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Efficacy and acceptability
 of immunosuppressive
agents for pediatric frequently-relapsing and
steroid-dependent nephrotic syndrome
A network meta-analysis of randomized controlled trials
Liping Tan, MDa,e, Shaojun Li, MDa,d, Haiping Yang, MDb,d, Qing Zou, MSa,c, Junli Wan, MSb,c, Qiu Li, MDb,e,∗

Abstract
Introduction: A network meta-analysis was conducted to regard the effects of available immunosuppressive medications in
pediatric frequently-relapsing nephrotic syndrome (FRNS) and steroid-dependent nephrotic syndrome (SDNS).

Methods: We reviewed systematically 26 randomized controlled trials (1311 patients) that compared any of the following
immunosuppressive agents to placebo/nontreatment (P/NT) or another drug for FRNS/SDNS treatment in children.

Results: The main outcomes were efficacy and acceptability. At the 6-month, cyclophosphamide, chlorambucil, levamisole, and
rituximab had better efficacy than P/NT (odds ratio [OR]: 0.09, 0.03, 0.28, and 0.07, respectively); cyclophosphamide was
significantly more effective than azathioprine and chlorambucil. At 12 months, cyclophosphamide, chlorambucil, cyclosporine,
levamisole, and rituximab had better efficacy than P/NT (0.10, 0.03, 0.10, 0.23, and 0.07, respectively); Chlorambucil were found to
be more efficacious than levamisole and MMF (0.12 and 0.09, respectively). At 24 months, cyclophosphamide, chlorambucil, and
levamisole had better efficacy than P/NT (0.09, 0.04, and 0.03, respectively); cyclophosphamide had better efficacy than
cyclosporine and vincristine (0.17 and 0.39, respectively).

Conclusion:No significant differences in acceptability were found. Our results suggest that cyclophosphamide may be preferred
initially in children with FRSN/SDNS, chlorambucil, and rituximab may be acceptable medications for patients with FRSN/SDNS.
Long-term follow-up trials focused on gonadal toxicity and limitation of maximum dosage of cyclophosphamide should been carried
out.

Abbreviations: CIs = confidence intervals, FRNS = frequently-relapsing nephrotic syndrome, INS = idiopathic nephrotic
syndrome, MMF = mycophenolate mofetil, OR = odds ratio, P/NT = placebo/nontreatment, SDNS = steroid-dependent nephrotic
syndrome, SUCRA = surface under the cumulative ranking curve.
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1. Introduction
In most of cases, clinical remission of pediatric idiopathic
nephrotic syndrome (INS) can be reached with corticoid (e.g.,
prednisolone) therapy.[1] However, 80% of children treated for
PNS suffer from edema and proteinuria recurrence, and up to
Editor: Muhammed Mubarak.

Funding: This research was supported by the projects of basic and frontier research,
cstc2014jcyjA10032).

Contributions: All the authors have accepted responsibility for the entire content of this
designed the study. SL and LT wrote the protocol. HY designed and implemented the
data. JW entered and analyzed the data. All authors interpreted the data, prepared th

The authors declare that they have no conflict of interests.

Supplemental Digital Content is available for this article.
a Emergency Department, b Nephrology Department, Children’s Hospital Affiliated to C
dChongqing International Science and Technology Cooperation Center for Child Deve
Development and Disorders, Chongqing, China.
∗
Correspondence: Qiu Li, Ministry of Education Key Laboratory of Child Development

Copyright © 2019 the Author(s). Published by Wolters Kluwer Health, Inc.
This is an open access article distributed under the terms of the Creative Commons A
permissible to download and share the work provided it is properly cited. The work ca
journal.

