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CQ3*
Is mycophenolate mofetil treatment recommended as a rituximab after-treatment for childhood-

onset refractory frequently-relapsing and steroid-dependent nephrotic syndrome?

Statement

We propose mycophenolate mofetil to be administered for remission maintenance as an after-
treatment for rituximab therapy for childhood-onset refractory frequently-relapsing and steroid-
dependent nephrotic syndrome (off-label use).

Recommendation grade 2B (agreement ratio 88%)

Treatment example
Following rituximab treatment, mycophenolate mofetil is administered at 1,000-1,200

mg/m?/day (maximum dose 2 g/day) in two divided doses.

Evidence summary

A randomized comparative study conducted in Japan suggested that use of mycophenolate
mofetil as an after-treatment for rituximab therapy might be clinically effective in remission
maintenance for intractable nephrotic syndrome that develops as idiopathic nephrotic syndrome
in childhood, shows steroid sensitivity, does not respond to conventional treatments (steroids,
immunosuppressants, etc.) to maintain remission, and shows frequent relapses or steroid
dependency. This treatment should be administered by a physician with adequate knowledge

and experience.

Commentary
Three randomized comparative studies [!=3], including the Japanese study described in the
foregoing section, CQ3, demonstrated efficacy of rituximab for childhood-onset refractory
frequently-relapsing and steroid-dependent nephrotic syndrome. On the other hand, a long-term
prognosis survey in a Japanese randomized comparative study [ reported that out of 51 patients
with refractory frequently-relapsing and steroid-dependent nephrotic syndrome who received a
total of four doses of rituximab at 1-week intervals during a median observation period of 59
months, 48 patients (94%) experienced relapses, with a 50% relapse-free time of 261 days 41;
there has been demand for the establishment of a treatment to maintain long-term remission
following rituximab treatment.

Regarding after-treatment in rituximab therapy, an observational study conducted by Kamei
et al. in 2009 in 12 patients receiving a single dose of rituximab for childhood-onset refractory

and steroid-dependent nephrotic syndrome Pl reported that 2 of 3 patients on an after-treatment



with mycophenolate mofetil maintained remission for a long time, suggesting the potential use
of mycophenolate mofetil as a rituximab after-treatment. With this result in mind, Ito et al.
conducted a pilot study in 16 Japanese patients receiving mycophenolate mofetil as a rituximab
after-treatment, with the aim to reduce the total number of rituximab doses and prolong the
relapse-free time, showing that the mean number of relapses/year following rituximab treatment
was significantly smaller in 9 patients receiving a single dose of rituximab in combination with
mycophenolate mofetil for 1 year than in 7 patients receiving a single dose of rituximab (0.4
relapses/year vs. 2.3 relapses/year, p<0.005) [¢l. With no serious adverse event observed,
mycophenolate mofetil was considered to be useful as a rituximab after-treatment, and a
multicenter double-blind placebo-controlled randomized comparative study (Study JSKDCO07,
University Hospital Medical Information Network Clinical Trials Registry ID
UMINO000014347, Japan Registry of Clinical Trials Clinical Study Protocol No.
jJRCTs051180081) was conducted to evaluate the efficacy and safety of mycophenolate mofetil
as a remission maintenance therapy following rituximab treatment for pediatric refractory
frequently-relapsing and steroid-dependent nephrotic syndrome in Japan 81, This clinical study
evaluated the efficacy and safety of mycophenolate mofetil versus placebo administered orally
at 1,000 to 1,200 mg/m?/day (maximum dose 2 g/day) in two divided doses a day for 17 months
following a total of four intravenous doses of rituximab at 375 mg/m?/dose (maximum dose 500
mg/dose) at 1-week intervals as remission maintenance therapy, in patients with childhood-onset
refractory frequently-relapsing and steroid-dependent nephrotic syndrome (each group
consisting of 43 patients, a total of 86 patients participating in the evaluations). The median of
the primary endpoint, i.e., time to onset of treatment failure* throughout the study treatment
period and follow-up period (including the course following the end of mycophenolate mofetil
treatment), was 784.0 days in the mycophenolate mofetil group and 472.5 days in the placebo
group; although the median time was longer in the mycophenolate mofetil group, the difference
was not statistically significant (p=0.0694). Post-hoc analysis showed, however, that the median
time to onset of treatment failure during the study treatment period (with oral mycophenolate
mofetil and placebo) was not reached in the mycophenolate mofetil group and was 493.0 days
for the placebo group, with a hazard ratio of 0.202 (p=0.0001) in the mycophenolate mofetil
group compared with the placebo group; occurrences of treatment failures were suppressed by
80%. Furthermore, a secondary endpoint, i.e., the number of relapses during the study treatment
period, was significantly smaller in the mycophenolate mofetil group than in the placebo group
(mean + standard deviation 0.43+0.90 vs. 1.9942.37 relapses/person-year; hazard ratio 0.257;
95% confidence interval 0.084-0.480), and the steroid dose during the study treatment period
also decreased significantly (mean =+ standard deviation 4.45+3.52 vs. 10.45+12.49 mg/m?/day;

