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BACKGROUND: Mycophenolate mofetil (MMF) has emerged as a new 
agent for treatment of a variety of glomerular diseases. This study ex-
amines the safety and efficacy of MMF in treating pediatric patients 
with steroid-dependent (SD) and/or frequently relapsing (FR) nephrotic 
syndrome (NS).
METHODS: We retrospectively reviewed the medical records of 18 pa-
tients with SDNS and/or FRNS treated with MMF for at least 3 months. 
MMF was used in 11 patients with SDNS (n=10) and FRNS (n=1), includ-
ing 7  males and 4 females.
RESULTS: Mean age at time of diagnosis of NS was 3.3 years (range, 
1.1-8.5 years), and at the start of MMF 5.9 years (range, 2.9-10 years). 
Seven patients had a renal biopsy prior to starting MMF; all had me-
sangial proliferative glomerulonephritis. Mean follow-up after starting 
MMF was 12.2 months (range, 4-24 months). Mean MMF dose was 948 
mg/m2/day (range, 500-1087 mg/m2/day). MMF resulted in improvement 
in 9 of 11 patients, with 8 patients weaned off steroids completely, with a 
reduction in the mean relapse rate from 4.7 relapses/patient/year (range, 
2.4-6) before MMF to 1.05 relapses/patient/year (range, 0-4.5) after MMF 
therapy (P=0.0001). The relative risk for relapse before MMF was 4.7 
(P=0.0002). None of the patients had significant adverse events or intol-
erance to MMF therapy.
CONCLUSION: We conclude that MMF is a safe and effective option for 
treatment of children with SDNS and/or FRNS.

Mycophenolate mofetil in children with steroid-dependent 
and/or frequently relapsing nephrotic syndrome
Samhar Al-Akash, Abdulkarim Al Makdama

Corticosteroids are the first line of therapy in children with ne-
phrotic syndrome. The response rate after appropriate treatment 
of the initial episode of illness reaches 85% to 90%,1,2 but more 

than 90% of nephrotic children develop a relapse at some point and 
about 50% of those become steroid-dependent or frequent relapsers.1,2 
However, the side effects of steroid therapy limit their long-term usage. 
Second-line agents, such as cyclophosphamide (CYC) and cyclospo-
rine (CSA) have proven to be effective in treatment of patients with 
SD or FR-NS,3 but their toxic side effects limit chronic use or repeated 
courses of therapy. Mycophenolate mofetil (MMF), an immunosup-
pressive drug that inhibits both B- and T-cells, is used primarily for 
rejection prophylaxis in renal transplant recipients.4 Because of its po-
tent immunosuppressive action, MMF has emerged as a new agent for 
treatment of a variety of glomerular diseases such as lupus nephritis,5-7 
focal segmental glomerulosclerosis and treatment-resistant NS8-12 and 
membranous nephropathy13,14 with variable rates of success. The major 
advantages of MMF over other agents are the lack of nephrotoxicity 
compared to CSA, the absence of steroid adverse effects, and relatively 
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mild and reversible gastrointestinal and hematologi-
cal side effects, properties which, if efficacy is proven, 
make MMF an attractive choice in patients who re-
quire long-term therapy.

