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Intravenous cyclophosphamide induces
remission in children with difficult to treat
steroid resistant nephrotic syndrome
from minimal change disease

Maha Haddad, Arundhati Kale and Lavjay Butani’

Abstract

Background: Steroid resistant nephrotic syndrome (SRNS), while uncommon in children, is associated with signifi-
cant morbidity. Calcineurin inhibitors (CNIs) remain the first line recommended therapy for children with non-genetic
forms of SRNS, but some children fail to respond to them. Intravenous (IV) cyclophosphamide (CTX) has been shown
to be effective in Asian-Indian children with difficult to treat SRNS (SRNS-DTT). Our study evaluated the outcome of IV
CTX treatment in North American children with SRNS-DTT.

Methods: Retrospective review of the medical records of children with SRNS-DTT treated with IV CTX from January
2000 to July 2019 at our center. Data abstracted included demographics, histopathology on renal biopsy, prior and
concomitant use of other immunosuppressive agents and serial clinical/laboratory data. Primary outcome measure
was attainment of complete remission (CR).

Results: Eight children with SRNS-DTT received monthly doses (median 6; range 4-6) of IV CTX. Four (50%) went into
CR, 1 achieved partial remission and 3 did not respond. Three of the 4 responders had minimal change disease (MCD).
Excluding the 1 child who responded after the 4th infusion, the median time to CR was 6.5 (range 0.5-8) months after
completion of IV CTX infusions. Three remain in CR at a median of 8.5 years (range: 3.7-10.5 years) after completion of
CTX; one child relapsed and became steroid-dependent. No infections or life-threatening complications related to IV
CTX were observed.

Conclusions: [V CXT can induce long term remission in North-American children with MCD who have SRNS-DTT.
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Background

While children with steroid resistant nephrotic syn-
drome (SRNS) comprise a small fraction of all children
with nephrotic syndrome (NS) [1], such children experi-
ence significant morbidity from their underlying disease
and are at risk of progression to end stage renal disease
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(ESRD) [2]. Many studies have demonstrated the effi-
cacy of CNIs in inducing remission in children with
non-genetic forms of SRNS and their superiority over
other agents such as intravenous (IV) cyclophosphamide
(IV CTX) such that tacrolimus and cyclosporine have
become first line therapies for children with SRNS [3].
However, not all children with SRNS are responsive to
CNIs [4]; remission rates with CNIs have been reported
to range from 50 to 80% [5-7]. These children with dif-
ficult to treat SRNS (SRNS-DTT) pose an even greater
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management challenge to pediatric nephrologists due to
their poor response to other, even newer immunosup-
pressive agents, poor quality of life and high risk of pro-
gression to ESRD [8, 9].

Data on children of Indian descent with SRNS treated
with IV CTX have shown that a small subset of patients
do achieve complete remission (CR), either when IV
CTX is used as first line therapy [5, 10, 11] or after failure
of a trial of high dose IV steroids [12] and based on these
data, IV CTX has been recommended as first line therapy
for children with SRNS who are not able to be treated
with CNIs [13]. These data have not been replicated in
children of other race-ethnicities [11, 14].

The aim of our study was to report our experience with
the use of IV CTX in treating North-American children
with SRNS-DTT who had failed to respond to tacroli-
mus. Based on our experience, we offer IV CTX as an
alternative strategy for these children, in the hope of pre-
venting progression to ESRD.

Methods

We conducted a retrospective review of the medical
records of children (<18years at diagnosis) who were
treated at our center with IV CTX for primary SRNS-
DTT, between January 2000 to June 2019. The diagnosis
of primary SRNS was made based on a lack of response
to at least of 6 weeks of daily prednisolone therapy (2 mg/
kg/day) and a negative serologic work up for second-
ary causes (normal complement C3 and C4 and nega-
tive antinuclear antibody). All patients received at least
a 6-month trial of oral tacrolimus (target trough level
10-15ng/ml); failure to respond to tacrolimus (even
partially) led to the categorization of patients as having
SRNS-DTT.

