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Abstract
Studies investigating the effect of rituximab in children with nephrotic syndrome (NS) due to 
focal segmental glomerulosclerosis (FSGS) have reported conflicting results, with some con-
cluding that patients may require additional immunosuppressive therapy to achieve and/or 
maintain long-term remission. We report successful treatment of pediatric FSGS with rituximab 
infusions, followed by maintenance immunosuppression with mycophenolic acid (MPA) and 
a calcineurin inhibitor (CNI) in 1 patient with refractory steroid-resistant NS (SRNS), and 
one with frequently relapsing NS (FRNS). Case 1 is a patient with refractory SRNS due to FSGS. 
MPA and tacrolimus induced complete remission within 6 months following rituximab treat-
ment. Remission was maintained for over 2 years, and the patient’s kidney function and body 
height also returned to normal ranges within this time. Case 2 is a patient with FRNS due to 
FSGS, who was treated with rituximab followed by MPA and cyclosporine, which successfully 
prevented relapses for 18 months, that is, at the end point of the observation. Our case report 
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demonstrates that rituximab and a combination of CNIs and MPA can be effective in achiev-
ing complete remission in pediatric refractory SRNS and sustaining remission in pediatric 
FSGS with FRNS and SRNS for several years. This treatment regimen has the advantage of 
eliminating the need for long-term high-dose steroid treatments, allowing 1 patient to achieve 
normal growth and recover from other adverse steroid effects.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Idiopathic nephrotic syndrome (NS) in children is one of the leading causes of end-stage 
kidney disease, both in Indonesia and worldwide [1–5]. Focal segmental glomerulosclerosis 
(FSGS) is a histopathologic lesion identified as a consolidation and accumulation of extracel-
lular matrix in a segment or subset of glomeruli and often presents as a severe steroid-resistant 
NS (SRNS) [6, 7]. Rituximab has emerged as a potential treatment for treatment-resistant NS 
[8, 9]. To date, studies on the effect of rituximab in children with NS resulting from FSGS have 
yielded conflicting results [8–11]. In this paper, we report successful treatment of pediatric 
FSGS with rituximab, followed by immunosuppression in a case of SRNS who was refractory 
to mycophenolate mofetil (MMF), cyclosporine (CyA), and cyclophosphamide (CPA), and 
a case of frequently relapsing NS (FRNS).

Case Presentation

Case 1
A 14-month-old boy presented to a remote hospital in Indonesia with generalized edema. 

He was initially diagnosed with steroid-sensitive NS and went into remission following initial 
treatment with full-dose methylprednisolone (48 mg/m2). Treatment was subsequently 
continued with 4 weeks of alternate-day methylprednisolone (32 mg/m2). He relapsed 2 months 
later and, failing to achieve remission with another full dose of oral methylprednisolone, 
developed secondary steroid resistance at the age of 20 months. Moon face, striae, and growth 
retardation were observed following the steroid treatment. He was then treated with MMF, CyA, 
and CPA, while methylprednisolone was tapered. Unfortunately, the proteinuria persisted 
(Fig. 1a, b), and he was subsequently referred to a tertiary hospital in Jakarta.

Laboratory examination revealed nephrotic proteinuria and diminished kidney function 
(estimated glomerular filtration rate [eGFR] 39 mL/min per 1.73 m2) suggesting CKD stage 3b 
(Table 1; Fig. 1a, b). Kidney biopsy showed evidence of FSGS with chronic changes, including 
global glomerulosclerosis in 7/58 glomeruli, and moderate interstitial fibrosis (Fig. 2a–c). 
Steroid treatment was discontinued due to adverse effects, and oral mycophenolic acid (MPA) 
was commenced. Rituximab was also administered, due to the persistent proteinuria and 
deterioration of kidney function. Two doses of rituximab (750 mg/m2) were given with an 
interval of 14 days. Peripheral blood B cells (CD19+) absolute count (67 × 109/L) and serum 
IgG (2.41 g/L) and IgM (0.31 g/L) were reduced following rituximab treatment. However, as 
proteinuria did not improve 1 month following rituximab therapy, tacrolimus was subsequently 
added. The patient’s kidney function gradually improved, despite episodes of acute decreases 
in kidney function requiring tacrolimus dosage adjustments (Fig. 1a, b). He was maintained 
on a low dose of tacrolimus and optimal dose of MPA and achieved complete remission 6 months 
after rituximab. After 2 years without relapse, tacrolimus was discontinued. No side effects 
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were noted from rituximab. His kidney function normalized 28 months after rituximab 
and was maintained within normal range until the end of follow-up. Within 1 year of 
rituximab treatment, normal height was attained (Fig. 1b), and the moon face appearance 
resolved.