Medicine (2019) 98:22(e15927)

Received: 6 November 2018 / Received in final form: 2 April 2019 / Accepted: 10 Ma

http://dx.doi.org/10.1097/MD.0000000000015927

1

50% of these children go on to develop frequently relapsing
nephrotic syndrome (FRNS) or steroid-dependent nephrotic
syndrome (SDNS) during corticosteroid dose reduction or within
a few weeks after steroid withdrawal.[2,3] It has been suggested
that immunosuppressive medications may help extend the
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duration of remission in PNS patients, particularly during the
corticosteroid withdrawal process.[4]

Some kinds of new hypotoxic immunosuppressive agents have
been presented in recent decades for the intervention of pediatric
FRNS/SDNS recovering from INS.[5] But, these emerging agents
may be lesser efficacious for prolonged remission when corticoid
withdrawal than conventional immunosuppressant medications.
Consequently, there is still no consensus on which immunosup-
pressive agents are most effective for pediatric FRNS/SDNS.
Factors that may be related to treating efficiency have been
identified by conventional meta analyses estimating the efficiency
of emerging immunosuppressive drugs and system reviews
demonstrated different efficacy among non-steroidal immuno-
suppressive agents.[6–9] Nevertheless, conclusions of previous
evidences are inconsistent because indirect comparisons could
From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting Items for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(6): e1000097. doi:10.1371/journal.pmed1000097 
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Figure 1. Study selection process.
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not be conducted. Furthermore, the degree to which effectiveness
and acceptability differentiates across available FRNS/SDNS
medications is not clear.[6,7,10,11]

In view of the above, a network meta-analysis[12] is reported in
which comparisons of eight non-steroidal immunosuppressive
medications were made with regard to effectiveness and
acceptability in pediatric FRNS/SDNS. The purpose of this study
was to defined a better pediatric FRNS/SDNS therapeutic regimen.
2. Methods

2.1. Trials identification

Prepared for this multiple-treatments meta-analysis, a study
protocol had been drafted and published on the prospero website
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(CRD 42016048032). There are no ethical conflicts involved in
the article. A literature search for relevant studies was performed
in Medline (from 1950 to March 2019), the Central (Cochrane
Central Register of Controlled Trials, Issue 3, 2019), and Embase
(1974 to March 2019) using the following terms: “alkylating
agents,” “immunosuppressive agents,” “cyclosporine,” “azathi-
oprine” or “mycophenolic acid,” “cyclophosphamide,” “tacro-
limus,” “chlorambucil,” “levamisole,” “rituximab”; and
“nephrotic syndrome,” “nephrosis lipoid,” “focal segment
glomerulosclerosis,” “glomerulonephritis membranoprolifera-
tive,” “minimal change nephrotic syndrome,” “membranopro-
liferative glomerulonephritis,” “IgM nephrothay.” We restricted
the search results to papers reporting clinical trials on children. In
addition, we screened the reference lists of eligible articles and
correlative reviews and searched ClinicalTrials.gov for ongoing
studies to identify other potentially germane studies.

2.2. Selection criteria

We included randomized controlled trials compared with any of
the following interventions and in which children with FRNS/
SDNS were the subjects: cyclosporine, azathioprine, MMF,
tacrolimus, chlorambucil, cyclophosphamide, levamisole, and
rituximab. The experience group might be compared to a P/NT
and/or another agent. FRNS was defined as at least two
recurrences within 6 months or at least four recurrences within
12 months of an initial remission. SDNS was defined as two
consecutive relapses during corticosteroid reduction or within 14
days of corticosteroid withdrawal.[13]

We excluded trials involving patients experiencing their first
bout of steroid sensitive nephrotic syndrome, steroid resistant
nephrotic syndrome, congenital nephrotic syndrome, and other
renal/ systemic forms of nephrotic syndrome. We also excluded
trials inwhichonly abstractswere publishedwith noavailable data
available fromotherways. Language restrictionswere not applied.

2.3. Outcome measures

The primary efficacy outcome was relapse rate and the primary
acceptability outcomes were dropout rate and adverse effects.
Figure 2. Risk o

5

We extracted primary outcome data for the following timepoints
(±1 month): 6 months, 12 months, 24 months, and the final
follow-up examination reported. We defined relapse as urinalysis
results of ≥3+ (300mg/dL) protein level in early morning urine
samples for three consecutive days.[13] We defined adverse
effects (acceptability outcome) as sequelae happening in the
initial 6±1 months post-treatment period. Dropout for any
reason (acceptability outcome) included patients who withdrew
before the end of the study follow-up period.
2.4. Extraction of data and assessment of bias risk

Two researcher (LT and SL) evaluated references and abstracts,
reviewed quality of trials and rated the integrity of abstracted
data respectively. Emails were sent to the writer of papers with
inadequate data who were required to provide supplemental
material. We used Cochrane risk of bias tool to assessed the
quality of methodology and bias risk.

