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Background: Apheresis is thegoldstandard for idiopathicnephrotic syndrome (INS) relapseafter transplantation,

but it remains unknown whether such treatment is useful for adults with refractory INS on native kidneys.

Methods: This retrospective study included patients older than 16 years with biopsy-proven refractory

(persistent nephrotic syndrome on corticosteroids plus at least 1 immunosuppressive drug) INS treated by

apheresis and followed for at least 3 months.

Results: Between September 1997 and January 2020, 21 patients (focal segmental glomerulosclerosis: 12,

minimal change nephrotic syndrome: 9, men: 67%, median age: 34 years) were identified. At last follow-up

(12 months), 7 of 21 patients were in complete or partial remission. Remission was associated with older

age (51 vs. 30 years, P ¼ 0.05), lower proteinuria (3.9 vs. 7.3 g/d, P ¼ 0.03), and lower estimated glomerular

filtration rate (eGFR) (28.0 vs. 48.5 ml/min per 1.73 m2, P ¼ 0.05) at apheresis. The need for dialysis before

apheresis (odds ratio [OR] 22.0 [1.00–524], P ¼ 0.026), age $50 years (OR: 22.6 [1.00–524], P ¼ 0.006), a

marked (>4.5 g/d) decrease in proteinuria (OR: 9.17 [1.15–73.2], P ¼ 0.041), and a short (<12 months) time

between diagnosis and apheresis (OR: 10.8 [1–117], P ¼ 0.043) were significantly associated with remission.

Three of 7 patients in remission who were initially on dialysis became dialysis-free; by contrast, none of the 14

patients without remission was initially on dialysis, but 5 of 14 had become dialysis-dependent (P ¼ 0.01).

Conclusion: Apheresismay result in remission in adult patientswith refractory INS, particularly in those at risk

of renal failure,with limited sensitivity tomedical treatments, if apheresis is initiatedwithin a year of diagnosis.
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L Moret et al.: Apheresis in Refractory Idiopathic Nephrotic Syndrome CLINICAL RESEARCH
I
NS, a primary glomerular disease with 2 underlying
histological variants (minimal change nephrotic syn-

drome [MCNS] and primary focal-segmental glomerulo-
sclerosis [FSGS]), accounts for 90% of the cases of
glomerular disease in children and 20% of those in
adults.1–3 Its pathogenesis remains poorly understood,
but, given its high sensitivity to corticosteroids and
immunosuppressive drugs, INS is currently considered
to be an immune-mediated disease.4 The absence of
inflammation, immune cell infiltrates, Ig and complement
deposits (except IgM and C3 complement deposition in
some patients with FSGS) on renal biopsy strongly sug-
gests that INSmay be caused by 1 ormore putative circu-
lating factors that increase glomerular capillary
permeability, leading to disorganization of the podocyte
cytoskeleton and subsequent proteinuria.5 In both adults
and children, the first-line treatment for INS is corticoste-
roids.6,7 Such treatment leads to complete remission of
nephrotic syndrome in approximately 75% to 95% for
adult patients with MCNS and approximately 32% to
47% of adult patients with FSGS.8,9 Patients not
achieving remission on corticosteroid treatment are
considered to have steroid-resistant nephrotic syndrome
(SRNS). Patients with SRNS or with steroid-dependent
nephrotic syndrome require second-line treatment with
immunosuppressive agents, such as calcineurin inhibi-
tors, cyclophosphamide, mycophenolate mofetil, and B-
cell–depleting agents.2,3 However, the persistence of
nephrotic syndrome despite the use of at least 2 lines of
treatment is associated with an increase in the risk of
end-stage kidney disease.5 A recent meta-analysis based
on 423 patients with posttransplant INS recurrence
showed that plasma exchange resulted in remission in
75% of cases (with complete remission in 46.8%).10

Apheresis is now considered the gold standard treatment
for INS recurrence on the graft.11 By extrapolation,
apheresis should also probably be considered in adult pa-
tients with refractory INS on native kidneys. Unfortu-
nately, published data regarding the potential value of
apheresis for the treatment of native kidneys in adult pa-
tients are scarce and inconclusive. Most of the available
data originate from Japan and relate to patients with
low-density lipoprotein (LDL)-apheresis.12–16

In this French multicenter retrospective study, we
investigated the effect of apheresis in 21 adult patients
with biopsy-proven refractory INS despite treatmentwith
corticosteroids and at least one immunosuppressive drug.