a

b

c

d

Fig. 1. a Timeline of case 1. AD, alternate day; BD, bi-daily; BSA, body surface area; BW, body weight; CKD, 
chronic kidney disease; CPA, cyclophosphamide; CyA, cyclosporine; eGFR, estimated glomerular filtration rate; 
FSGS, focal segmental glomerulosclerosis; IV, intravenous; MMF, mycophenolate mofetil; MPA, mycophenolic 
acid; OD, once a day; PO, per orem; SRNS, steroid-resistant nephrotic syndrome; XL, extended-release. b Course 
of disease and treatment of case 1. CKD, chronic kidney disease; CPA, cyclophosphamide; eGFR, estimated 
glomerular filtration rate; FSGS, focal segmental glomerulosclerosis; MMF, mycophenolate mofetil; RTX, 
rituximab; SRNS, steroid-resistant nephrotic syndrome. c Timeline of case 2. AD, alternate day; AZM, azithro-
mycin; BD, bi-daily; BSA, body surface area; BW, body weight; CyA, cyclosporine; FRNS, frequently relapsing 
nephrotic syndrome; FSGS, focal segmental glomerulosclerosis; IV, intravenous; MPA, mycophenolic acid; 
PO, per orem; OD, once a day; SSNS, steroid-sensitive nephrotic syndrome. d Course of disease and treatment 
of case 2. AZM, azithromycin; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; FRNS, 
frequently relapsing nephrotic syndrome; FSGS, focal segmental glomerulosclerosis; RTX, rituximab.
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Case 2
A 14-year-old girl was admitted to our hospital following a second relapse of NS. She first 

presented 6 months before admission with palpebral edema and was diagnosed with idio-
pathic NS. She achieved remission following treatment with full-dose oral prednisone and 
was categorized as steroid-sensitive NS but relapsed 1 month following completion of steroid 
therapy. She went into remission within 1 month after the relapse. However, within less than 
4 months, she developed another relapse and was recategorized as FRNS (Fig. 1c).

On examination, she had a moon face appearance due to the steroids and short stature 
consistent with her genetic potential. Laboratory results confirmed hypoalbuminemia, 
hypercholesterolemia, and massive proteinuria (Table 2). Histopathology demonstrated 
FSGS with very minimal interstitial fibrosis (Fig. 3a, b). She was treated with oral prednisone 
60 mg/m2 once daily for 6 weeks, followed by 40 mg/m2, 30 mg/m2, and 20 mg/m2 
alternate-day prednisone for 4 weeks each. She attained remission at the 5th week of full-
dose prednisone (Fig. 1c, d). Oral CyA was added, while the prednisone was tapered, but 
this caused hirsutism and increased serum creatinine levels. Subsequent dose reduction 
of CyA resulted in a relapse. Another full dose of prednisone was given and resulted in 
remission, and oral azithromycin (AZM) was introduced for maintenance. Due to emerging 
side effects of prednisone (arthralgia and moon face), she was switched to methylpred-
nisolone instead. The patient subsequently suffered another relapse on the alternate-
day methylprednisolone and AZM regimen, and a course of full dose prednisolone was 
commenced. Once her proteinuria ceased, two rituximab infusions (750 mg/m2) were 
administered with a 14-day interval. Oral MPA was initiated a week following the second 
rituximab infusion (Fig. 1c, d). Lymphocyte subset analysis at 1 week after each infusion 

