last follow-up.

There was improvement in the height at 1-year post CYP,
with median change in z-score in the responder group (+0.74)
compared to the non-responder group (−0.15) (p = 0.074).
There was no improvement seen in weight parameter (p =
0.182). There was a statistically significant positive effect on
blood pressure, with 2% of children needing antihypertensives
in the responder group compared to the non-responder group
(14%) at 1-year post CYP (p = 0.002).

Discussion

This study was undertaken to investigate response to oral CYP
therapy in 100 Indian children with FR/SDNS. Fifty percent
of children were responders with relapse-free survival at 6
months, while 31% and 11% children had relapse-free surviv-
al after 1-year and 2-year post CYP, respectively. Age at

Fig. 2 Logist ic regression model showed age at s tar t of
cyclophosphamide (CYP) > 5 years predicted good response to oral
CYP. Receiver operating characteristic (ROC) curve where area under
the curve was 0.645 (95% CI 0.535–0.756) (p = 0.012)

Table 2 Factors affecting
response to oral
cyclophosphamide in children
with nephrotic syndrome
(univariate regression analysis)

Univariate variables CYP responder p value

No (n = 50) Yes (n = 50)

Age at onset of nephrotic syndrome, years (%) ≤ 3years 31 (60.8%) 20 (39.2%) 0.028*
> 3years 19 (38.8%) 30 (61.2%)

Gender, male, n (%) 38 (50.7%) 37 (49.3%) 0.817

Age at starting of CYP, years (%) ≤ 5 years 27 (65.9%) 14 (34.1%) 0.008*
> 5 years 23 (39%) 36 (61%)

Duration of illness before CYP, years (%) > 2 years 28 (53.8%) 25 (48.1%) 0.423
≤ 2 years 22 (45.8%) 26 (54.2%)

Status of nephrotic syndrome (%) SDNS 44 (54.3%) 37 (45.7%) 0.074
FRNS 6 (31.6%) 13 (68.4%)

Steroid-dependent dose at start of CP (%) > 1 mg/kg/day 17 (63%) 10 (37%) 0.270
≤ 1 mg/kg/day 27(50%) 27 (50%)

Leukopenia (TLC < 4000 cells/mm3) (%) 14 (60.9%) 9 (39.1%) 0.337

Interruption of drug (%) 15 (60%) 10 (40%) 0.248

*p value < 0.05 is significant

Table 3 Factors affecting response to oral cyclophosphamide in
children with nephrotic syndrome (multivariate regression analysis)

Multivariate variables p value OR 95% CI

Lower Upper

Age at onset of NS 0.902 1.070 0.364 3.143

Age at CYP treatment 0.044* 2.903 1.029 8.188

CYP cyclophosphamide, SDNS steroid-dependent nephrotic syndrome,
FRNS frequently relapsing nephrotic syndrome, TLC total leucocyte
count, OR odds ratio, CI confidence interval

*p value < 0.05 is significant
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initiation of CYP treatment, i.e. more than 5 years of age, was
the significant factor in predicting good response.

Cammas et al. showed better relapse-free survival of 65%,
44%, 27% and 13% after 6 months, 1 year, 2 years and 5
years, respectively. Sustained remission > 2 years was associ-
ated with age at treatment > 5 years and cumulative dose of
CYP > 170 mg/kg (p = 0.02) [1]. In our study, we did not
exceed a cumulative dose ≥ 168 mg/kg as per the ISPN guide-
lines, in order to prevent side effects. There is a positive cor-
relation between cumulative dose and gonadal toxicity, with a
risk of definitive sterility over 200 mg/kg. Thus, the maximum
dose currently recommended is 168 mg/kg corresponding to a
12-week course of 2 mg/kg/day [13, 14].

That CYP is more effective in older children could be ex-
plained on the basis of the pharmacokinetic pathway of CYP.
In children, a higher drug clearance is observed compared
with adults [15]. Calculations using body weight may result
in drug underexposure in younger children [16].

A better outcome in older children may also be related to
mild severity in children with a later onset compared to early
onset [13]. Children with early-onset NS may be more sensi-
tive for triggers for first manifestation and for relapses. These
children are also exposed to more frequent viral infections
predisposing to further relapses. Moreover, sporadic cases of
genetic forms of NS could be present in this early age group,
further affecting response.

Genetic factors might play a role, with HLA-DR 7
predicting the response to alkylating agents in SSNS. The
open question remains as to whether younger age points to a
genetic factor that is more relevant if onset of SSNS occurs
earlier in life. Vester et al. showed significant correlation of
cumulative dosage per BSA of more or less than 5040 mg/m2

(45% vs. 11%, p < 0.01) with sustained remission. Therefore,
children may need a BSA-adjusted dose to achieve a compa-
rable effect [17].

