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Abstract

Background There seems to be a possible link between nephrotic syndrome (NS) and lymphoproliferative syndrome, but
it remains poorly understood.

Methods This multicentric and retrospective study focuses on children, who developed idiopathic NS and malignant or
benign proliferation between 2000 and 2021.

Results Eleven patients were included, with a median age of 4 years. Only one had a steroid-resistant nephrotic syndrome
(SRNS). The maintenance therapy before the proliferation was in majority tacrolimus or mycophenolate mofetil (MMF),
but three patients did not receive treatments. The proliferation was mainly a Hodgkin’s lymphoma (45%) or a lymphopro-
liferative disease (36%), in a median time after the NS of two years. Viruses were found in seven cases (EBV in five cases
and HHV-8 in two).

Conclusion The association between proliferative syndrome and idiopathic NS may not be fortuitous, possibly with a com-
mon lymphocytic disturbance. Genetic analyses could improve the comprehension of these manifestations in the future.
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Introduction

Nephrotic syndrome (NS) has been known to pediatric
nephrologists for several decades, but the pathophysiologi-
cal mechanism has yet to be elucidated. Current hypotheses
involve dysimmunity due to HLA system polymorphisms
and/or triggered by a cross-reaction after EBV infection [1].

Few articles in the literature describe cancers that occur in
patients with idiopathic NS. The rare cases described shared
no common features: fibroadenoma, seminoma, malignant
neuroma, and ovarian cancer [2, 3]. On the other hand, the
association between NS with minimal change disease (MCD)
and Hodgkin’s lymphoma has already been described in chil-
dren [4, 5]. Nephrotic syndrome is considered to be paraneo-
plastic and could occur in less than 1% of the cases of Hodg-
kin's lymphoma [4, 5]. The link between these two pathologies
remains poorly understood. Lymphocyte dysfunction could
lead to cytokine secretion that alters the permeability of the
glomerular basement membrane. It can be assumed that there
is a common genetic predisposition to lymphoproliferative
syndromes and NS in some children. In addition, EBV, which
is potentially oncogenic, is also implicated in NS [1, 6].

Our study consisted of investigating benign and malig-
nant proliferations that develop after the diagnosis of idi-
opathic NS. The aim of this study was to describe clinical
features, management, and outcomes of patients with NS
who presented a malignant or benign proliferation.

Methods

This is a multicenter retrospective observational cohort
study. The pediatricians of the French Society of Pediat-
ric Nephrology (SNP) were surveyed using a questionnaire
which included a data collection form to be completed.
There was no time limit for the period of inclusion.

We included patients younger than 18 years of age who
developed idiopathic NS and malignant or benign prolifera-
tion concomitantly with or subsequent to the NS. Patients
who had received a kidney transplant were excluded from
the study. We recorded demographic data, medical history,
and treatments received by the patients.

All patients diagnosed were treated according to the former
SNP protocol with prednisone 60 mg/m*/day for 4 weeks, fol-
lowed by prednisone 60 mg/m? every other day for 8 weeks,
and then by a reduction of 15 mg/m? every other day at
2-week intervals (total treatment duration 18 weeks) [7].

Steroid responsiveness was defined, according to the
French guidelines [7], as remission induced by oral prednisone
(60 mg/m? per day) over 4 weeks, followed by three meth-
ylprednisolone pulses of 1 g/1.73 m? every other day in the
case of persistent proteinuria by day 30. Conversely, steroid
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resistance was defined by persistent proteinuria after 4 weeks
of oral prednisone plus three methylprednisolone pulses.

The presence of EBV in tumors was examined by in situ
hybridization (EBER-1 probe) by PCR or by immunohisto-
chemistry with detection of latent viral proteins (LMP-1).
Detection of HHV8 RNA was made by PCR. It is unknown
whether other viruses have been tested.

Results

Eleven (11) patients from 6 French pediatric nephrology
centers (Toulouse, Bordeaux, Nantes, Paris Necker, Paris
Robert Debré, Strasbourg) met the inclusion criteria between
2000 and 2021. The incidence of NS was about 90 to 100
new patients per year in all the 6 participating centers. There-
fore, the estimated incidence of lymphoproliferation found
in this study could be around 5 per 1000 children with idi-
opathic NS per year. These patients developed NS between
the ages of 11 months and 16 years (median age 3 years, IQR
1-6). None of these patients have been reported previously.