Table 1. Laboratory results of case 1

Parameter Units Normal value Results
first presentation 2 years after 

rituximab
Blood test
 Albumin g/L 36–52 12 46
 Creatinine µmol/L 44.2–97.2 81.3 50.4
 eGFR (new Schwartz) mL/min per 1.73 m2 ≥90 40 81.9
 Total cholesterol mmol/L 2.66–4.76 9.90 4.55
 HDL mmol/L 0.67–1.76 2.38 1.50
 LDL mmol/L <2.59 5.14 2.38
 Triglycerides mmol/L 0.34–1.24 8.07 1.21
 B cell (CD19+) absolute count 109/L 0.10–0.43 0.07 0.56
 IgA g/L 0.35–2 1.16 1.33
 IgG g/L 4.2–12 3.29 7.96
 IgM g/L 0.45–2 0.59 0.46
 C3 g/L 0.9–2.07 1.95 1.06
 Tacrolimus level nmol/L 6.2–18.6 N/A <1.86
Urine test
 Protein creatinine ratio mg/mg <0.2 40.03 0.2

The bold values are the abnormal results. eGFR, estimated glomerular filtration rate; HDL, high-density 
lipoprotein; LDL, low-density lipoprotein.
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demonstrated a reduction in B cell (CD19+) absolute count to 0 cells/µL. Seven months 
after rituximab, the patient had not experienced any associated side effects and was 
negative for proteinuria on oral CyA and MPA (Fig. 1c; Table 2). We attempted to increase the 
dose of MPA to discontinue CyA; however, leukopenia was subsequently noted (2.1 × 109/L). 
CyA was therefore continued at a sufficient dose for maintenance; however, the patient 
developed gingival hyperplasia requiring CyA discontinuation. She was then maintained 
with low dose of MPA until the last follow-up (Fig. 1c, d).

a

b

c

Fig. 2. a Histopathologic findings of case 1. 
Two of the nine glomeruli showing partial 
sclerosis (black arrows), out of a total of 58 
glomeruli identified at all levels (Masson’s 
trichrome, ×400 magnification). Thickening 
of Bowman’s capsule can also be seen (orange 
arrows). b Histopathologic findings of case 1. 
Interstitial infiltration of mononuclear in-
flammatory cells (black arrow, H&E, ×400 
magnification). c Histopathologic findings of 
case 1. Geographical fibrosis is also present 
(Silver trichrome, ×100 magnification).
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Discussion/Conclusion

Some studies have suggested that rituximab is effective for treatment of FSGS in children 
[8, 9]. For FRNS and steroid-dependent NS (SDNS), Ruggenenti et al. [9] concluded that 
rituximab reduces the risk of recurrence and the number of immunosuppressive agents 
required in children with FSGS. Zachwieja et al. [12] reported the efficacy of rituximab in 
steroid-resistant FSGS patients and found that it was effective in inducing and maintaining 
remission. In a recent review, Kamei et al. [13] concluded that 41.5% of refractory pediatric 
SRNS patients who received rituximab achieved FSGS remission. Conversely, the single 
series reported by Sinha et al. [8] found a remission rate of only 19.5% in children with 
SRNS and FSGS given rituximab. Moreover, a randomized controlled trial showed that 
rituximab did not reduce proteinuria after 3 months in children with steroid-resistant idio-
pathic NS [10].

The underlying mechanism by which rituximab, MMF, and calcineurin inhibitors (CNIs) 
induce and maintain remission in FSGS remains unclear, although depletion of B cells and 
circulating autoantibodies have been suggested [14]. Rituximab may also preserve the expression 
of sphingomyelin phosphodiesterase acid-like 3B (SMPDL-3b) in podocytes, which prevents 
podocyte apoptosis and disruption of the actin cytoskeleton that could result in podocyte 
injury and proteinuria [15]. Similarly, CNIs have a protective effect on the actin cytoskeleton 
of podocytes, which could reduce proteinuria [15]. MMF may also contribute to the depletion 
of immune cells by inhibiting T and B cell proliferation [16].