2.5. Statistics analysis

First, traditional pairwise comparisons of random-effects were
conducted using the metan command with Knapp–Hartung
method,[14] from which odds ratios (ORs) with 95% confidence
intervals (CIs) were reported.We used the Haldanemethod to add
0.5 to each arm when trial reported a zero event. We performed
conventional meta-analyses with the DerSimonian-Laird random
effects model. We used the I2 statistic as heterogeneity index.
Secondly, we performed network meta-analyses using the

network suite based on a frequentist framework.[15] Based on the
assumption that all treatment-contrasts had the same heteroge-
neity variance, we performed the network meta-analysis with a
multivariable meta-analysis of random-effects using mvmeta
command. Netleague command was used to report relative
effects of treatment for all pairwise comparisons obtained by the
multiple-treatments meta-analysis. We considered that P < .05
was significant. For population difference magnitude, a plausible
range was looked at. The network rank option was used to
estimate the probability which agent might be the most, second
most, third most, etc efficacious intervention. We determined the
f bias graph.
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Figure 3. Risk of bias summary.

Tan et al. Medicine (2019) 98:22 Medicine
surface under the cumulative ranking curve (SUCRA)[16] as an
evaluation of the ranking probability for each medication to
obtain a treatment hierarchy. We ranked the agents’ acceptability
using the same method. Consistency within the networks was
assessed between direct and indirect comparison using interac-
tion model of the design-by-treatment.[17] We applied a loop-
specific approach to check local inconsistency in network meta-
analysis models when information was adequately similar among
combined data. For a specific comparison, we calculated
inconsistency factor with 95% CIs between indirect and direct
evaluations as a method of within-loop inconsistency.[18] The
definition of inconsistency was disagreement between indirect
and direct comparison (95% CIs excluding 0). We conducted all
data analyses in Stata 14.0 (Stata Corp, College Station, TX).

3. Results

3.1. Characteristics of study and network of evidence

Total number of 10,464 possibly correlative articles was included
identified by literature searches, which identified 7236 unique
qualified studies. We excluded 7174 reports during the review
process based on our eligibility criteria. Ultimately, 26 studies
reported from 1970 to 2018 were selected for inclusion in
ultimate analysis. The 26 eligible trials included 1311 partic-
ipants who were randomly assigned to a treatment group or
placebo/nontreatment (P/NT) group. The summary of study
screening process is shown in Fig. 1.

3.2. Characteristics of study

Table 1 summarizes the characteristics of 26 included
studies.[3,19–43] In brief, study time of duration varied from
6 to 24 months and the age of included participants ranged
from 1 to 17 years old. Most (71%) of the individuals were male.
Data from 1311 participants were processed in ours study. The
average sample number was 50 participants each group with
range from 20 to 149. Majority (25/26; 96%) of the trials were
two-arms (one experimental medication and one P/NT); one
study had three arms (two experimental medications and one P/
NT).[28] On the quality of trials, 23% of the studies were patient-
blinded, 27% were outcome-blinded, 69% were allocation-
concealed, and 15% were incomplete outcome. In general,
low risk of bias was showed in the included studies (see Fig. 2 and
Fig. 3).

3.3. Network of evidence

Our efficacy and acceptability analyses at the 6-, 12-, and 24-
month follow-up time points included 566 participants in 14
studies of total six drugs (Fig. 4A), 1008 participants in 21 studies
of total eight drugs (Fig. 4B), and 318 participants in 8 studies of
total six drugs (Fig. 4C), respectively. Altogether, the following
eight drugs were analyzed compared with P/NT in the presenting
analysis: cyclophosphamide (7 trials), cyclosporine (5 trials),
azathioprine (2 trials), chlorambucil (4 trials), levamisole
(10 trials), rituximab (3 trials), vincristine (1 trials), and
mycophenolate mofetil (3 trials).