Patients and Methods
We retrospectively reviewed the charts of pediat-
ric patients under the age of 14 years (the pediat-
ric age limit at our hospital) with the diagnosis of 
nephrotic syndrome who were treated with MMF. 
Eighteen patients who received therapy with MMF 
were identified. A total of 7 patients were excluded 
because they did not complete 3 months of therapy 
(3 patients), had incomplete data (2 patients), or had 
steroid-resistant nephrotic syndrome (2 patients). 
All remaining 11 patients fulfilled the criteria for SD 
(10 patients) or FR (1 patient) NS,1,2 with 5 patients 
satisfying criteria for both categories. For the initial 
episode of illness, treatment consisted of prednisone 
60 mg/m2/day in a single daily dose for 4 to 6 weeks, 
followed by prednisone 40 mg/m2/day on alternate 
days for 4 to 6 weeks. Treatment of relapse consisted 
of prednisone 60 mg/m2/day in a single daily dose 
until the urine dipstick (Multistix 10 SG, Bayer 
AG, Leverkusen, Germany) for protein was nega-
tive or trace for 3 consecutive days, then prednisone 
40 mg/m2/day on alternate days tapered gradually 
over 3 to 6 months. Relapse definition parameters 
used in our clinical practice were the presence of 
proteinuria of 3+ or more on the urine dipstick on at 
least 3 consecutive days and/or the presence of clini-
cal signs of relapse. The primary outcome measure 
was the average number of documented relapses per 
patient before (up to 2 years) and after (up to last 
follow-up) treatment with MMF, adjusted per year 
of follow-up. Other data collected and analyzed in-
cluded renal function as measured by serum creati-
nine and hematological data obtained during sched-
uled clinic visits. 

For statistical analysis of data, Microsoft Excel 
was used to calculate means. The paired t test was 
used to calculate P values. Relative risk values were 
calculated using SAS software program.

Results
Mean age at diagnosis of NS was 3.3 years (range, 
1.1-8.5 years). The mean age at the start of MMF 
therapy was 5.9 years (range, 2.9-10 years). Seven of 
11 patients had a renal biopsy at some point prior 
to starting MMF. All 7 biopsies were adequate and 
were examined by light microscopy, immunoflores-
cence, and electron microscopy. Second-line therapy 

failed in 4 patients (levamisole [LEV] in 1, CYC in 
2, and LEV, CYC and CSA in 1) prior to starting 
MMF. Mean follow-up after starting MMF was 12.2 
months (range, 4-24 months). Mean MMF dose was 
948 (range, 500-1087) mg/m2/day in 2 divided doses 
(8 patients) or 3 divided doses (3 patients).

Individual patient responses and clinical courses 
are summarized in Table 1. Nine of the 11 patients 
(82%) had a good response to treatment, with a 
reduction in the number of relapses, with 8 (73%) 
completely weaned off steroids. The mean time off 
steroids was 8.2 months (range, 4-15 months). Only 
2 patients (18%) did not benefit from therapy and 
continued to be steroid-dependent. Both had me-
sangial proliferative glomerulonephritis without evi-
dence of focal and segmental glomerulosclerosis on 
renal biopsy. One of these 2 patients had focal me-
sangial IgM deposits (patient 9), and was switched 
to CYC with good response, while the second pa-
tient continued to be steroid-dependent after further 
treatment with CYC (patient 3). Patient 3 had no 
relapses during the initial 12-month period after 
starting MMF, and was off steroids for 6 months, 
but had frequent relapses and steroid dependency 
afterwards; therefore, MMF was stopped after an 
additional 6 month period with no response. Patient 
2 was initially treated for 6 months with no relapses, 
and was weaned off steroids. However, he relapsed 
3 months after stopping MMF, and was restarted 
on it. He continued to be in remission 11 months 
later (a total follow up of 20 months with 1 relapse). 
Patient 11 was a late responder to prednisone, and 
relapsed twice when he was switched to alternate-
day therapy. He was in remission at last follow-up 4 
months after starting MMF, and was only on a small 
dose of alternate-day prednisone.

The mean number of relapses was significantly 
reduced from 4.9 (range, 2-6) to 1.05 (range, 0-
4.5) relapses/patient/year with MMF treatment 
(P=0.0001). The relative risk for relapse before 
use of MMF was significantly higher by 4.7 fold 
(P=0.0002). Before MMF therapy, 10 patients (91%) 
had an average of 3 or more relapses per year, while 
after treatment only 2 patients (18%) had an average 
of 3 or more relapses per year, 6 patients (55%) had 
no relapses, 2 patients (18%) had only 1 relapse per 
year, and 2 patients (18%) had an average of 2 to 3 
relapses per year.