Eight of 11 children underwent kidney biopsies that were
performed within one year of the diagnosis of NS except
for two, which were respectively performed 43 months and
53 months after diagnosis. The kidney histology showed
MCD in 6/7 and focal segmental glomerulosclerosis (FSGS)
in 1/7. Patient characteristics are presented in Table 1.

The patients had no personal history of immune or onco-
logical disease. Only one patient had a family history of a sister
with Sjogren’s syndrome. Few patients developed dysimmuni-
ties after the diagnosis of NS. One patient developed hyperthy-
roidism, and one developed hypogammaglobulinemia which
required supplementation following rituximab therapy. Only one
patient had a severe herpetic stomatitis 1 month before develop-
ing EBV-related lymphoproliferative syndrome (Table 2).

For 3 patients (27%), the diagnoses of NS and lymphopro-
liferative syndrome were almost simultaneous. Steroid-
sensitive nephrotic syndrome (SSNS) and Hodgkin’s lym-
phoma were diagnosed at the same time and 2 months apart
respectively in a 15-year-old male (patient 6) and a 12-year-
old female patient (patient 3). Finally, for the third patient
(patient 2) who was 1 year old at the time of diagnosis, it
was difficult to distinguish between a primary EBV infection
complicated by steroid-resistant nephrotic syndrome (SRNS)
or NS in which the first attack was complicated by a primary
EBYV infection with lymphoproliferative syndrome.

Proliferation was difficult to diagnose in some cases. A
female patient (patient 5) receiving MMF presented with
recurrent aseptic arthritis treated by antibiotics during
6 months before Hodgkin’s lymphoma was identified. Labo-
ratory tests showed inflammatory syndrome, hypergamma-
globulinemia, anemia, and a slight elevation of lactate dehy-
drogenase. Another female patient (patient 1) developed
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Table 2 Summary of the cohort data: nephrotic syndrome and proliferative syndrome

Patients Total n=11
Age in years at diagnosis of nephrotic syndrome, median (range) 4 [0; 16]
Male, n (%) 5(45)
Ethnicity, n (%)

Caucasian 11 (100)
Consanguinity, n (%) 109
Family history*, n (%)

None 10 91)
Sjogren’s syndrome 19
Personal history*, n (%)

None 00
Response to corticosteroids, n (%)

Remission within the first 4 weeks 7 (64)
Remission with pulses 3(27)
Steroid resistance 109
Total number of relapses, median 2[0; 12]
Maintenance therapy received prior to the onset of a proliferative syndrome, n (%)

Levamisole 2 (18)
MMF 4 (36)
Tacrolimus 4 (36)
Rituximab 109
Ciclosporin 2 (18)
Cyclophosphamide 109
None 3(27)
Kidney biopsy, n (%)

Not done 2 (18)
Non-contributory biopsy 109
Minimal change disease 7 (64)
Focal segmental glomerulosclerosis 109
Immune system impairment prior to the onset of a proliferative syndrome, n (%)

Autoimmune disease 109
Hypogammaglobulinemia 109
Severe infection 109
Type of proliferation, n (%)

Nodular sclerosing Hodgkin's lymphoma 5 (45)
Lymphoproliferative syndrome 4(36)
Mucocutaneous Kaposi's sarcoma 109
Smooth muscle tumor 109
Time to proliferative syndrome (years) after diagnosis of nephrotic syndrome, median (range) 2[0;7]
Viruses identified at time of tumoral complication, n (%)

EBV 5 (45)
HHVS 2 (18)
Genetic and immunological testing, n (%)

Rare immune deficiency testing 1(9)
Genetic study in progress 109
Available results of genetic testing 2(18)

“History explored: solid tumor, autoimmune disease, lymphoma, lymphocyte proliferation, leukemia, genetic disease, immune deficiency
MMF mycophenolate mofetil