METHODS

Study Design and Participants

This retrospective study, instigated by the network of
the French rare disease centers dedicated to INS

See Commentary on Page 2019
Kidney International Reports (2021) 6, 2134–2143
management, was conducted by sending a question-
naire to all French nephrology departments, asking
them to identify patients older than 16 years who had
undergone apheresis to treat refractory INS on native
kidneys. The patients at each hospital were identified
from electronic medical records, including pathological
and clinical diagnosis databases. The inclusion criteria
were biopsy-proven MCNS or FSGS on the native
kidneys in patients requiring at least 3 sessions of
apheresis, followed for at least 3 months. The different
types of apheresis considered were specified: plasma
exchange (PE), immuno-adsorption (IA), LDL-A per
dextran column and double-filtration plasmapheresis.
The study was performed in accordance with the
Helsinki Declaration, with the approval of our
local institutional review board (research project no.
2020–042).

Data Collection

Demographic, clinical, and biological data were recor-
ded for each patient at the time of INS diagnosis, at the
start of apheresis, and at various time points after the
initiation of apheresis (1 month, 3 months, 6 months,
and last follow-up visit). Searches for monogenic mu-
tations, targeted sequencing of genes involved in
SRNS, and genotyping data for 2 risk alleles (the G1
and G2 variant alleles) of the gene encoding APOL1,
were systematically noted, when available.17,18 High-
risk APOL1 genotypes were defined as the 2 risk al-
leles in any combination (homozygous G1/G1, homo-
zygous G2/G2, or compound heterozygous G1/G2).18

All patients tested for genetic mutations gave written
informed consent for such tests. The type, number, and
duration of apheresis were recorded, together with the
number and type of immunosuppressive agents used in
addition to corticosteroids for the treatment of INS.

Definitions

MCNS was diagnosed on the basis of an absence of
visible changes on light microscopy examination, and
an absence of immunoglobulin and/or complement
deposits in immunofluorescence studies.1 FSGS diag-
nosis was based on the presence of segmentally
collapsed glomerular capillaries, with areas of
glomerular scarring associated with the focal and
segmental granular deposition of IgM and/or C3
within areas of segmental glomerular sclerosis.19 FSGS
was considered primary or “idiopathic” when clini-
cians considered the use of corticosteroid therapy
and/or immunosuppressive agents to achieve the
remission of nephrotic syndrome. SRNS was defined
according to current international treatment guide-
lines for MCNS and FSGS.20,21 Refractory INS was
defined as the persistence of nephrotic syndrome
2135



Table 1. Demographic, clinical, biological, and pathological findings at the time of idiopathic nephrotic syndrome
Total population Remission No remission

P valuen [ 21 n [ 7 n [ 14

Clinical data

Age (y) [IQR] 34 [20–49] 50 [31–52] 26 [19–38] 0.03

Min-Max (y) 16–76 16–76 16–49

Men (%) 14 (66.7) 6 (85.7) 8 (57.1) 0.41

African ancestry (%) 3 (14.3) 2 (28.6) 1 (7.1) 0.51

Body mass index (kg/m2) [IQR]; n ¼ 19/21, 6/7, 13/14 23.8 [21.6–26.9] 25.1 [23.3–27.5] 23.4 [21.3–26.5] 0.32

- < 25 (%) 11 (57.9) 3 (50) 8 (61.5)

- 25–29.9 (%) 8 (42) 3 (50) 5 (38.5)

- $ 30 (%) 0 0 0

Comorbid conditions

- Hypertension (%) 2 (9.5) 1 (14.3) 1 (7.1)

- History of atopic disease (%) 2 (9.5) 1 (14.3) 1 (7.1)

Renal parameters

Systolic blood pressure (mm Hg) [IQR]; n ¼ 18/21, 6/7, 12/14 140 [126–155] 144 [127–161] 140 [123–153] 0.67

Diastolic blood pressure (mm Hg) [IQR]; n ¼ 18/21, 6/7, 12/14 80 [75–91] 88 [74–101] 80 [75–90] 0.47

Serum albumin level (g/l) [IQR] 19.0 [14.8–23.0] 19.0 [11.2–28.0] 18.1 [14.9–21.2] 0.45