Patients’ records were reviewed and the follow-
ing data were collected: demographic characteristics,
initial or late steroid resistance, histopathologic find-
ings on renal biopsy (including electron microscopy),
genetic studies for nephrotic syndrome (for mutations
in PLCE1, LAMB2, WT1, NPHS1 and NPHS2 genes),
use of other medications prior to and concomitant
with CTX, details pertaining to the CTX infusions
and hospitalizations or treatment for any complica-
tions including infections. Laboratory data collected
included serum albumin concentration, spot urine
protein/creatinine ratio (Up/c) and serum creatinine
concentration. Laboratory data were serially followed,
from 3 months prior to the first infusion of CTX until
last follow up. Since patients were treated by differ-
ent pediatric nephrologists during the study period,
the specific treatment regimen (and dosing) followed
was at the discretion of the treating physician and not

Page 2 of 6

protocolized. Some patients received IV methylpredni-
solone (MP) along with their CTX dose, based on their
physician’s preference and discretion. Supportive treat-
ment during the IV CTX infusions was protocolized at
our institution and consisted of IV saline infusion (at
1.5 times maintenance rate), antiemetics, mesna and
furosemide.

The primary outcome measure was complete remis-
sion (CR), which was defined as a Up/c<0.2 (mg/mg)
on at least three consecutive occasions and a normal
serum albumin (>3.5g/dl). Secondary outcome meas-
ures were partial remission (PR), defined as Up/c>0.2
and < 1.0 (mg/mg) with a serum albumin of 2.5-3.4g/
dl, and time to remission.

The study was approved by the University of Califor-
nia Institutional Review Board; all methods were per-
formed in accordance with the relevant guidelines and
regulations. Exemption was granted for obtaining writ-
ten informed consent from study subjects.

Results

Baseline characteristics

During the study period, 8 patients (7 male; 1 female)
with DTT-SRNS were treated at our center and all
received IV CTX. Two patients were Caucasian, 4 were
Latino, 1 was African American, and 1 was Cambo-
dian. The median (range) age at diagnosis of NS was
2.4 (1.5-9.7) years. Four patients (50%) had primary
steroid resistance; others developed secondary SRNS
at a median of 2.6 (range 0.5-6.7) years after diagnosis.
Patients were categorized as having secondary SRNS
based on their failure to demonstrate any response to
6weeks of daily prednisolone therapy (2mg/kg/day)
during a relapse. Detailed data for each of the 8 patients
is provided in Table 1.

Renal histopathology showed minimal change dis-
ease (MCD) in 6 patients (75%) (2 classic MCD, 1 MCD
with mesangial expansion, 2 MCD with IgM deposits, 1
MCD with Clq deposits) and focal segmental glomeru-
losclerosis (FSGS) in 2. Immunosuppression was guided
by the primary nephrologist and therefore varied based
on nephrologist preference and patient/family choice.
All patients had failed tacrolimus therapy in conjunc-
tion with oral corticosteroids; two children failed dual
therapy with tacrolimus and mycophenolate mofetil
(MME). Only one patient received rituximab (patient
#5), since the majority of the patients were treated in
the era before Rituximab became more commonly used
in the setting of NS, especially SRNS; in 1 patient insur-
ance authorization for its use was denied. Four of the
eight patients had genetic testing and all were negative
for known mutations.
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Table 1 Clinical and laboratory data in children with SRNS-DTT

Patient 1 2 3 4 5 6 7 8

Steroid Secondary Secondary Primary Primary Primary Primary Secondary Secondary

resistance

Time to steroid 13 6 - - - - 50 81

resistance

(months)

Renal biopsy MCD MCD MCD/IgM MCD/Clq FSGS MCD/mesan-  MCD/IgM FSGS

histopathology gial expansion

Genetic testing  Not done Not done  Variants of Variants of No mutations  Not done Not done No mutations
unknown unknown
significance significance

