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Introduction

 Minimal change disease (MCD) is a common pathological type of 
nephrotic syndrome, accounting for approximately 90% of idiopathic 
nephrotic syndrome in children 

 In adults, MCD represents about 10% - 15% of patients with 
idiopathic nephrotic syndrome .

 The main clinical manifestations of MCD include hypoalbuminemia, 
proteinuria, edema, and hyperlipidemia.

 The pathological characteristics are as follows: no glomerular 
lesions under light microscopy (or only mild mesangial 
proliferation); diffuse fusion of podocyte foot processes observed by 
electron microscopy, but no electron-dense deposits; negative 
immunofluorescence (or only low-intensity C3 and IgM deposits) .



Introduction

 KDIGO guidelines, the traditional treatment approach for MCD 
typically involves the administration of corticosteroids, specifically 
oral prednisone.

 Prednisone is commonly used as the initial therapy due to its anti-
inflammatory and immunosuppressive properties.

 The standard treatment protocol for MCD consists of an initial high-
dose phase, followed by a gradual tapering of the steroid dosage 
over several weeks.

 The high-dose phase aims to induce remission and reduce 
proteinuria. If there is a positive response to the initial treatment, a 
maintenance phase with a lower dose of prednisone is initiated to 
sustain remission and prevent relapse. 



Introduction

 In cases where MCD does not respond adequately to corticosteroids or if 
there is frequent relapse, additional therapies may be considered. 

 These alternative treatments may include immunosuppressive agents 
such as cyclophosphamide, calcineurin inhibitors (e.g., cyclosporine, 
tacrolimus), or mycophenolate mofetil .

 These medications target the immune system and help control the 
abnormal immune response that contributes to MCD.

 Rituximab (RTX) is a recombinant chimeric mouse/ human antibody 
targeting the CD20 antigen, which is a hydrophobic transmembrane 
protein present in normal and mature B lymphocytes .

 In 2002, there was the first report suggesting the use of RTX in patients 
with primary membranous nephropathy (remission rates ranging from 
57% to 89% in PMN).





Initial Treatment

 Therefore, the currently accepted induction regimen of 1 mg/kg per day 
(maximum 80 mg/d) or 2 mg/kg every other day (maximum 120 mg/d) 
for 16 weeks (minimum 4 weeks if remission is promptly achieved)

 Previous studies failed to show a significant benefit of intravenous 
methylprednisolone (20 mg/kg per day for 3 days) followed by reduced-
dose oral steroids (prednisone 0.5 mg/kg per day) versus full-dose oral 
steroids alone (prednisone 1 mg/kg per day).

 A reasonable compromise may be to taper prednisone by 5–10 mg/wk
after remission over 8 weeks for a total 24-week period of exposure to 
prednisone

Marina Vivarelli, Laura Massella, Barbara Ruggiero. Minimal Change Disease . Clin J Am Soc Nephrol
12: 332–345, February, 2017



Initial management of suspected minimal change 
disease



Mechanisms of therapies in minimal-change disease

Adv in Kidney Disease and Health 2024;31(4):267-274



Steroid-Resistant Forms

 10%–20% of cases of adult MCD are steroid resistant, defined as no 
response to 16 weeks of oral prednisone daily or alternate days, and in 
these patients a second renal biopsy may reveal FSGS. 

 Treatment of steroid-resistant MCD should follow KDIGO guidelines for 
steroid-resistant FSGS .

 Genetic forms are much rarer than in children, but should be 
investigated in young adults and in the presence of positive family 
history, particularly regarding ACTN4 mutations.

 The mainstay of therapy in these patients are calcineurin inhibitors, but 
cyclophosphamide, both oral and intravenous, has also been used and 
proved effective in some patients .

Marina Vivarelli, Laura Massella, Barbara Ruggiero. Minimal Change Disease . Clin J Am Soc Nephrol 12: 
332–345, February, 2017



Steroid-Resistant Forms

 An open-label trial comparing TAC versus intravenous cyclophosphamide 
showed an effective and more rapid induction of remission by TAC .

 MMF, chlorambucil, azathioprine, ACTH, and rituximab have been used 
only in the setting of small case series with variable results.

 The use of alkylating agents or calcineurin inhibitors in frequently 
relapsing NS or steroid-dependent NS is determined on the basis of 
clinical studies in children or small observational studies in adults. 