Proteinuria (g/d) [IQR] 10.0 [5.1–10.2] 10.0 [5.0–16.5] 8.4 [5.1–10.1] 0.27

Serum creatinine (mmol/l) [IQR] 93 [77–115] 110 [80–137] 86 [74–107] 0.14

eGFR (mL/min per 1.73 m2) [IQR] 80 [65–106] 66 [50–83] 91 [68–111] 0.09

Acute kidney injury (AKI)a (%) 5 (23.8) 3 (42.9) 2 (14.3) 0.37

- AKI stage 1 (%) 4 (19.1) 2 (28.6) 2 (14.3)

- AKI stage 2 (%) 0 0 0

- AKI stage 3 (%) 1 (4.8) 1 (14.3) 0

Renal biopsy findings

Focal segmental glomerulosclerosis (%) 12 (57.1) 4 (57.1) 8 (57.1) 1

Minimal change nephrotic syndrome (%) 9 (42.9) 3 (42.9) 6 (42.9) 1

Steroid-resistant nephrotic syndrome (SRNS) (%) 19 (90.5) 6 (85.7) 13 (92.9) 1

Steroid-dependent nephrotic syndrome (SDNS) (%) 2 (9.5) 1 (14.3) 1 (7.1) 1

Genetic analysis n [ 9/19

Targeted sequencing of genes involved in SRNS (%) 9 (47.4) 2 (33.3) 7 (53.9) 0.4

Negative for monogenic mutation in SRNS genes (%) 9 (47.4) 2 (33.3) 7 (53.9) 0.4

Positive for high-risk polymorphism apolipoprotein L1 genotypesb (%) 2 (10.5) 1 (16.7) 1 (7.7) 0.55

Not performed (%) 10 (52.6) 4 (66.7) 6 (46.1) 0.4

Qualitative data are expressed as n (%), quantitative data as median [interquartile range; IQR], as appropriate.
Glomerular filtration rate (GFR) was estimated (eGFR) by the Chronic Kidney Disease Epidemiology Collaboration equation.
aAcute kidney injury was defined according to Kidney Disease Improving Global Outcomes (KDIGO) criteria
bHigh-risk apolipoprotein L1 genotypes were defined as 2 risk alleles in any combination (homozygous G1/G1, homozygous G2/G2, or compound heterozygous G1/G2).
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despite the use of corticosteroids associated with at
least 1 additional immunosuppressive drug. Patients
could be included if apheresis was used as a rescue
therapy (i.e., because of a marked deterioration of
renal function) or to minimize the adverse effects of
prolonged or repeated treatments with immunosup-
pressive drugs. Acute kidney injury (AKI) was
defined according to the Kidney Disease: Improving
Global Outcomes criteria.22 Chronic kidney disease
(CKD) was defined as an eGFR according to the
Chronic Kidney Disease Epidemiology Collaboration
equation <60 ml/min per 1.73 m2 for at least 3
months.23 CDK was classified into 5 stages based on
the Kidney Disease Outcomes Quality Initiative.24 For
patients requiring kidney replacement therapy by
intermittent chronic hemodialysis, we considered an
eGFR of 0 ml/min per 1.73 m2.
2136
Outcome Measures

All patients were followed for at least 3 months
after the initiation of apheresis. Complete remission
of nephrotic syndrome was defined as the normali-
zation of urinary protein levels to values within the
normal range (proteinuria <0.3 g/d), associated with
a serum albumin level >30 g/l. Partial remission was
defined as proteinuria between 0.3 and 3 g/d,
associated with a serum albumin concentration >30
g/l. An absence of remission was defined as the
persistence of nephrotic syndrome (proteinuria
greater than 3 g/d, associated with a serum albumin
concentration <30 g/l). Successful therapy (remis-
sion group) was defined as complete or partial
remission, with no requirement for kidney replace-
ment therapy at the time of the last follow-up
evaluation.
Kidney International Reports (2021) 6, 2134–2143



Table 2. Characteristics of patients and treatment at the start of apheresis
Total population Remission No remission

P valuen [ 21 n [ 7 n [ 14

Clinical and biological characteristics

Age (y) [IQR] 34 [24–50] 51 [31–65] 30 [22–40] 0.05

Min-Max (years) 16–76 16–76 16–49

Hemoglobin level (g/dl) [IQR]; n ¼ 18/21, 6/7, 12/14 10.9 [9.2–12.3] 9.6 [9.1–11.7] 11.3 [10.1–12.8] 0.17