p=0.0004). As for adverse events, the number of infection events that required treatment was



larger in the mycophenolate mofetil group (1.59 vs 0.82, mean ratio 1.94 [95% confidence
interval 1.07-3.52]). However, there was no significant difference in the frequency of infusion
reactions or late onset neutropenia, nor was there any death; the safety was acceptable. Based on
the above results, the present authors concluded that mycophenolate mofetil maintenance
therapy following rituximab treatment could be an option for maintaining remission in
childhood-onset refractory frequently-relapsing and steroid-dependent nephrotic syndrome,
although no statistical evidence was obtained. Therefore, we decided to propose mycophenolate
mofetil treatment as a rituximab after-treatment for childhood-onset refractory frequently-
relapsing and steroid-dependent nephrotic syndrome, with the recommendation grade 2B.

With other immunosuppressants (cyclophosphamide, cyclosporin, tacrolimus, etc.), no
placebo-controlled randomized comparative study has been conducted in childhood-onset
refractory frequently-relapsing and steroid-dependent nephrotic syndrome as an after-treatment
for rituximab treatment. In addition, a prospective non-randomized study of after-treatment
following rituximab treatment was conducted in a few patients comparing mycophenolate
mofetil and another immunosuppressant, cyclosporin Pl; however, evidence to determine which
is better is lacking.

Another means of maintaining remission for a long time following rituximab treatment is
repeated-dose administration of rituximab [%. At present, the safety of repeated-dose
administration of rituximab in terms of long-term B cell depletion in children is unclear and
remains disputable as a treatment.

s
*Treatment failure
In Study JSKDCO7, treatment failure was defined as any of I) frequent relapses, 1) steroid

dependency, or I1I) steroid refractoriness during the observation period.

References

1) Iijima K et al. ; Rituximab for Childhood-onset Refractory Nephrotic Syndrome (RCRNS)
Study Group : Rituximab for childhood-onset, complicated, frequently relapsing nephrotic
syndrome or steroid-dependent nephrotic syndrome: a multicentre, double-blind, randomised,
placebo-controlled trial. Lancet 2014 ; 384 : 1273-1281

2) Ravani P, et al. : Short-term effects of rituximab in children with steroid- and calcineurin-
dependent nephrotic syndrome : a randomized controlled trial. Clin J Am Soc Nephrol 2011 ;
6:1308-1315.

3) Ahn YH, et al.. Efficacy and safety of rituximab in childhood-onset, difficult-to-treat
nephrotic syndrome: A multicenter open-label trial in Korea. Medicine (Baltimore). 2018: 97:
el3157.



4) Kamei K, et al. : Rituximab for Childhood-Onset Refractory Nephrotic Syndrome (RCRNS)
Study Group : Long-term outcome of childhood-onset complicated nephrotic syndrome after a
multicenter, double-blind, randomized, placebo-controlled trial of rituximab. Pediatr Nephrol
2017;32:2071-2078.