Immunosup- Tac+MMF Tac Tac Tac Tac, followed Tac+MMF Tac, followed Tac, followed by

pressive medi- by Rituximab by oral CTX cyclosporine

cations other

than steroids

prior to IV CTX

Age at startof 4 38 6.5 13.1 10.5 10.5 6 10

CTX (years)

Serum albumin  <1.0 <10 13 <10 1.7 22 1.8 <10

at start of CTX

(g/7dL)

IV CTX doses 5 6 6 6 6 6 6 4

IV methylpred-  With 4thand  None None None None With each CTX  With each CTX  With each CTX

nisolone 5th CTX infu- infusion infusion infusion

sion

Remission CR CR NR PR NR CR CR NR

Time to remis- 0.5 6.5 - 45 - 8 After4th CTX -

sion (months) infusion

after last CTX

dose

Immunosup-  MMF Tac Tac+MMF Myfortic None MMF +pred-  None None

pression after nisone

completion of

IV CTX at last

follow up

Qutcome at CR(10.5) CR(3.7) Persistently PR(1.3) ESRD CR(85) Relapsed ESRD

last follow up nephrotic; (0.9); steroid

(years after normal renal dependent

completion of function

IV CTX)

MCD Minimal change disease, FSGS Focal segmental glomerulosclerosis, IV CTX Intravenous; yclophosphamide, Tac tacrolimus, MMF Mycophenolate mofetil, CTX
cyclophosphamide, CR Complete emission, PR Partial remission, NR Non responder, ESRD End stage renal disease

Treatment with CTX

Informed consent (verbal) was obtained from all patients/
families after discussing the pros and cons of CTX ther-
apy. All patients had normal renal function and were
treated with monthly infusions of IV CTX; the dose of IV
CTX was 500mg/m?2 for the first infusion, 750 mg/m?2 for
the second infusion and 1000 mg/m2 for the remainder
of the infusions; the dose was not adjusted based on the
effect of the prior infusion on the white blood cell count.
Six of the 8 patients received a total of 6 monthly IV CTX
infusions. One patient (patient #1) received only 5 infu-
sions as she went into CR after the fifth infusion (the
fourth and fifth infusions were combined with IV MP),

and one patient (patient #8) only received 4 doses of IV
CTX since he rapidly progressed to ESRD. The dose was
adjusted for renal function for patients with deteriorat-
ing function. Four patients received concomitant IV MP
infusions at a dose of 30 mg/kg (maximum 1 g/dose).

Outcomes

Figure 1 depicts the timeline for the 6 patients with
MCD and its variants, with respect to IV CTX infu-
sions and the Up/c (in mg/mg). Four patients (50%) went
into CR, one patient achieved PR and three patients did
not respond. Three of the four responders had MCD on
biopsy. Excluding the 1 child who responded after the
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Fig. 1 Timeline of the urine protein/creatinine ratio (mg/mg) in the 6 patients with minimal change disease and its variants

4th infusion (patient #7), the median time to CR was 6.5
(range 0.5-8) months after completion of IV CTX infu-
sions. Three patients remained in CR (median 8.5years;
range: 3.7—10.5 years) after completion of CTX; one child
relapsed and became steroid-dependent (patient #7). No
infections or life-threatening complications related to IV
CTX were observed. The child with PR remained in that
state 1.7 years after completion of CTX; of the 3 children
who were non responders, 2 progressed to ERSD and one
has remained nephrotic but edema free and with normal
renal function.