There was no change in hematological parameters 
or serum creatinine before and after treatment. Only 
2 patients had mild gastrointestinal side effects, and 
1 patient developed herpetic stomatitis while on 
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MMF and the drug was stopped only briefly. None 
of the patients had intolerance to MMF.

Discussion
Children with steroid-dependent and frequently re-
lapsing nephrotic not only suffer from the disease, 
but also have to bear the side effects of the various 
therapies. The side effects are often more unbear-
able than the disease itself, and can affect the physi-
cal and psychological well-being of these children. 
Corticosteroids have a well-recognized and broad 
toxicity profile, especially when used in repeated 
courses to treat relapses or when used for long pe-
riods of time. Chemotherapeutic agents such as 
cyclophosphamide and chlorambucil have well-es-
tablished efficacy in these settings. However, in our 
practice, we face significant resistance from families 
when these are offered as alternative therapies despite 
reassurance of the high efficacy and relative safety 
associated with the use of these agents. Additionally, 
repeated courses of therapy, where toxic cumula-
tive doses are likely to be exceeded, are generally 
not recommended. CSA, while very effective in this 
subgroup of patients, has significant nephrotoxicty 
and cosmetic side effects.15-20 In addition, CSA de-
pendence is a well-recognized feature in a signifi-
cant proportion of these patients, with tendency for 
relapse after stopping the drug.21,22 Therefore, we 
among others, tend to use CSA only when all other 
therapies have failed.

In this uncontrolled, retrospective, single-center 
study, MMF-treated patients had a significant reduc-
tion in the number of relapses from a mean of 4.7 
to a mean of 1 relapse/patient/year (P=0.0001), and 
in the majority of patients, steroids were completely 
and successfully withdrawn indicating that MMF 
may play a role in alleviating steroid dependence. 
Furthermore, there was an almost 5-fold reduction in 
the relative risk of relapse in MMF-treated patients 
(P=0.0002), despite the small number of patients in 
our study. Our observations are consistent with those 
of Barletta et al.11 In their series of 14 patients, 4 pa-
tients were steroid-dependent, all previously treated 
with CYC, and there was a trend for reduction in 
the number of relapses in the year on MMF therapy 
compared with the year before MMF, from a mean 
of 4.25±0.63 relapses to a mean of 1.75±0.48 re-
lapses. However, due to the small number of patients, 
the difference did not reach statistical significance 
(P=0.06). Interestingly, using MMF in CSA-depen-
dent patients, the authors also reported a reduction in 
the relapse rate in 8 of 10 other patients (5 were ste-
roid-resistant, and 5 were steroid-dependent), with 
5 patients weaned off steroids and CSA completely 
within 1 to 2 years of starting MMF therapy. For the 
14 patients combined, there was a significant reduc-
tion in the mean number of relapses from 2.85±0.4 
in the year preceding MMF therapy to a mean of 
1.07±0.3 relapses (P<0.01). Although our results are 
mostly consistent with those of Barletta et al, our 

Table 1. Individual patient characteristics and outcome

Patient Age (years) 
at diagnosis 

of NS

Age (years) 
at start of 

MMF

Category  
SD/FR

Biopsy Other 
treatment 

before MMF

Time on 
MMF 

(months)

Time off 
Prednisone 

(months)

Average # 
of relapses/
year before 

MMF

Average # 
of relapses/

year after 
MMF

1 2.3 04.5 SD+FR No LEV 08 4 4.0 0.0

2 2.5 05.0 SD No None 20 15 4.0 0.7

3 2.7 07.0 SD MesPGN None 18 Still on 5.0 3.3

4 8.5 10.0 SD+FR MesPGN None 12 6 5.0 2.0

5 2.0 09.0 SD No None 24 12 4.7 0.0

6 1.1 02.9 FR MesPGN None 12 6 5.0 0.0

7 2.7 05.0 SD+FR MesPGN LEV+CYC+CSA 12 9 2.4 0.0

8 3 05.5 SD+FR MesPGN CYC 12 8 6.0 1.0

9 2.8 04.0 SD+FR MesPGN+IgM None 08 0 4.0 4.5  
(3 in 8 mos)