5) Kamei K, et al. : Single dose of rituximab for refractory steroid-dependent nephrotic
syndrome in children. Pediatr Nephrol 2009; 24: 1321-1328

6) Ito S, et al. : Maintenance therapy with mycophenolate mofetil after rituximab in pediatric
patients with steroid-dependent nephrotic syndrome. Pediatr Nephrol 2011; 26: 1823-1828

7) Horinouchi T, et al : Study protocol: mycophenolate mofetil as maintenance therapy after
rituximab treatment for childhood-onset, complicated, frequently-relapsing nephrotic
syndrome or steroid-dependent nephrotic syndrome: a multicenter double-blind, randomized,
placebo-controlled trial (JSKDCO07). BMC Nephrol 2018; 19: 302

8) lijima K, et al. : Mycophenolate Mofetil after Rituximab for Childhood-onset Complicated
Frequently-relapsing or Steroid-dependent Nephrotic Syndrome. J Am Soc Nephrol. 2022; 33:
401-419.

9) Fujinaga S, et al. : Cyclosporine versus mycophenolate mofetil for maintenance of remission
of steroid-dependent nephrotic syndrome after a single infusion of rituximab. Eur J Pediatr
2013;172: 513-518.

10) Chan E, et al. : Long-term Efficacy and Safety of Repeated Rituximab to Maintain
Remission in Idiopathic Childhood Nephrotic Syndrome: An International Study. J Am Soc
Nephrol. 2022; 33: 1193-1207.

Literature queries

CQ 3 °: Is mycophenolate mofetil treatment recommended as a rituximab after-treatment

for childhood-onset refractory frequently-relapsing and steroid-dependent nephrotic
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< PubMed (searched on August 14, 2022)

#1 "Nephrotic Syndrome"[TW]

#2 dependent[TIAB]

#3 frequent*[ TIAB]AND relaps*[ TIAB]

#4 SSNS[TIAB] OR FRNS[TIAB] OR SDNS[TIAB]
#5 refractory[ TIAB]

#6 sensitive[ TIAB]

#7 #2 OR #3 OR #4 OR #5 OR #6



#8
#9
#10
#11

#12

#1 AND #7
"Rituximab"[TW] OR rituxan[ TIAB]
#8 AND #9
#10 AND (child*[TW] OR infant*[ TW] OR boy*[ TW] OR girl*[ TW] OR
pediatric*[ TW] OR paediatric*[ TW] OR adolescen*[TW])
#11 AND 2018[PDAT] : 2022[PDAT]

One-hundred-fourteen (114) search results

< Igaku Chuo Zasshi website (searched on August 14, 2022)

#1
#2
#3
#4
#5
#6
#7
#8

#9

#10
#11
#12

(Nephrotic syndrome/TH or nephrotic syndrome/AL)
(Rituximab/TH or rituximab /AL)
Rituxan/AL
rituxan/AL
#2 or #3 or #4
#1 and #5
(#6) and (PT=meeting minutes excluded, CK=humans)
(#7) and (CK=neonates and infants [ 1-23 months], young children [2-5 years],
children [6-12 years], adolescents [ 13-18 years])
(children/TH or children/AL)

#7 and #9

#8 or #10

(#11) and (DT=2018:2022)

Sixty-two (62) search results

4+ The Cochrane Library (searched on August 14, 2022)

#1
#2
#3
#4
#5
#6
#1
#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
#20
#21

MeSH descriptor: [Nephrotic Syndrome] this term only
MeSH descriptor: [Nephrosis, Lipoid] this term only
nephrotic syndrome
lipoid nephrosis
#1 or #2 or #3 or #4
child* or infant* or boy* or girl* or pediatric* or paediatric* or adolescen*
#5 and #6
dependent
frequent™®
relapse*
SDNS
FRNS
SSNS
refractory
sensitive
#8 or #9 or #10 or #11 or #12 or #13 or #14 or #15
Rituximab
MeSH descriptor: [Rituximab] explode all trees
#17 or #18
#7 and #16 and #19
#7 and #16 and #19 with Cochrane Library publication date between Jan 2018 and
Aug 2022, in Cochrane Reviews, Cochrane Protocols

Seven (7) search results (The Cochrane Database of Systematic Review: CDSR)
#22 #7 and #16 and #19 with Publication year from 2018 to 2022, in Trials
Forty-seven (47) search results (The Cochrane Controlled Trials Register: CCTR)

The final draft was reviewed and approved with necessary additions and corrections,
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