After completion of IV CTX, the 4 patients who
responded were maintained on MMF, myfortic or tac-
rolimus (or a combination) for different periods of time.
One patient (patient #1) received MMF at 300 mg/m2
per dose twice a day for 2.5years after which her MMF
was discontinued; she remains in remission at last fol-
low up (10.5years after completion of IV CTX) without
any immunosuppressive medications. Patient #2 was
maintained on tacrolimus and remains in CR; given the
severity of his nephrotic syndrome and the crippling ana-
sarca he had previously experienced, we were very reluc-
tant to try him off tacrolimus. The third patient (patient
#4) was maintained on myfortic at a dose ranging from
568 to 675mg/m?2 per day, and is in PR. The last patient
(patient #6) was maintained on MMF at a dose ranging
from 278 to 362mg/m2 per dose twice daily, as well as

oral prednisolone (5mg every other day); the predniso-
lone was eventually tapered off. He remains in CR.

Discussion
There remains an urgent unmet need to develop new
approaches for the treatment of children with SRNS who
fail a trial of CNI therapy [3]. While investigators have
attempted various combinations of immunosuppressive
therapies such as MMF [15], ofatumumab [16] and ritux-
imab [8, 17, 18], none have been effective in sustaining
remission in a significant proportion of treated children;
moreover, some have been associated with potentially
life-threatening complications, not to mention their sig-
nificant cost [19-21]. All of these factors have limited
their widespread adoption for the treatment of SRNS
in children, and recommendations for their use are not
based on robust evidence [13]. While rituximab has been
recommended as the 1st line agent in children with DTT-
SRNS (Grade C recommendation), its efficacy in induc-
ing long term remission is low and it is associated with
significant potential side effects, is expensive and may
need re-dosing when B-cell repopulation occurs [13].
Based on previously referenced data using IV CTX
in children of Asian-Indian ethnicity with SRNS, at our
center our practice has been to offer this therapy in the
setting of SRNS-DTT. IV CTX has also been demon-
strated to be of benefit in adults with SRNS; although
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remission rates are lower compared to CNIs and time to
remission longer, unlike patients treated with tacrolimus,
CTX was associated with a lower relapse rate after dis-
continuation of therapy [22] . Our current study explored
the risks-benefits of its use in children and demonstrates
that IV CTX can be a very effective strategy in a subset
of children with SRNS-DTT in North-America: those
with MCD on biopsy. Fifty-percent (n 4) of the children
treated with IV CTX went into CR that was sustained
over a considerable period of time, with preserved renal
function, which is a heartening observation. These 4 chil-
dren represent a 100% of those who had ‘pure’ MCD on
biopsy and 50% of those who had MCD variants. Only
1 child with an MCD variant was completely unrespon-
sive and subsequently also failed rituximab therapy- he
remains edema free and with normal renal function. In
contrast, both children with FSGS failed to show any
response and both progressed to ESRD. While we cannot
draw definitive conclusions due to our small sample size,
it is possible that the concomitant use of IV MP along
with IV CTX may be of benefit in attaining remission (or
faster time to remission); 3 of the 4 patients who received
IV MP went into CR and only 1 child who attained CR
had not received IV methylprednisolone (patient #2).
Only randomized controlled trials with IV CTX can help
tease out whether IV CTX by itself was responsible for
inducing remission.

At last follow up, only one of the children who went
into CR or PR remains intermittently on steroids; he
relapsed after going into CR and has become steroid
dependent with normal renal function (patient #5). He
too failed rituximab therapy after IV CTX.

Interestingly, the time to remission was quite late
(unexpectedly so for us) after start of IV CTX. This is
important to realize since failure to respond early on
in the course may lead some treating teams to abandon
therapy. None of our patients needed hospitalization for
any serious illness- no life-threatening infections were
noted, nor was hemorrhagic cystitis seen. Transient alo-
pecia was common during the treatment. Clearly longer-
term follow-up is needed to assess long term risks such
as infertility and malignancies.

