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Abstract

Idiopathic nephrotic syndrome (INS) is a common chronic illness characterized by massive pro-
teinuria and hypo-albuminemia in children. Baseline treatment is 6 month-corticotherapy. In cases of 
steroid resistant/dependent INS several types of treatment are used, including course of methylopred-
nisolone “pulses”, alkylating agents, cyclosporin A, levamisole and mycophenolate mofetil. It has been 
suggested that children with frequently relapsing nephrotic syndrome or steroid-dependent nephrotic 
syndrome had a significantly longer relapse-free period if rituximab (RTX) treatment was additional-
ly applied. We present a case of a 4.5 boy who due to steroid-sensitive, steroid-dependent nephrotic 
syndrome has been successfully treated with RTX. Administration of the one dose of Rituximab in the 
patient caused immediate decrease of CD19/CD20 positive B lymphocyte population. The depletion 
of B cells has been observed for the next six months. With regard to the fact that RTX treatment may 
affect patient’s immune response, comprehensive immunodiagnostic has been conducted in a course 
of the Therapy.
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Introduction
Nephrotic syndrome is multi-faceted, kidney affecting 

disease with unequivocal cause. It may be a primary kid-
ney specific disease or secondary renal manifestation of 
a systemic general illness. Idiopathic nephrotic syndrome 
(INS) is a syndrome resulting from excessive protein loss, 
manifesting itself through the development of oedema, 
proteinuria ≥ 300 mg/dl in a urine sample or > 50 mg/kg/d 
in 24-hour urine collection or referred to as protein/creati-
nine ratio ≥ 2000 mg/g in a urine sample with concomitant 
hypoalbuminemia ≤ 2,5 g/dl [1].

An increased permeability of the filtration membrane 
plays a significant role in the pathogenesis of INS. The 
permeability may depend on: the loss of a negative charge 
of the filtration membrane which impairs its selective 
properties; an impaired function of the subpopulations 
of Th1 and Th2 helper lymphocytes contributing to the 
production of a factor which increases the permeability 
of blood vessels, i.e. vascular endothelial growth factor 
(VEGF), vascular permeability factor (VPF) and an im-
paired function of B lymphocytes as demonstrated by an 
increased production of IL-4 and IL-13; the so called “two-
hit” mechanism linking the abnormal immune regulation 
as regards cellular and humoral response with the patholo-
gies of podocyte structure [2, 3].

Idiopathic nephrotic syndrome incidence is 1-3/100 
000/year in children under 16, but the relapsing character 
of the disease contributes to increasing the morbidity to 
16/100 000 [1]. First-line treatment in INS includes oral 
glucocorticosteroids – prednizon at a dose of 2 mg/kg/24 
h or 60 mg/m2/24 h. 

Idiopathic nephrotic syndrome classification is based 
on the response to implemented treatment with glucocor-
ticosteroids. Patients are divided into steroid-sensitive, 
steroid-dependent and steroid-resistant. Patients who 
achieve remission over 8 weeks of glucocorticosteroid 
treatment are classified as steroid-sensitive INS patients, 
patients with 2 subsequent relapses during down-titration 
or over 14 days following glucocorticosteroid discontinu-
ation – steroid-dependent INS, and patients not achieving 
remission over 8 weeks – steroid-resistant INS [1]. The 
disease is steroid-dependent in ca. 20-30% and steroid-re-
sistant in ca. 10% of patients [4]. Some patients experience 
a frequently relapsing form of the syndrome, i.e. with ≥ 2 
relapses of nephrotic syndrome over 6 months after initial 
remission or ≥ 4 relapses over 12 months. 

In order to achieve remission in patients with ste-
roid-resistant INS and to limit the undesirable effects of 
chronic corticotherapy in patients with steroid-dependent 
INS and/or frequently relapsing INS a number of immu-
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nosuppressive agents are used: cyclosporin A (CsA), cy-
clophosphamide, chlorambucil, mycophenolate mofetil [1].