3.4. Direct pairwise pooled-analyses of single-drugs

Table 2 shows the efficacy and acceptability analysis results from
single immunosuppressive agents at 6, 12, and 24 months follow
6

up as obtained by conventional meta-analyses. Cyclophospha-
mide, chlorambucil, and rituximab were found to be associated
with a significantly better efficacy (reduced relapse rate)
compared with P/NT at both the 6- and 12-month follow-up



Figure 4. Network of eligible efficacy and acceptability comparisons. The thickness of the lines reflects the number of studies being compared, and node size
reflects the number of randomized individuals.

Tan et al. Medicine (2019) 98:22 www.md-journal.com
time points (Table 2, Fig. S3, http://links.lww.com/MD/D20).
Additionally, chlorambucil had better efficacy than cyclosporine,
cyclosporine had better efficacy thanMMF, and levamisole better
than P/NT at 12-month follow-up time points (Table 2, Fig. S3,
http://links.lww.com/MD/D20). At the 24-month follow-up
time point, cyclophosphamide was more efficacious than
cyclosporine and P/NT and chlorambucil was more efficacious
than cyclosporine (Table 2).
There were no significant differences in acceptability between

any of the eight experimental drugs versus P/NT nor between one
another. But, it is noteworthy that most of the 95% CIs obtained
from the comparisons were reflective of high or no heterogeneity
as result of a small amount of included trials in direct
comparisons; in general, there was moderate heterogeneity.
3.5. Network meta-analysis of single-drugs

Our network meta-analysis results for immunosuppressive
medications, active comparators, and P/NT are presented in
Fig. 5 presents network meta-analysis outcomes for immunosup-
pressive agents and P/NT. At the 6-month follow-up time point
(Fig. 5A), cyclophosphamide, chlorambucil, levamisole, and
rituximab had significant associations with relapse reduction
compared with P/NT. Chlorambucil was associated with reduced
relapse rates compared with azathioprine, while cyclophospha-
mide versus azathioprine, cyclophosphamide versus levamisole
and chlorambucil versus levamisole were noted with the 95% CI
for OR slightly more than 1. At the 12-month follow-up time
point (Fig. 5B), cyclophosphamide, chlorambucil, cyclosporine,
levamisole, and rituximab were associated with reduced relapse
rates compared with P/NT. Chlorambucil were found to be more
efficacious than levamisole and MMF while cyclophosphamide
was not found to be more efficacious than levamisole with 95%
CIs for ORs slightly more than 1. Meanwhile, chlorambucil was
found to be more efficacious than vincristine. At the 24-month
follow-up time point (Fig. 5C), cyclophosphamide, chlorambucil,
and levamisole were associated with reduced relapse rates
compared with P/NT, cyclophosphamide was more efficacious
than cyclosporine. Cyclophosphamide and chlorambucil was not
7

more efficacious than vincristine with 95% CIs for ORs slightly
more than 1. No significant differences in acceptability were
found.

3.6. Medications ranking

The relative rankings of efficacy and acceptability of the drugs
evolved over time. At the 6-month follow-up time point,
chlorambucil, rituximab, and cyclophosphamide were among
the most efficacious treatments, while P/NT, levamisole, and
azathioprine were better tolerated than the remaining immuno-
suppressive medications (Fig. 6A). The accumulative chances of
efficacy for the testing agents at 6 months were: chlorambucil
(68.7%), rituximab (21.2%), cyclophosphamide (9.9%), azathi-
oprine (0.1%), levamisole (0.1%), and nontreatment/placebo
(0%). The cumulative acceptability rates for the examined
medications were: nontreatment/placebo (37.0%), levamisole
(23.5%), azathioprine (15.1%), cyclophosphamide (13.0%),
chlorambucil (10.7%), and rituximab (0.7%).
At 12 months (Fig. 6B), chlorambucil, rituximab, cyclophos-