@ Springer



Pediatric Nephrology (2022) 37:1837-1843

1841

abdominal pain, vomiting, and elevation of transaminases
1 month after the sixth dose of rituximab to treat NS. She
had also intermittent arthralgias of the shoulders. She had
hypogammaglobulinemia related to rituximab. The blood
count and the bone marrow aspiration were normal. Hepatic
biopsy performed 2 years after the onset of symptoms found a
dense oligoclonal lymphocyte T infiltration. One girl patient
(patient 8) had occlusive syndrome and presented with
abdominal mass, 6 years after the diagnosis of NS treated
by several immunosuppressive therapies. She had ileo-ileal
intussusception, and finally the biopsy of intestinal tissues
found a smooth muscle tumor related to EBV. One boy
(patient 7) had dysphagia, and he presented with a deteriora-
tion of general condition 1 year after onset of NS. A circum-
ferential parietal thickening of the esophagus was observed
with digestive endoscopy. Biopsies found a polymorphic and
heterogeneous inflammatory infiltration in favor of benign T
cell lymphoproliferative disease. One female patient (patient
4) had nonspecific gastrointestinal symptoms (diarrheas,
abdominal pain) without biological inflammatory syndrome
2 years after NS diagnosis. Digestive endoscopy was consid-
ered normal. Digestive biopsies found a B cell polymorphic
lymphoproliferative disorder associated with EBV. Kaposi’s
sarcoma appeared in a male patient (patient 11) 6 years after
the diagnosis of NS. He had been treated by cyclophospha-
mide, by ergamisol, and then by ciclosporin.

A Hodgkin’s lymphoma was found in a patient (patient
10) with discovery of a cervical mass 2 years after the diag-
nosis of NS. Finally, another patient (patient 9) presented
with mediastinal mass and cough 1 year after NS onset and
Hodgkin’s lymphoma was diagnosed.

Potentially oncogenic viruses were identified in 7 patients in
the cohort (63%). EBV was implicated in the diagnosis of three
lymphoproliferative syndromes, one digestive smooth muscle
tumor (EBV-SMT), and one Hodgkin’s lymphoma. HHV8 was
associated with the development of Kaposi’s sarcoma, but was
also isolated in a child who developed Hodgkin’s lymphoma.
Lymphoproliferative syndromes could be due to B cell prolif-
eration (n=2, 50%) or T cell proliferation (n=2, 50%).

All the cases of Hodgkin’s lymphoma were treated with
chemotherapy, sometimes in association with radiotherapy
or autotransplantation. Among the patients with lymphopro-
liferative syndromes, one patient (female) was treated with
an mTOR inhibitor (sirolimus), and the other three received
rituximab infusions. The patient who presented with an
EBV-SMT underwent complete surgical excision and
received four rituximab infusions. Finally, the patient with
Kaposi’s sarcoma was treated with sirolimus (patient 11).
Immunosuppression was discontinued in 7 patients during
the treatment, and the others did not receive immunosup-
pression at the time of proliferation.

At least three patients presented with relapses of NS after
the diagnosis of proliferation. Two relapses were treated

with rituximab and corticosteroids (patient 8 and patient 11);
another one was treated with corticosteroids only (patient 2).

All patients remained in tumor remission after a median
follow-up time of 2 years.

Despite atypical clinical histories, only four patients
(36%) benefited from further immunological or genetic
investigation. Results were only available for one girl, but
none of the identified variants was considered involved in
these diseases.

Discussion

We studied 11 patients who developed a proliferative syn-
drome after the diagnosis of NS. The time of onset was
extremely variable, ranging from the concomitant diagno-
sis of NS and lymphoproliferative syndrome to the occur-
rence of proliferative syndrome 6 years after the diagnosis
of NS. The majority had either nodular sclerosing Hodgkin’s
lymphoma (n=35) or benign lymphoproliferative syndrome
(n=4). The other two tumors detected were virus-related:
one Kaposi’s sarcoma related to HHV8 (n=1) and one
smooth muscle tumor related to EBV (n=1).

Ten patients in the cohort (91%) had SSNS. Seven of
these patients went into remission with oral corticosteroids
(63%), and 3 required methylprednisolone pulses (27%).
Genetic analysis was not performed for the female patient
with SRNS because of calcineurin inhibitor sensitivity.