10 3.3 09.0 SD No None 04 2 6.0 0.0

11 2.5 02.9 SD MesPGN None 04 on 5 mg 
QOD

6.0 
(2 in 4 mos)

0

SD=steroid-dependent, FR=frequent relapser, MesPGN=mesangial proliferative glomerulonephritis, LEV=levamisole, 
CYC=cyclphosphamide, CSA=cyclosporine, MMF=mycophenolate mofetil, QOD=every other day
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patients represent a more homogenous group, which 
allows for better interpretation of the results. Our 
data is also in keeping with data reported by Bagga 
et al.23 The authors reported a significant reduction in 
the mean relapse rate in children with steroid-depen-
dent nephrotic syndrome, from 6.6 (95% confidence 
interval, 5.4-7.7) to 2 (95% CI, 1.2-2.7) episodes/year 
with MMF therapy for 12 months (P<0.0001). The 
majority of their patients (73.7%) had at least a 50% 
reduction in relapse frequency. In that prospective, 
uncontrolled trial of 19 patients with SDNS who 
were previously treated with long-term steroids (19 
patients), LEV (16 patients) and CYC (15 patients), 
they were also able to demonstrate the steroid-spar-
ing effect of MMF, with a reduction in the mean 
prednisolone dose from 0.7 mg/kg/day (95% CI, 0.6-
0.8) to 0.3 mg/kg/day (95% CI, 0.2-0.4) (P<0.0001). 
We were unable to calculate the steroid dose accu-
rately in our patients, but in 8 of 9 patients who re-
sponded favorably to MMF, steroids were completely 
withdrawn, and in 1 patient (patient 11) the dose was 
reduced to 5 mg (0.25 mg/kg/dose) of prednisone 
every other day at the last follow up 4 months af-
ter starting MMF therapy, compared with the lowest 
dose of 20 mg every other day (1 mg/kg/dose), which 
was associated with relapse on two successive occa-
sions of steroid tapering trials before MMF therapy. 
Another observation by Bagga et al23 was the high 
rate of relapse (68.4%) after stopping MMF, with 
recurrence of steroid dependence. We have observed 
two relapses in 2 patients within 4 months of stop-
ping MMF (patients 2 and 8). In these 2 patients 
MMF was restarted and they had no further relapses. 
These 2 patients were among the earliest patients 
treated with MMF, and their relapses after stopping 
MMF may have influenced the decision to extend 
duration of therapy to more than 6 months in the 
remaining patients. The question of whether MMF-
treated patients develop drug dependence, as is the 
case with CSA, could not be answered in our study, 
although data from the study by Bagga et al suggests 
that may be the case. Similar to the results by Bagga 
et al, in a prospective multi-center clinical trial of 
MMF in FR nephrotic children, Hogg et al recently 
reported the benefit of using of MMF in children 
with FRNS. However, they also reported a 71% re-
lapse rate (17 of 24 patients) after stopping MMF 

therapy,24 suggesting that longer duration of therapy 
may be required to maintain a state of remission.

In addition to alleviating steroid dependence, re-
cent reports indicate a potential role for MMF in 
decreasing CSA dependence as well. Gellermann et 
al25 used MMF in 7 children with steroid-resistant 
nephrotic syndrome receiving CSA therapy with evi-
dence of CSA nephrotoxicity. In 5 of 6 patients with 
minimal change disease, CSA was discontinued, 
resulting in normalization of glomerular filtration 
rate and effective renal plasma flow after discontinu-
ation of CSA. Furthermore, all 5 patients remained 
relapse-free after stopping CSA. In one patient with 
focal and segmental glomerulosclerosis, MMF suc-
cessfully induced remission in a treatment resistant 
relapse episode, with subsequent reduction in CSA 
dose and trough levels, resulting in improvement in 
serum creatinine and sustained remission up to 28 
months after starting MMF and low-dose CSA.