Dosage is an important factor affecting clinical response to rituximab in FSGS, but no 
internationally standardized dosage is available to date. A range of doses have been used in 
recent studies, including a single dose of 375 mg/m2, two doses of 375 mg/m2 with a 14-day 
interval, four doses of 375 mg/m2 per week, and two doses of 750 mg/m2 per week. In children 
with difficult-to-treat NS receiving 2–4 doses of 375 mg/m2, remission was achieved in only 
19.5% of steroid-resistant cases [8]. Another study comparing rituximab doses of 100 mg/m2, 
375 mg/m2, and 750 mg/m2 in FRNS and SDNS patients found that a lower dose of 100 mg/m2 
was associated with a shorter B cell depletion period, increasing the risk of relapses [17]. We 
therefore believe that rituximab (two doses of 750 mg/m2 separated by a 14-day interval), 

Table 2. Laboratory results of case 2

Parameter Units Normal value Results
first presentation 18 months after 

rituximab
Blood test
 Albumin g/L 36–52 9 36
 Creatinine µmol/L 44.20–97.24 44.2 53.04
 eGFR (new Schwartz) mL/min per 1.73 m2 ≥90 117 100.5
 Total cholesterol mmol/L 2.66–4.76 16.14 5.59
 IgA g/L 0.35–2 1.72 1.47
 IgG g/L 4.20–12 10.51 10.28
 IgM g/L 0.45–2 1.72 1.46
 C3 mg/Dl 0.90–2.07 0.97 1.03
Urine test
 Protein creatinine ratio mg/mg <0.2 1.34 <0.1

The bold values are the abnormal results. eGFR, estimated glomerular filtration rate.
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followed by immunosuppressive agents (CNI and MPA) may successfully induce remission 
in refractory SRNS children with FSGS and prolong remission in FRNS children with FSGS.

Both cases in this report responded positively to rituximab therapy with concomitant 
maintenance immunosuppression. Rituximab followed by long-term use of tacrolimus 
and MPA in case 1 induced remission within 6 months and prevented relapses for 2 years 
(Fig. 1a). Moreover, case 2 remained proteinuria-negative for 2 years following rituximab 
(Fig. 1c). Some studies have recommended repeated administration of rituximab when 
the B cell count recovers or the patient relapses [18–20]. Kim et al. [19] reported that the 
mean interval to relapse requiring a repeat dose of rituximab was 5.9 ± 0.5 months. 
However, as the remission achieved in our cases was likely due to the positive effects of 
oral immunosuppressive maintenance medications, repeated doses of rituximab were not 
required.

Researchers have reported variation in the average time required for reduction in 
proteinuria in SRNS children receiving rituximab and CNIs, with a median time of 6 months 
following rituximab infusions [21]. In contrast, children with SRNS treated with tacrolimus 
have shown improvement earlier, with a reduction in the urine protein to creatinine ratio 
achieved within 27 days of tacrolimus initiation [22]. Additionally, overall remission rate was 
reported to be as high as 94.7% in the first month of tacrolimus treatment [23]. Case 1 achieved 
remission within 6 months following rituximab infusions; however, this was also 1 month 
after tacrolimus initiation. The patient remained free of relapses for 2 years on low-dose 
tacrolimus. It is therefore uncertain whether the relapse-free period resulted from rituximab 
treatment or commencement of tacrolimus.

a

b

Fig. 3. a Histopathologic findings of case 2. 
A small area of hyalinization in one glomerulus 
(orange arrow) and adhesion of glomerular 
tuft to the tubular pole (yellow arrow) can also 
be seen (Masson’s trichrome; ×400). These 
features represent early focal segmental glo-
merulosclerosis. b Histopathologic findings of 
case 2. There is a subtle adhesion of the glom-
erulus to Bowman’s capsule near the tubular 
pole (green arrows), suggesting early segmen-
tal glomerulosclerosis (Silver trichrome, ×400 
magnification).
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Another factor contributing to the favorable clinical response of NS with FSGS was the 
use of immunosuppressive drugs following rituximab. Maintenance therapy after rituximab 
infusion is given in anticipation of unwanted B cell recovery that could lead to relapse. Chan 
et al. [24] investigated the relapse-free survival time of children with FRNS on different 
rituximab regimens, with or without maintenance immunosuppressant therapy. Their results 
showed that administration of maintenance immunosuppression led to similar relapse-free 
survival times between patients receiving low- and high-dose rituximab [24]. Furthermore, 
Suyama et al. [25] reported a case series of steroid-resistant FSGS treated with rituximab, 
followed by maintenance immunosuppression with low-dose CyA. The mean number of 
relapses 1 year after rituximab and CyA was significantly lower than before rituximab 
and CyA (0.7 ± 0.6 vs. 3.3 ± 3.6, p < 0.01). It is therefore clear that maintenance immunosup-
pression is beneficial following rituximab treatment in SRNS and FRNS with FSGS. However, 
there is no consensus on the choice of immunosuppressant(s) used for maintenance.