The proliferative syndromes identified in this study were
of lymphocytic origin for 82% of the cases (n=9). For 3
patients, the diagnosis of NS and lymphoproliferative syn-
drome were almost simultaneous. This homogeneity sup-
ports the hypothesis of a common etiopathogenicity between
these proliferative syndromes and the NS. However, two dif-
ferent pathologies are possible, a concomitant NS caused by
the immune dysregulation of the lymphoproliferative disease
(like Hodgkin’s lymphoma), and a lymphoproliferative dis-
ease following immunosuppression for the NS. Although
the relationship between immune system disturbances
and podocyte injury remains unclear, known mechanisms
include inhibition of delayed-type hypersensitivity, abnor-
malities in isotype switching, and T cell polarization that
results from abnormal transcriptional activation [8]. Genetic
polymorphisms have been found in the HLA complex and in
the CALHM®6 gene of the calcium homeostasis modulator 6
family involved in the modulation of the immune response
[8]. Finally, the reappearance of memory B cells after rituxi-
mab injection correlates with a high risk of relapse [9].

In addition, viruses were involved for 7 patients of the
cohort (64%), EBV for 5 and HHVS for 2. The involvement
of oncogenic viruses such as EBV has also been described
in idiopathic NS [1, 10].
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Two tumors detected in this study are usually diagnosed
in severely immunocompromised patients: Kaposi’s sarcoma,
which develops particularly in patients with acquired immu-
nodeficiency syndrome (AIDS), and EBV-SMT, an excep-
tional entity that occurs mainly in transplanted patients [11].
These diseases were diagnosed 6 years after the diagnosis of
NS. In our study, the patient who developed Kaposi’s sar-
coma had been treated with levamisole for 7 months, a course
of cyclophosphamide, and ciclosporin for 6 years. The patient
who developed EBV-SMT had been treated with MMF for
3 years and then with tacrolimus for 4 years. The extensive
period of immunosuppressive therapy may have facilitated
the development of these diseases, but no immune deficiency
was biologically demonstrated in these 2 patients. A genetic
study is underway for the child who had EBV-SMT. Only
29 children with EBV-SMT following solid organ transplan-
tation have been described; 38% of them had a history of
post-transplant lymphoproliferative disorder (PTLD) [11].
Reduction of immunosuppression, antiviral therapy, chemo-
therapy, surgical resection of the lesions, and sirolimus are
the different treatment options currently available [11].

In our study, there was no evidence of an association
between the immunosuppressive drugs received and the
development of a proliferative syndrome. Three patients had
received no maintenance therapy for NS when the prolifera-
tive syndrome was reported. The most common therapies used
before the onset of the proliferative syndrome were mycophe-
nolate mofetil (n=4) or tacrolimus (n=4). Mycophenolate
mofetil and calcineurin inhibitors can rarely cause lymphopro-
liferations. The known side effects include entities called other
iatrogenic immunodeficiency-associated lymphoproliferative
disorders (OIIA-LPD) due to immunosuppression caused by
these medications [12, 13]. Cyclophosphamide and rituximab
were each given to only one patient in the cohort before the
occurrence of a proliferative syndrome. When cyclophos-
phamide was used in routine practice, the tumors detected
in patients with NS could be attributed to this treatment
because of its cytotoxic nature. At present, cyclophosphamide
is no longer used as first-line therapy [14]. Neutropenia and
hypogammaglobulinemia are known late-onset adverse events
related to rituximab use, especially in young children [15].
In the literature, lymphoproliferative syndrome has not been
described in patients who received rituximab therapy.