Rituximab (RTX) is a chimeric monoclonal murine/hu-
man antibody, produced with genetic engineering methods, 
which is a glycosylated immunoglobulin including human 
IgG1 constant regions, murine light-chain and heavy-chain 
variable region sequences. The antibody is produced by 
mammalian cell suspension culture (Chinese hamster ova-
ry) and purified with affinity chromatography and ion ex-
change, including specific viral inactivation and removal 
procedures [5]. Rituximab is one of the most commonly 
used therapeutic chimeric antibodies. It was initially de-
signed and approved by FDA for the treatment of low-
grade non-Hodgkin’s B cell lymphomas. After a few years 
of limited therapy RTX started to be used in many cases 
of autoimmune diseases as off-label drug. The effective 
depletion of B lymphocytes seemed to be a promising 
approach in case of autoantibodies-dependent conditions. 
This monoclonal antibody is able to eradicate B cells pre-
cisely without the impact on the other leucocytes popu-
lations. The Fab region of RTX is able to recognize and 
bind to the four amino acid sequence of CD20 molecule. 
There is a few possible mechanism of the elimination of 
B cells coated by RTX antibody. The opsonized B lym-
phocytes may be directly removed from the circulation by 
phagocytosis in the reticulo-endothelial system, they can 
also be killed by the NK cells through antibody-dependent 
cellular cytotoxicity (ADCC) [6]. The RTX antibodies at-
tached to CD20 antigen of B cells trigger the complement 
activation what may lead to cells’ destruction. The other 
possible RTX mechanism of action bases on the induc-
tion of apoptosis which is reported to act through MAP 
kinase activation and p38 [7, 8]. All these mechanism may 
act collectively or individually depending on coexisting 
circumstances. However it should be taken under consid-
eration that RTX does not eradicate plasma cells responsi-
ble for antibodies production, because they do not express 
CD20 antigen. The effectiveness of the therapy bases on 
the limitation of the new B cells production and plasma 
cells formation [9, 10].

In Poland rituximab is currently registered in the treat-
ment of non-Hodgkin lymphomas, lymphoblastic leukae-
mia, rheumatoid arthritis, active granulomatosis with poly-
angiitis and microscopic polyangiitis [5]. 

Rituximab has been used worldwide in the treatment 
of children with steroid-dependent INS for over 10 years. 
Initially, solitary cases were described which referred to 
the effective treatment of steroid-dependent frequently re-
lapsing INS with rituximab [10, 11]. In subsequent years, 
several authors published case reports concerning bene-
ficial effects of rituximab treatment in children with ste-
roid-dependent and/or cyclosporin-dependent INS [8, 12-
16]. Randomized studies also confirmed the effectiveness 
of rituximab in this group of patients [17]. 

The effect and consequences of long-term rituximab 
administration and the quantity of doses still remains un-
specified. Ravani et al. described a group of 46 children 
with INS monitored for at least one year (6.3 ±4.1 year) 
treated with calcineurin inhibitors and prednisone. They 
were administered from 1 to 5 rituximab infusions during 
observation: median – 3 years (range 1-5). Oral medica-
tions were down-titrated and completely discontinued 
within 45 days. Rituximab was well tolerated. The prob-
ability of remission at 6 months was 48% after the first 
infusion and 37% after subsequent infusions. However, 
the probability of remission at 1 and 2 years was 20% and 
10%, respectively [16]. 

According to KDIGO (Kidney Disease Improving 
Global Outcomes) 2012 recommendations Rituximab may 
be used in steroid-dependent children who experience ad-
verse effects or the lack of immunosuppressive treatment 
effects (2C) [1].

Case history
We present a case of a boy aged 4.5 who suffers from 

steroid-sensitive steroid-dependent nephrotic syndrome. 
The first episode of nephrotic syndrome occurred at 13/12 
months of age, without microhaematuria. The renal func-
tion and blood pressure were normal. Tests for system-
ic diseases (ANA, ANCA, complement components C3 
and C4) were normal. Total IgE level was increased (245 
kU/l), specific IgE (food and inhalants test panel) was neg-
ative. The gestation, obstetric history and previous child’s 
development were normal. The history included quick-re-
solving rash following the consumption of citrus fruits. 
Family history was positive for steroid-sensitive nephrotic 
syndrome in the mother in childhood. She was treated with 
glucocorticosteroids. Currently, the mother has no hyper-
tension and her renal function is normal. 