As expected, in our study the renal function as 
measured by serum creatinine was not affected. 
Gastrointestinal, and infectious side effects normally 
reported with the use of MMF in renal transplant 
patients26,27 were only minor and observed in 3 pa-
tients, 2 had occasional and mild abdominal pain 
that resolved spontaneously, and 1 had herpetic sto-
matitis. Hematological adverse effects were not ob-
served in any of our patients.

In summary, our study suggests that MMF is 
safe and effective in treating children with SDNS 
or FRNS. The major advantages of MMF are the 
ability to withdraw or reduce steroids and alleviate 
steroid dependence. MMF has relatively mild side 
effects compared with other agents, most impor-
tantly, the lack of nephrotoxicity, and as a few studies 
suggest, the ability to decrease the CSA requirement 
and/or dependence. Based on the findings from our 
study, which are also supported by other studies, we 
propose that MMF may be considered as an alterna-
tive, and perhaps as the first alternative after steroids, 
in the treatment of nephrotic patients with SDNS or 
FRNS. Further confirmation of these results, how-
ever, is still required through large, controlled, ran-
domized clinical trials. The optimal dosing regimen 
and length of therapy, and the need for therapeutic 
drug monitoring in these patients are issues that still 
need further study and clarification.



Ann Saudi Med 25(5) September-October 2005 www.kfshrc.edu.sa/annals384

Mycophenolate Mofetil in nephrotic syndroMe

References
1. Koskimies O, Vilska J, Rapola J, Hallman N. 
Long-term outcome of primary nephrotic syn-
drome. Arch Dis Child. 1982;57:544-548.
2. Tarshish P, Tobin JN, Bernstein J, Edelmann 
CMJ. Prognostic significance of the early course 
of minimal change nephrotic syndrome: Report of 
the International Study of Kidney Disease in Chil-
dren. J Am Soc Nephrol. 1997;8:769-776.
3. Durkan AM, Hodson EM, Willis NA, Craig JC. 
Immunosuppressive agents in chidhood nephrotic 
syndrome: A meta-analysis of randomized con-
trolled trials. Kidney Int. 2001;59:1919-1927.
4. Ettenger R, Cohen A, Nast C, Moulton L, Marik 
J, Gales B. Mycophenolate mofetil as maintenance 
immunosuppression in pediatric renal transplanta-
tion. Transplant Proc. 1997;29:340-341.
5. Kapitsinou PP, Boletis JN, Skopouli FN, Boki 
KA, Moutsopoulos HM. Lupus nephritis: treatment 
with mycophenoalte mofetil. Rheumatology Ox-
ford. 2004;43:377-380.
6. Boumpas DT. Sequential therapies with intra-
venous cyclophosphamide and oral mycopheno-
late mofetil or azathioprine are efficacious and 
safe in proliferative lupus nephritis. Clin Exp Rheu-
matol. 2004;22:276-277.
7. Ding L, Zhao M, Zou W, Liu Y, Wang H. Myco-
phenolate mofetil combined with prednisone for dif-
fuse proliferative nephritis. Lupus. 2004;13:113-118.
8. Day CJ, Cockwell P, Lipkin GW, Savage CO, 
Howie AJ, Adu D. Mycophenolate mofetil in the 
treatment of resistant idiopathic nephrotic syn-
drome. Nephrol Dial Transplt. 2002;17:2011-2013.
9. Montané B, Abitbol C, Chander J, Strauss J, 
Zilleruelo G. Novel therapy of focal glomerulio-
sclerosis with mycophenolate mofetil and angio-
tensin blockade. Pediatr Nephrol. 2003;18:772-777.