Thirty-six percent (36%) of the patients in the cohort had
in-depth genetic (n=3) or immunological (n=1) studies.
We only had the results for two female patients. In the first
patient (patient 1), few variants were found in whole exome
sequencing: NFAT-5 variant, RRAS2 variant, and two DOCK4
variants. None of them was clearly involved in medical his-
tory. NFAT-5 (Nuclear factor of activated T cell 5) is a gene
involved in the immune system, which encodes a DNA bind-
ing protein activated in response to osmotic stress, also known
as tonicity-responsive enhancer binding protein (TonEBP).
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In T cells, NFAT-5 exists constitutionally and the transcrip-
tional regulatory activity can be induced independently by T
cell receptor stimulation or by hyperosmotic stress. T cells
with reduced NFATS function exhibit impaired proliferation
and survival [16]. It is important to note that lymphocytes are
exposed to physiological hyperosmotic stress [17]. However,
NFATS deficiency has never been previously described as
being associated with human disease [18], and in this case, we
cannot retain it as being responsible for the lymphoprolifera-
tion. The NFAT-5 variant is a variant of uncertain significance
(VUS). The RRAS?2 variant was inherited from her father and
had never been described before. Each variant of DOCK4
was inherited by each parent, but the function of DOCK4
in immune system is not known. For one patient (patient 6),
a NLRP] variant was found in HLH-EBV (EBV-associated
hemophagocytic lymphohistiocytosis) genetic panel. Human
NLRP1 was the first protein shown to form an inflamma-
some, but its physiological mechanism of activation remains
unknown [19]. This NRLP1 variant is of uncertain signifi-
cance (VUS). The results of genetic investigation for patient
8 are not available. Finally, rare immunodeficiency has been
looked for in patient 4, but none has been found.

The contribution of genetics could be essential to identi-
fying patients who are more likely to develop a proliferative
syndrome after being diagnosed with NS.

The clinical signs were variable and barely specific (gas-
trointestinal symptoms, adenopathy, pneumopathy, intussus-
ception, etc.), and an impaired general health status was not
always predominant. It was also sometimes difficult to make
a diagnosis. Special vigilance may be required in the event
of unusual persistence of common symptoms in children
with NS. In such cases, searching for adenopathies may help
guide diagnosis towards a benign or malignant lymphoprolif-
erative syndrome. From an epidemiological perspective, we
speculate that lymphoproliferation could occur much more
frequently in children with NS than in the general pediat-
ric population. For Hodgkin’s lymphoma, the incidence has
been estimated at 7 per million children per year compared
to 3 per 1000 children with NS in our study [20]. Therefore,
the incidence of Hodgkin’s lymphoma might be around 400
times higher in patients with NS than in the general pediatric
population. For all cancers, the incidence has been estimated
to be about 150 per million children per year in France com-
pared to 5 per 1000 children with NS in our study. The inci-
dence rate of all cancer might thus be around 30 times higher
in children with NS than in the general pediatric population.

Our cohort was retrospective and consisted of only 11
patients. Furthermore, we observed common features with-
out being able to prove a causal link between the NS and the
proliferative syndrome. There was a potential recall bias in
our study since it was not exhaustive. It relied on the mem-
ory and goodwill of pediatricians from the French Pediatric
Nephrology Society.
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Conclusion

We report 11 patients with NS most of whom were steroid-
sensitive and who simultaneously or subsequently developed
a proliferative syndrome, mostly of lymphocytic origin. The
data did not allow us to investigate the role of the immunosup-
pressive treatments received. We suggest regular monitoring
of EBV/HHVS8 PCR in children with NS and reduction of
immunosuppression in case of high viral load. We assume that
these proliferative syndromes, which are mainly lymphocytic,
have the same etiopathogenesis as the NS, which could be
related to a lymphocytic disturbance in the immune system.

Abbreviations AIDS: Acquired immunodeficiency syndrome;
DNA: Deoxyribonucleic acid; EBV: Epstein-Barr virus; EBV-
SMT: Epstein-Barr virus-associated smooth muscle tumors;
HLA: Human leukocyte antigen; HHV-8: Human herpesvirus-8;
MCD: Minimal change disease; MMF: Mycophenolate mofetil; NFAT-
5: Nuclear factor of activated T cell 5; NS: Nephrotic syndrome; OIIA-
LPDs: Other iatrogenic immunodeficiency-associated lymphoprolif-
erative disorder; PTLD: Post-transplant lymphoproliferative disorder;
TonEBP: Tonicity-responsive enhancer binding protein; VUS: Variant
of uncertain significance
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