In our study, although there was a significant difference in
cumulative dosage based on BSA in different age groups, this
difference did not influence responsiveness to CYP. This ob-
served effect might be very much influenced by the fact that
steroid titration was done over months and not abruptly after 4
weeks of alternate-day steroids, as is suggested by recent stud-
ies [18]. Glutathione-S-transferase (GST) plays an important
role in inactivation of drugs like CYP. Vester et al. showed
polymorphic expression of GST-M1 null or GST-P1 would
increase or decrease efficacy of CYP respectively [19].
Bhimma et al. highlighted the influence of race on CYP sen-
sitivity, with Indian children with SRNS responding better to
treatment than black children (69.0 vs. 20.2%) [20].

Children with high steroid-dependent dose are especially
prone to an unfavourable response to CYP. Patients who had
steroid-dependent dose ≤ 1.4 mg/kg showed a significant
sustained remission of 43% at 2 years vs. 22.5% in those with
prednisone > 1.4 mg/kg [21].

Oral CYP is an effective steroid-sparing agent. Alkylating
agents (CYP and chlorambucil) reduce the number of children
who relapse at 6–12months (RR 0.44, 95%CI 0.32–0.60) and
at 12–24 months (RR 0.20, 95% CI 0.09–0.46) [22, 23].

Vester et al., in their study, showed prolonged sustained
remission of > 10 years (24%) with oral CYP treatment.
Factors significantly correlating with prolonged sustained re-
mission were again older age at CYP therapy (> 5.5 years), FR
status, leukopenia during treatment and CYP cumulative dose
≥ 5040 mg/m2 [17]. On the other hand, a study by Kemper
et al. did not show such prolonged sustained remission. Only
30% sustained remission (> 2 years) on oral CYP in children
with SDNS and many patients (86%) again developed steroid
dependency, requiring further alternative treatment [24].
Thus, different studies show varied results. Our results were
similar to those of Kemper et al., with only 11% children
showing sustained remission (> 2 years). Data on previous
studies on oral CYP in children with SSNS is shown in
Table 4 [1, 13, 17, 18, 21, 24–27].

Second-line therapies including CYP do not often cure
SDNS. They may cause a temporary phase shift in relapse
pattern, which may be revealed if patients are followed for a
prolonged period [28]. This temporary phase shift was also
seen in our study, where the remission rate is not sustained
after 6 months after CYP. A similar short-term positive effect
was observed by adding cyclosporin A to initial treatment of
NS for 8 weeks, but the effect disappeared after 6–9 months
[29].

CYP use has been associated with safety issues. A meta-
analysis of cytotoxic drugs showed a fatality rate of approxi-
mately 1%. Side effects seen were leukopenia (32.4%), alo-
pecia (17%), haemorrhagic cystitis (2.2%) and severe bacteri-
al infections in 1.5% patients during CYP use. Malignancies
were observed in 0.2% children after high doses. Females
rarely developed permanent gonadal damage; however, in
males, there was a marked increase in risk of oligospermia
or azoospermia with higher cumulative doses [30]. In our
study, 24% of patients developed reversible leukopenia. It
may be unsafe to repeat CYP courses because of the risk of
serious side effects [10].

A positive impact on median height and weight was also
seen [31], with median height increasing significantly from
−0.5 to −0.1 SDS over 11 months and BMI decreasing signif-
icantly and remaining stable [1]. This positive impact on
height was also seen in our patients although not significantly.

Recent studies support the use ofMMF as a steroid-sparing
agent with a lack of kidney, hemodynamic and metabolic
toxicity, making it an attractive alternative. Treatment with
CYP could be preferred in patients where 12 weeks of therapy
would be possible rather than long-term compliance [12].

Although alternative medications are available for relaps-
ing NS, CYP still seems to play a role even when comparing it
to rituximab. Kari et al. showed 1-year relapse-free survival
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was reached in 58.6% patients treated with CYP compared to
84.2% with rituximab (adjusted HR 0.36; 95% CI 0.09–1.45;
p = 0.151) [26].Webb et al. showed longer remission time and
fewer side effects than CYP, with median time to first relapse
of 7 months after CYP and 14 months after rituximab [27].
While a number of alternative steroid-sparing treatments are
available, including levamisole [32], calcineurin inhibitors,
mycophenolate salts and rituximab, CYP is still an important
option, especially in older children where better response is
expected.

There are some limitations to our study, this being a retro-
spective single-centre study, albeit with a good sample size. A
comparatively greater proportion of children with SDNS in
the study may have affected the response in our children.
The comparatively lower cumulative dose/BSA used in the
study group compared to the cut-off dose (5040 mg/BSA)
described by Vester et al. [17] could also be one reason for
lower response rate in this study.

The study highlights that treatment of young children with
CYP should be discouraged because it does not improve their
course, and exposes them to an unnecessary risk. The authors

suggest preference to MMF as the first-choice therapy, espe-
cially for children less than 5 years old, and if need be CYP
can be given later in the course of disease before considering
cyclosporin A/tacrolimus or rituximab as alternative treat-
ment. The present observationsmay also direct future research
into the pathogenetic mechanisms of NS in relation to age.
Today the indications for CYP in glomerular diseases are
more restricted than in the past [10], although it continues to
be used to treat NS in developing countries because of cost
advantage, while carefully addressing safety issues of the
drug.

This is one of the few studies of oral CYP, analysing pre-
dictors of response in Indian children with SSNS.
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