Our patient had 4 episodes of nephrotic syndrome 
within 8 months since the onset of the disease. He was 
only treated with glucocorticosteroids. The image obtained 
via renal biopsy is similar to the one of minimal change 
disease. Cyclosporin A was introduced because of ste-
roid-dependence. The drug was administered at a dose of 
2 × 0.3 ml reaching the level of 130-92 ng/ml over 1 year 
and 4 months. During that period there were 6 subsequent 
episodes of the disease. The increase in the following fea-
tures of CsA toxicity were observed: gingival hyperplasia, 
excessive body hair, elevated levels of uric acid and re-
duced magnesium in biochemical tests, increasing features 
of glucocorticosteroid toxicity, steroid-induced obesity, 
knee valgosity, hypertension, glycosuria. After completing 
CsA treatment, Cyclophosphamide was introduced – the 
patient was administered 156 mg/kg/treatment. 3 subse-
quent episodes of nephrotic syndrome occurred during 
the treatment. CsA was introduced again and RTX was 
administered because of the occurrence of 2 subsequent 
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episodes of nephrotic syndrome (14.06.2016). Remission 
has been maintained for 9 months since administration. 
During that time CsA and glucocorticosteroids were dis-
continued. Blood pressure normalized and the boy lost 

5 kg and grew 6 cm taller (Fig. 1). Another episode of 
nephrotic syndrome occurred in March 2017. The boy was 
administered glucocorticosteroids at a dose of 60 mg/m2, 
and then 5 Solu-Medrol pulses. After the resolution of pro-

Table 1. The results of immunological test in the rituximab (RTX) therapy duration

Before 
the first 

RTX dose

2 days 
after the 

first RTX 
dose

2 weeks 
after the 
first RTX 

dose

1 month 
after the 

first RTX 
dose

2 months 
after the 

first RTX 
dose

4 months 
after the 

first RTX 
dose

7 months 
after the 
first RTX 

dose

Before 
the 

second 
RTX dose

1 week 
after the 
second 

RTX dose

1 month 
after the 
second 

RTX dose

IgG mg/dl
(438-1230)

433 373 385 390 455

WBC 10700 13580 6720 6600 4600 6340 9200 17930 26400 8600

CD19%/# 6.41/114 0.41/3.11 0.1/1.46 0.07/1.26 0.07./0.86 0.98/13.1 17.36/533 42.32/776 0.39/5.5 0.04/1.60

CD20%/# 6.41/114 0 0 0 0 1.1 17.3/531 40.9/750 0 0

Perforin % 21.4 31.9 26.2 33.4 31.4 23.5 23.4 11.6 24.7

CD4+Perf+ % 0.34 0 0.3 0.35 0 0 0.3 0 0

CD8+Perf+ % 5.9 4.7 13 18.3 10.5 12.5 13.9 10.5 20.3

NK%/# 25.97/461 34.08/262 30.25/431 23.59/415 32.84/433 26.64/282 17.6/562 11.85/218 23.67/329 12.32/478

CD56+Perf+ % 89.7 94.8 89.5 96.4 90.8 96.1 95.1 88.6 96

CD4%/# 26.65/473 30.93/238 24.82/ 26.51/466 27.15/358 39.8/528 32.5/984 20.34/373 35.06/488 30.46/1182

CD4%/# 35.98/639 30.31/233 36.3/516 43.74/769 31.24/412 31.29/415 23.01/697 21.72/399 34.56/481 52.81/2049

Fig. 1. Changes in physical appearance before and after rituximab treatment
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teinuria the second infusion of rituximab was administered 
(13.04.2017). The remission has been maintained since 
then. The outline of the treatment is presented in Fig. 2. 

With respect to the fact that RTX treatment has a great 
impact on the immune system and may extensively affect 
patient’s immune response, comprehensive immunodiagnos-
tic has been conducted in a course of the therapy. Besides 
the monitoring the number of CD19/CD20 B lymphocytes, 
T lymphocytes subpopulations CD4 and CD8 as well as NK 
cells have been evaluated. The percentage of NK cells as 
was above the referential values typical for the healthy in-
dividuals. A particular raise of NK cells has been observed 
shortly after RTX administration. It also seems to be inter-
esting that the invert CD4/CD8 ratio persisted through the 
duration of the treatment. We didn’t find any changes in the 
perforin expression in cytotoxic cells (Fig. 3).

Administration of the one dose of Rituximab in the pa-
tient caused immediate decrease of CD19/CD20 positive B 
lymphocyte population. The depletion of B cells has been 
observed for the next six months. In the sevenths month 
increase of CD19/CD20 lymphocytes was noticed for that 
reason subsequent dose of RTX was given. 

Although the RTX therapy seems to be very effective 
in case of patients with steroid-sensitive steroid-dependent 
nephrotic syndrome, disease relapses are frequent, difficult 
to predict and impossible to avoid. It has to be also taken 
into consideration that complete eradication of B lympho-
cytes in a long term distance, may affect patient’s immune 
response so that specific immunological tests are recom-
mended in the RTX therapy duration. 

The authors declare no conflict of interest.
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