10. Kveder R. Therapy-resistant focal and seg-
mental glomerulosclerosis. Nephrol Dial Trans-
plant. 18 suppl 5 2003;v34-v37.
11. Barletta G, Smoyer WE, Bunchman TE, Flynn 
JT, Kershaw DB. Use of mycophenolate mofetil in 
steroid-dependent and -resistant nephrotic syn-
drome. Pediatr Nephrol. 2003;18:833-837.
12. Choi MJ, Eustace JA, Gimenez LF, Atta MG, 
Scheel PJ, Sothinathan R, Briggs WA. Mycophe-
nolate mofetil treatment for primary glomerular 
diseases. Kidney Int. 2002;61:1098-1114.
13. Cattran DC. Mycophenolate mofetil and cy-
closporine therapy in membranous nephropathy. 
Semin Nephrol. 2003;23:272-277.
14. Miller G, Zimmerman R 3rd, Radhakrishnan J, 
Appel G. Use of mycophenolate mofetil in resis-
tant membranous nephropathy. Am J Kidney Dis. 
2000;36:250-256.
15. Inoue Y, Iijima K, Nakamura H, Yoshikawa N. 
Two-year cyclosporin treatment in children with 
steroid-dependent nephrotic syndrome. Pediatr 
Nephrol. 1999;13:33-38.
16. Singh A, Tejani C, Tejani A. One-center experi-
ence with cyclosporine in refractory nephrotic syn-
drome in children. Pediatr Nephrol. 1999;13:26-32.
17. Hamed RM. Treatment of idiopathic ne-
phrotic syndrome with cyclosporin A in children. 
J Nephrol. 1997;10:266-270.
18. Niaudet P, Habib R. Cyclosporine in the treat-
ment of idiopathic nephrosis. J Am Soc of Nephrol. 
1994;5:1049-1056.
19. Ingulli E, Singh A, Baqi N, Ahmad H, Moazami S, 
Tejani A. Aggressive, long-term cyclosporine thera-
py for steroid-resistant focal segmental glomerulo-
sclerosis. J Am Soc of Nephrol. 1995;5:1820- 1825.
20. Iijima K, Hamahira K, Tanaka R, Kobayashi A, 

Nozu K, Nakamura H, Yoshikawa N. Risk factors 
for cyclosporine-induced tubulointerstitial lesions 
in children with minimal change nephrotic syn-
drome. Kidney Int. 2002;61:1801-1805.
21. Ponticelli C, Edefonti A, Ghio L, Rizzoni G, Rin-
aldi S, Gusmano R, Lama G, Zacchello G, Confa-
lonieri R, Altieri P et al. Cyclosporin versus cyclo-
phosphamide for patients with steroid-dependent 
and frequently relapsing idiopathic nephrotic syn-
drome: a multicentre randomized controlled trial. 
Nephrol Dial Transplant. 1993;8:1326-1332.
22. Hymes LC. Steroid-resistant, cyclosporine-re-
sponsive, relapsing nephrotic syndrome. Pediatr 
Nephrol. 1995;9:137-139.
23. Bagga A, Hari P, Moudgil A, Jordan SC. My-
cophenolate mofetil and prednisolone therapy in 
children with steroid-dependent nephrotic syn-
drome. Am J Kidney Dis. 2003;42:1114-1120.
24. Hogg RJ, Fitzgibbons L, Bruick J, Ault B, Baqi 
N, Trachtman H, Swinford R, on behalf of the 
Southwest Pediatric Nephrology Group. Clinical 
trial of mycophenolate mofetil (MMF) for frequent 
relapsing nephrotic syndrome in children. Pediatr 
Nephrol. 2004;19:C66 [abstract OFC 18].
25. Gellermann J, Querfeld U. Frequently relapsing 
nephrotic syndrome: treatment with mycopheno-
late mofetil. Pediatr Nephrol. 19:101-104.
26. Jacqz-Aigrain E, Khan Shaghaghi E, Baudouin 
V, Popon M, Zhang D, Maisin A, Loirat C. Pharma-
cokinetics and tolerance of mycophenolate mofetil 
in renal transplant children. Pediatr Nephrol. 
2000;14:95-99.
27. Ettenger RB. New immunosuppressive agents 
in pediatric renal transplantation. Transplant Proc. 
1998;30:1956-1958.