phamide, and cyclosporine were the most efficacious treatments,
and rituximab, levamisole, nontreatment/placebo, and vincristine
were better tolerated than the other medications. The accumula-
tive chances of being the most efficacious agent were:
chlorambucil (74.8%), rituximab (18.7%), cyclosporine
(3.7%), MMF (0.1%), vincristine (1.2%), cyclophosphamide
(1.5%), levamisole (0.1%), and nontreatment/placebo (0%). The
probabilities for being the most acceptable at 12 months were:
rituximab (43.1%), vincristine (31.3%), levamisole (1.0%),
cyclosporine (11.1%), MMF (3.6%), nontreatment/placebo
(4.7%), chlorambucil (3.1%), and cyclophosphamide (2.1%).
At 24 months (Fig. 6C), levamisole, chlorambucil, and

cyclophosphamide were the most efficacious treatments, while
vincristine, levamisole, and chlorambucil were the best tolerated.
The accumulative chances of the most efficacious agent at
24 months were: levamisole (64.0%), chlorambucil (33.5%),
cyclophosphamide (1.6%), vincristine (0.9%), cyclosporine
(0%), and nontreatment/placebo (0%). The probabilities for
being the most acceptable at 24 months were: vincristine

http://links.lww.com/MD/D20
http://links.lww.com/MD/D20
http://www.md-journal.com
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Figure 5. Efficacy and acceptability of agents at 6-month (A), 12-month (B), and 24-month (C) follow-up time points. Agents are reported in alphabetical order. ORs
in the column-defining drug are compared to ORs in the row-defining drug. For efficacy, ORs > 1 favor the column-defining treatment. For acceptability, ORs < 1
favor the first drug in alphabetical order. Significant comparisons are underscored and bolded. AZA= azathioprine, CHL= chlorambucil, CPA= cyclophosphamide,
CsA = cyclosporine, LEV = levamisole, MMF = mycophenolate mofetil, PLA= nontreatment/placebo, RTX = rituximab.
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Figure 6. Efficacy (real line) and acceptability (dashed line) rankings at 6 months (A), 12 months (B), and 24-month (C) follow-up time points. Ranking reflects the
probability of being the best, second best etc agent among the eight tested medications.
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(32.8%), levamisole (36.8%), chlorambucil (21.5%), cyclospor-
ine (7.8%), nontreatment/placebo (5.6%), and cyclophospha-
mide (5.5%).
Cluster ranking (Fig. S1, http://links.lww.com/MD/D20)

indicated that chlorambucil, cyclophosphamide, and rituximab
may have the best efficacy and acceptability profiles, relative to
the other examined drugs, at 6 months. Cluster ranking indicated
that chlorambucil, cyclosporine, cyclophosphamide, and ritux-
imabmay have the best efficacy and acceptability profiles, relative
to the other examined drugs, at 12 months. And, finally, cluster
ranking indicated that cyclophosphamide, levamisole, and
chlorambucil may have the best efficacy and acceptability
profiles at 24 months.
3.7. Inconsistency and publication bias

Figure S2, http://links.lww.com/MD/D20 shows low inconsis-
tency of indirect and direct comparisons of rates of relapse. It was
consistent in the most of loops, with the 95% CIs (contained 0)
illustrating similar evaluations of effects between indirect and
direct comparisons. Therefore, the results of network meta-
analysis were robust. No asymmetry evidence was showed in
comparison adjusted funnel plots for 12 months efficacy (Fig. S4,
http://links.lww.com/MD/D20).
4. Discussion

Our analysis included 24 trials, with 1062 participants who were
randomly allocated to either one of eight immunosuppressive
agent groups or P/NT group. Chlorambucil, rituximab, and
cyclophosphamide were more efficacious than azathioprine,
levamisole, and P/NT at all examined time points. However, P/
NT, levamisole, and azathioprine were better tolerated than
cyclophosphamide, chlorambucil, and rituximab at 6 months.
Chlorambucil, rituximab, cyclophosphamide, and cyclosporine
may control recurrence better thanMMF, vincristine, levamisole,
and nontreatment/placebo, whereas rituximab, vincristine,
levamisole, and MMF appear to be tolerated better than
cyclosporine, nontreatment/placebo, chlorambucil, and cyclo-
phosphamide at 12 months. At 24 months, levamisole,
chlorambucil, and cyclophosphamide were more efficacious
than vincristine, cyclosporine, and nontreatment/placebo, while
vincristine, levamisole, and chlorambucil were better tolerated
than cyclosporine, nontreatment/placebo, and cyclophospha-
mide. Our results, which illustrate different efficacy amongst the
tested agents may provide useful information useful for the
selection of immunosuppressive medications for FRSN/SDNS
treatment in pediatric patients. Although prior research has
produced apparently favorable efficacy and safety results for
rituximab in pediatric FRSN/SDNS patients compared with other
immunosuppressive agents, sufficient power was lacking to yield
clinically significant differences in treatment effects.[6]