 In adults, cyclophosphamide was shown to be better than CsA in steroid 
dependent NS, and even more in frequently relapsing NS, in maintaining 
remission .

Marina Vivarelli, Laura Massella, Barbara Ruggiero. Minimal Change Disease . Clin J Am Soc Nephrol 12: 
332–345, February, 2017



Steroid-Resistant Forms

 In a randomized controlled trial by Ponticelli et al. on 75 adults and 
children with frequently relapsing NS and steroid-dependent NS (31 
were MCD), long-term outcome was better with cyclophosphamide 
versus CsA, with 63% patients maintaining remission after 2 years 
compared with 25% with CsA .

 On the other hand, adding CsA to steroids was found to induce 
remission more rapidly than steroids alone at first relapse .

 The optimal CsA dose is not established, however, KDIGO guidelines 
suggest a 3–5 mg/kg per day range on the basis of dosages used 
in these studies. 

 Some patients may relapse once CsA is discontinued.

Marina Vivarelli, Laura Massella, Barbara Ruggiero. Minimal Change Disease . Clin J Am Soc Nephrol 12: 
332–345, February, 2017



Steroid-Resistant Forms

 MMF use has been reported only in small patient cohorts, showing 
efficacy in about 60%–70% of patients.

 KDIGO guidelines suggest to use cyclophosphamide as a first-
line therapy for frequently relapsing NS or steroid-dependent NS, 
or alternatively CsA, to preserve fertility and MMF only in patients 
intolerant to the other drugs .

 Also, rituximab has proven to be effective in adults, and data from 
another frequent cause of nephrotic syndrome in adults, membranous 
nephropathy, in which rituximab is used as single agent, are encouraging 
even considering the long-term safety.

Marina Vivarelli, Laura Massella, Barbara Ruggiero. Minimal Change Disease . Clin J Am Soc Nephrol 12: 
332–345, February, 2017



Definitions on the basis of references and on the 
authors’ clinical experience

Marina Vivarelli, Laura Massella, Barbara Ruggiero. Minimal Change Disease . Clin J Am Soc Nephrol
12: 332–345, February, 2017



Therapy procedures for adults

Marina Vivarelli, Laura Massella, Barbara Ruggiero. Minimal Change Disease . Clin J Am Soc Nephrol 12: 332–
345, February, 2017



Rituximab in the Treatment of 
Adult Minimal Change Disease



Possible mechanisms of rituximab treatment in 
minimal change disease

 RTX has been increasingly used in adult MCD patients, especially in the 
treatment of refractory cases.

 Upon binding, RTX triggers a cytotoxic immune response against CD20-
positive cells. 

 Several possible mechanisms of RTX treatment in minimal change 
disease (MCD) have been suggested, including B cell depletion, 
indirect/direct effects on T cells, and direct effects on podocytes.

Yin Zheng, Hu Haofei and Wan Qijun. Mechanisms and Clinical Research Progress of Rituximab in the 

Treatment of Adult Minimal Change Disease. Journal of Clinical Nephrology 2023; 57-62. 



Possible mechanisms of rituximab treatment in 
minimal change disease

1. B Cell Depletion by RTX in the Treatment of MCD:

 Antibody-dependent cell-mediated cytotoxicity (ADCC)

 Complement-dependent cytotoxicity (CDC)

 Direct effects on abnormal B lymphocytes

2. Effects on T Lymphocytes(RTX blocks T cell co-stimulatory pathways in 
MCD, thereby modulating T cell function& regulate Treg cells (these 
cells may impact disease relapse in nephrotic syndrome)

3. Direct effects on podocytes(RTX can bind to sphingomyelin 
phosphodiesterase acid-like 3b (SMPDL-3b) on the surface of podocytes, 
regulating acid sphingomyelinase activity and preventing disruption 
of the actin cytoskeleton and podocyte apoptosis.

Yin Zheng, Hu Haofei and Wan Qijun. Mechanisms and Clinical Research Progress of Rituximab in the 

Treatment of Adult Minimal Change Disease. Journal of Clinical Nephrology 2023; 57-62. 















Rituximab in the treatment of adult frequently relapsing and steroid-dependent MCD 
(remission rates)

Ahsan Aslam,  Abbal Koirala. Review of the Role of Rituximab in the Management of Adult Minimal 

Change Disease and Immune-Mediated Focal and Segmental Glomerulosclerosis. Glomerular 

Disease 2023; 3:211–219.