Ito et al. [26] conducted a prospective cohort study evaluating the effects of MMF following 
rituximab in children with refractory SDNS or FRNS. Compared to rituximab alone, mainte-
nance immunosuppression with MMF produced longer remission and reduced both the relapse 
rate and the required steroid dose. We used MPA to maintain remission due to its better 
gastrointestinal side-effect profile compared to MMF [27]. Use of CNIs as maintenance therapy 
following rituximab has previously been shown to prolong the relapse-free interval in steroid-
resistant FSGS [25]. Although the majority of studies utilize only one immunosuppressive 
drug following rituximab, we added tacrolimus in case 1 as heavy proteinuria continued 
1 month after rituximab, despite an optimal dose of MPA. In case 2, we maintained the dose 
of CyA given before rituximab and added a low dose of MPA to prevent relapses (Fig. 1c).

Our case management was constrained by delayed diagnosis due to limited biopsy facilities 
and pathology expertise – common problems in Indonesia [28, 29]. The patient in case 1 lives 
in a very remote area and therefore did not undergo a kidney biopsy after SRNS diagnosis. As a 
result, the kidney biopsy in case 1 showed greater disease progression than case 2 (Fig. 2a–c, 
3a, b). Case 1 was also treated with IV CPA, despite it no longer being recommended for the 
treatment of pediatric SRNS [3], as rituximab was unavailable at his local hospital.

Before commencing rituximab in case 2, AZM was given in conjunction with corticoste-
roids for 5 months. Randomized controlled trials have reported a significantly lower relapse 
rate in SDNS children treated with AZM and corticosteroids, compared with corticosteroids 
alone [30, 31]. Moreover, Hara and Hirano [32] reported that a 2-year-old boy with FRNS 
treated with AZM achieved a relapse-free period of 1 year. However, the use of AZM in case 2 
failed to prevent further relapses, and rituximab was therefore given.

A surprising aspect of our report was the improvement in kidney function following 
rituximab therapy in case 1. This patient had reduced kidney function prior to rituximab 
therapy and met the criteria for CKD G3 for 1 year (Fig. 1a, b). Studies have shown that 
reduction of protein loss through the glomerulus is associated with slower decline of kidney 
function and improved eGFR [33, 34]. In case 1, the improvement in eGFR could be due to 
reduction in proteinuria caused by gradual tapering of the tacrolimus dose, thus reversing its 
nephrotoxicity and allowing for recovery of kidney function (Fig. 1b) [35]. Moreover, the 
growth of the patient may have influenced the pharmacokinetics of tacrolimus, thus contrib-
uting to the improved eGFR [36].

Case 1 also highlighted another positive effect of achieving long-term remission with 
maintenance immunosuppression following rituximab, as steroids were no longer required 
to treat relapses. The patient, who was previously of abnormally short stature, was of normal 
height by the end of the observation period (Fig. 1b). Rituximab has previously been asso-
ciated with an improved height standard deviation score in children with difficult-to-
treat NS [8].
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The International Pediatric Nephrology Association (2020) suggested that immunosup-
pressive treatment with CNIs should be started immediately for SRNS cases in countries where 
genetic testing is not available. Genetic testing is also not recommended in SRNS patients with a 
history of steroid sensitivity [37]. For these reasons, genetic testing was not performed for case 1.

Our case report suggests that rituximab followed by maintenance immunosuppression is 
effective in treating pediatric NS with FSGS, not only to achieve complete remission in refractory 
SRNS but also to sustain long-term remission in both SRNS and FRNS. Use of two immunosup-
pressants following rituximab can maintain long-term positive outcomes and avoid the need for 
further doses of rituximab.
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