Out study is limited by its retrospective nature and
small sample size. There was no consistent immunosup-
pressive protocol that was followed after patients were
deemed unresponsive to tacrolimus, and the IV CTX
treatment regimen also varied somewhat. Moreover,
most of these patients were treated in the era before
rituximab become more commonly used in children with
SRNS. Lastly, only 4 of the 8 children underwent genetic
testing; having stated that, we would like to point out
that all 4 children who did not get genetic testing, went
into CR. While we recognize that current guidelines do
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not recommend the use of CTX as first line therapy in
children with SRNS, the intent of our study is to highlight
that a subset of children with SRNS, who are refractory
to all other therapies, may benefit from IV CTX (possibly
in conjunction with IV MP); if such children can achieve
CR, this would be much more beneficial than having
them progress to ESRD.

Conclusions

In summary, our pilot data demonstrate that IV CTX
infusions can be a useful strategy to induce remission
in North American children with SRNS-DTT who have
MCD or its variants on biopsy. Based on our results, our
hope is that other centers will consider such an approach
since this has the potential to avoid progression to ESRD
and add to the experience with this agent.

Abbreviations

SRNS: Steroid resistant nephrotic syndrome; CNls: Calcineurin inhibitors; IV:
Intravenous; CTX: Cyclophosphamide; CR: Complete remission; SRNS-DTT:
Difficult to treat SRNS; MCD: Minimal change disease; NS: Nephrotic syndrome;
ESRD: End stage renal disease; Up/c: Urine protein to creatinine ration; MMF:
Mycophenolate mofetil; MP: Methylprednisolone; PR: Partial remission; FSGS:
Focal segmental glomerulosclerosis.

Acknowledgements
Not applicable.

Authors’ contributions

MH abstracted the data, obtained IRB approval and edited the manuscript.
AK reviewed and edited the manuscript. LB provided guidance on the study
details and created the first draft of the manuscript.. All authors read and
approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the Institutional Review Board of the University of
California Davis and deemed exempt from the need for written consent.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 24 August 2021 Accepted: 8 November 2021
Published online: 29 November 2021

References

1. Downie ML, Gallibois C, Parekh RS, Noone DG. Nephrotic syndrome in
infants and children: pathophysiology and management. Paediatr Int
Child Health. 2017;37(4):248-58.



Haddad et al. BMC Nephrology

20.

21

22.

(2021) 22:395

Trautmann A, Schnaidt S, Lipska-Zietkiewicz BS, Bodria M, Ozaltin F,
Emma F, et al. Long-term outcome of steroid-resistant Nephrotic syn-
drome in children. J Am Soc Nephrol. 2017;28(10):3055-65.

Liu 1D, Willis NS, Craig JC, Hodson EM. Interventions for idiopathic steroid-
resistant nephrotic syndrome in children. Cochrane Database Syst Rev.
2019;2019(11):CD003594.

Tullus K, Webb H, Bagga A. Management of steroid-resistant nephrotic
syndrome in children and adolescents. Lancet Child Adolesc Health.
2018;2(12):880-90.

Gulati A, Sinha A, Gupta A, Kanitkar M, Sreenivas V, Sharma J, et al. Treat-
ment with tacrolimus and prednisolone is preferable to intravenous
cyclophosphamide as the initial therapy for children with steroid-resist-
ant nephrotic syndrome. Kidney Int. 2012;82(10):1130-5.

Prasad N, Manjunath R, Rangaswamy D, Jaiswal A, Agarwal V, Bhadauria D,
et al. Efficacy and safety of cyclosporine versus tacrolimus in steroid and
cyclophosphamide resistant nephrotic syndrome: a prospective study.
Indian J Nephrol. 2018;28(1):46-52.

Supavekin S, Surapaitoolkorn W, Kurupong T, Chaiyapak T, Piyaphanee N,
Pattaragarn A, et al. Tacrolimus in steroid resistant and steroid dependent
childhood nephrotic syndrome. J Med Assoc Thail. 2013;96(1):33-40.
Topaloglu R, Gulhan B, Celegen K, Inozu M, Hayran M, Duzova A, et al.
Rituximab for children with difficult-to-treat Nephrotic syndrome: its
effects on disease progression and growth. Front Pediatr. 2019;7:313.
Kemper MJ, Valentin L, van Husen M. Difficult-to-treat idiopathic
nephrotic syndrome: established drugs, open questions and future
options. Pediatr Nephrol. 2018;33(10):1641-9.