Relapse rates of MCD studies with rituximab treatment

Ahsan Aslam,  Abbal Koirala. Review of the Role of Rituximab in the Management of Adult 

Minimal Change Disease and Immune-Mediated Focal and Segmental Glomerulosclerosis. 

Glomerular Disease 2023; 3:211–219.



Standard Dosing of RTX in MCD and FSGS

 There is no standard dosing for RTX.

 Most studies have used 375 mg/m2 /week for 1–4 weeks
(adopted from lymphoma dosing).

 Some studies have used 1 g 2 weeks apart. 

 We often use 1 g 2 weeks apart in patients with frequently 
relapsing and steroid-dependent nephrotic syndrome due to ease 
of administration in the outpatient setting. 



Other Anti-CD20 Antibodies in MCD and FSGS

 RTX has murine variable regions in light and heavy chains, but the Fc 
portion is humanized .

 Both ofatumumab and obinutuzumab are fully humanized mAbs, 
which reduces unintended immune responses against the therapies. 

 They all differ in their ability to eliminate CD20 B cells via different 
mechanisms (direct killing, antibody-dependant phagocytosis, 
complement-dependent cytotoxicity, and antibody dependent cell-
mediated cytotoxicity .

 RTX is known to bind to the long loop of the CD20 receptor, 
whereas ofatumumab binds to both short and long loops of CD20, 
causing prolonged B-cell depletion .

 Ofatumumab has been used to treat refractory membranous 
nephropathy .



Anti-CD20 Antibodies in MCD and FSGS

 Ravani et al. conducted a randomized controlled trial in children and 
adults (age 2–24) with steroid-dependent nephrotic syndrome. 

 The median age was 11; all were maintained in remission with 
corticosteroids and calcineurin inhibitors.

 The baseline characteristics were creatinine 0.5 mg/dL, albumin 4 
g/dL, UPCR 80 mg/d, and GFR 146 mL/min/ 1.73 m2 .

 One hundred forty patients were randomized to a single dose of 
ofatumumab (1,500 mg/1.73 m2 ) or RTX (375 mg/m2 ). 

 Steroids and CNI were withdrawn within 60 days of RTX and 
ofatumumab infusions.



Anti-CD20 Antibodies in MCD and FSGS

 The relapse rates at 12 months (51.4% vs. 52.8%) and 24 months 
(65.7% vs. 75.7%) were not different between RTX and ofatumumab.

 There was a trend toward earlier relapse with ofatumumab in patients 
less than 9 years of age.

 B-cell depletion was more prolonged with ofatumumab, and anti-RTX 
antibodies developed over time in the RTX group, but they had no 
bearing on the risk of relapse.



Anti-CD20 Antibodies in MCD and FSGS

 RTX has been used extensively in children and adults with 
frequently relapsing and steroid-dependent nephrotic syndrome. 

 Most of the evidence in adults is observational, and randomized 
controlled trials are lacking. Presently, favorable data regarding the 
role of RTX in steroid-resistant nephrotic syndrome is sparse.

 Although ofatumumab would cause prolonged B-cell depletion and 
is fully humanized, it is unclear if it is superior to RTX in preventing 
relapse of nephrotic syndrome.

 More studies are required to clarify the role of ofatumumab, so 
presently, ofatumumab is only used in cases of RTX allergy in 
nephrotic syndrome due to MCD and FSGS.



CONCLUSION

 MCD is a common pathological type of nephrotic syndrome in 
adults, and the exact mechanisms underlying its development are 
still not fully understood.

 The role of T lymphocytes in the pathogenesis of MCD is relatively 
clear, while the involvement of B lymphocytes in the onset and 
progression of MCD remains controversial. 

 Although RTX has been recommended in international and domestic 
guidelines for the treatment of adult MCD and has shown promising 
clinical results in patients with refractory adult MCD, the safety and 
efficacy of RTX still lack high-quality clinical evidence.

 Further research is needed to explore the pathogenesis of MCD and 
the basic and clinical aspects of RTX treatment for MCD.



CONCLUSION



CONCLUSION

 Glucocorticoids remain the mainstay of therapy, recent advances have 
provided important first steps toward determining the underlying 
mechanism of disease in some patients, which may in turn allow us to 
provide more targeted therapy in the future and, for now, may help 
guide the use of alternative therapies in cases of steroid dependence or 
frequently relapsing disease.
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