A clinical significance of our findings is that chlorambucil,
rituximab, and cyclophosphamide should be considered as
preferred immunosuppressive medications for FRSN/SDNS in
children due to their more effectiveness and overall good,
although not preferable, acceptability. Among these three drugs,
cyclophosphamide is more affordable than rituximab in most
countries. However, without a formal cost-effectiveness analysis,
this recommendation cannot be made unequivocally. Conversely,
azathioprine, vincristine, and levamisole were less favorable
options for FRSN/SDNS in terms of efficacy. Azathioprine and
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vincristine were also not ranked high for acceptability among the
presently examined immunosuppressive medications. Hence, the
present findings suggest that azathioprine, vincristine, and
levamisole should not be first-line treatments for FRSN/SDNS.
Existing traditional head-to-head meta-analyses of the effec-

tiveness of immunosuppressive agents for pediatric FRSN/SDNS
were not conclusive owing to limited information of treating
effects and failures to provide evidence of relative effect of eligible
agents. But all, a published systematic review, reported by
Nanthiya et al, demonstrated that 8-week courses of cyclophos-
phamide or chlorambucil and extended-term courses of cyclo-
sporine and levamisole can reduce relapse risk in children with
SSNS compared with corticosteroids.[7] The present research
provides much necessary direct comparisons among immuno-
suppressive drugs in patients of primary nephrotic syndrome.
Rituximab, a monoclonal anti-CD-20 antibody, represents a

new treatment strategy of B cell apoptosis induction.[20] Some
studies have reported that rituximab treatment prolonged clinical
remission and decreased glucocorticoid dose levels in children
with FRSN/SDNS.[19,20] Clinical guidelines for pediatric idio-
pathic nephrotic syndrome recommend the immunosuppressive
agents cyclosporine and cyclophosphamide (recommendation
grade A) as well as mizoribine (recommendation grade C2), while
suggesting rituximab only for refractory disease (recommenda-
tion grade C).[5]

The most problematic adverse secondary effect of cyclosporine is
chronic renal toxicity, an rising risk for which has be related to
cyclosporine treatment for more than 2 years.[44] The rates of
associated side effect of immunosuppressive medications reported
may be underestimated because the initial trials were designed
primarily not to estimate adverse effect. In addition, because we
included studies with combined corticoid treatment, related results
of immunosuppressive medications should not be considered
unrelated of possible corticoid effects. Moreover, our findings
cannot be generalized to children who suffer from steroid-resistant
nephrotic syndrome because we excluded studies with that patients.
The findings of our meta-analysis should be applied to

duration of<2 years. Practice efficacy and acceptability>2 years
might be quite different from results obtained within 2 years.[45]

In addition, the quality of the initial trials may limit the quality of
this review. Most eligible trials in this study reported insufficient
information on randomization and allocation concealment,
which may have an affect on the total validity of the data.[46]

About 65% of the included trials had high performance bias and
detection bias. The small sample-sizes and small number of the
eligible trials might also be considered for the generalizability of
findings. Lastly, all of the eligible trials did not address long-term
fertility-related adverse effect of alkylating-agent.
In conclusion, on the basis of all obtainable indirect and direct

evidences, our analyses suggest that cyclophosphamide may be
preferred initially in children with FRSN/SDNS, chlorambucil,
and rituximab may be acceptable medications for patients with
FRSN/SDNS. Moreover, long-term follow-up trials focused on
gonadal toxicity and limitation of maximum dosage of
cyclophosphamide should be carried out. Additional evidences
about the safety and efficacy of rituximab in children with FRSN/
SDNS are also needed.
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