Elhence R, Gulati S, Kher V, Gupta A, Sharma RK. Intravenous pulse
cyclophosphamide--a new regime for steroid-resistant minimal change
nephrotic syndrome. Pediatr Nephrol. 1994;8(1):1-3.

. Bhimma R, Adhikari M, Asharam K. Steroid-resistant nephrotic syndrome:

the influence of race on cyclophosphamide sensitivity. Pediatr Nephrol.
2006;21(12):1847-53.

Bajpai A, Bagga A, Hari P, Dinda A, Srivastava RN. Intravenous cyclo-
phosphamide in steroid-resistant nephrotic syndrome. Pediatr Nephrol.
2003;18(4):351-6.

Trautmann A, Vivarelli M, Samuel S, Gipson D, Sinha A, Schaefer F, et al.
IPNA clinical practice recommendations for the diagnosis and manage-
ment of children with steroid-resistant nephrotic syndrome. Pediatr
Nephrol. 2020;35:1529-61.

Alshaya HO, Al-Maghrabi JA, Kari JA. Intravenous pulse cyclophos-
phamide-is it effective in children with steroid-resistant nephrotic
syndrome? Pediatr Nephrol. 2003;18(11):1143-6.

. GargahTT, Lakhoua MR. Mycophenolate mofetil in treatment of child-

hood steroid-resistant nephrotic syndrome. J Nephrol. 2011;24(2):203-7.
Ravani P, Pisani I, Bodria M, Caridi G, Degl'Innocenti ML, Ghiggeri GM.
Low-dose ofatumumab for multidrug-resistant nephrotic syndrome

in children: a randomized placebo-controlled trial. Pediatr Nephrol.
2020;35:997-1003.

Magnasco A, Ravani P, Edefonti A, Murer L, Ghio L, Belingheri M, et al.
Rituximab in children with resistant idiopathic nephrotic syndrome. J Am
Soc Nephrol. 2012,23(6):1117-24.

Jellouli M, Charfi R, Maalej B, Mahfoud A, Trabelsi S, Gargah T. Rituximab
in the management of pediatric steroid-resistant nephrotic syndrome: a
systematic review. J Pediatr. 2018;197:191-7 el.

Pradhan M, Furth S. Rituximab in steroid-resistant nephrotic syndrome in
children: a (false) glimmer of hope? J Am Soc Nephrol. 2012,23(6):975-8.
Chaumais MC, Garnier A, Chalard F, Peuchmaur M, Dauger S, Jacgz-Agrain
E, et al. Fatal pulmonary fibrosis after rituximab administration. Pediatr
Nephrol. 2009;24(9):1753-5.

Bonanni A, Bertelli E, Panicucci C, D'Alessandro M, Moscatelli A, Lampug-
nani E, et al. Ofatumumab-associated acute pneumonitis: not new but
still the first case. Pharmacol Res Perspect. 2017;5(1):e00267.

LiH, Shi X, Shen H, Li X, Wang H, Li H, et al. Tacrolimus versus intravenous
pulse cyclophosphamide therapy in Chinese adults with steroid-resistant
idiopathic minimal change nephropathy: a multicenter, open-label,
nonrandomized cohort trial. Clin Ther. 2012;34(5):1112-20.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 6 of 6

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Intravenous cyclophosphamide induces remission in children with difficult to treat steroid resistant nephrotic syndrome from minimal change disease
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Results
	Baseline characteristics
	Treatment with CTX
	Outcomes

	Discussion
	Conclusions
	Acknowledgements
	References