Platelet count (109/l) [IQR]; n ¼ 17/21, 6/7, 11/14 299 [249–365] 294 [235–333] 319 [228–377] 0.59

Absolute neutrophil count (109/l) [IQR]; n ¼ 16/21, 6/7, 10/14 6.1 [4.4–7.7] 4.6 [2.2–6.7] 6.4 [5.4–8.5] 0.14

Renal parameters

Systolic blood pressure (mm Hg) [IQR]; n ¼ 18/21, 5/7, 13/14 137 [120–146] 130 [109–141] 140 [120–146] 0.27

Diastolic blood pressure (mm Hg) [IQR]; n ¼ 18/21, 5/7, 13/14 80 [70–90] 78 [55–83] 80 [70–92] 0.32

Serum albumin concentration (g/l) [IQR] 17.0 [11.4–22.9] 20.0 [11.2–28.0] 16.6 [11.4–20.9] 0.5

Proteinuria (g/d) [IQR] 5.3 [4.0–10.5] 3.9 [3.0–5.1] 7.3 [4.9–11.0] 0.03

Absolute change in proteinuria (g/d) [IQR] �2.9 [�5.4; 2.0] �5.5 [�14.0; �2.9] 0.5 [�4.5; 3.6] 0.03

Absolute monthly change in proteinuria (g/d/mo) [IQR] 0.0 [�0.6–0.1] �0.6 [�2.9; �0.3] 0.0 [�0.2; 0.2] 0.008

Serum creatinine concentration (mmol/l) [IQR]; n ¼ 18/21, 4/7, 14/14 142.5 [110.0–198.5] 153.5 [112.2–207.5] 142.5 [103.2–185.5] 0.87

eGFR (ml/min per 1.73 m2) [IQR]a 48.0 [25.0–66.5] 28.0 [0–52.0] 48.5 [39.8–75.0] 0.05

CKD stage

- I (%) 2 (9.5) 0 2 (14.3) 0.79

- II (%) 3 (14.3) 0 3 (21.4) 0.51

- III (%) 10 (47.6) 3 (42.9) 7 (50.0) 1

- IV (%) 2 (9.5) 1 (14.3) 1 (7.1) 1

- V (%) 4 (19.1) 3 (42.9) 1 (7.1) 0.17

Time from diagnosis to apheresis (mo) [IQR] 10 [5–25] 8 [1–11] 19 [7–26] 0.17

Absolute change in eGFR (ml/min per 1.73 m2) [IQR] �29.0 [�54.3; �6.9] �28.0 [�83.0; �7.0] �29.0 [�51.2; �4.7] 0.68

Absolute monthly change in eGFR (ml/min per 1.73 m2/mo) [IQR] �2.9 [�6.2; �0.3] �6.8 [�12.6; �3.1] �1.5 [�3.4; �0.2] 0.04

Dialysis before apheresis /at the last follow-up

- no/no (%) 13 (61.9) 4 (57.1) 9 (64.3) } 0.01

- yes/no (%) 3 (14.3) 3 (42.9) 0

- no/yes (%) 5 (23.8) 0 5 (35.7)

Specific treatments for INS before apheresis

Number of immunosuppressive drugs with corticosteroids

- 1 immunosuppressive drug (%) 10 (47.6) 7 (100.0) 3 (20.0) 0.003

- $ 2 immunosuppressive drugs (%) 11 (52.4) 0 11 (78.6) 0.003

Number of treatments without corticosteroids [IQR] 2 [1–3] 1 2 [1–3] 0.002

Min - Max 1; 6 1 1; 6

Duration of corticosteroid use before apheresis - median [IQR] (month) 7.0 [5.0–24.0] 5.0 [1.0–7.0] 15.0 [6.0–25.2] 0.05

Immunosuppressive therapy used before apheresis

- Calcineurin inhibitor (%) 13 (61.9) 4 (57.1) 9 (64.3) 1

Cyclosporine (%) 13 (61.9) 4 (57.1) 9 (64.3)

Tacrolimus (%) 8 (38.1) 0 8 (57.1)

- Cyclophosphamide (%) 4 (19.1) 2 (28.6) 2 (14.3) 0.84

- Rituximab (%) 8 (38.1) 1 (14.3) 7 (50.0) 0.27

- Mycophenolate mofetil (%) 7 (33.3) 0 7 (50.0) 0.07

- Intravenous immunoglobulin (%) 1 (4.8) 0 1 (7.1) 1

Mode of apheresis

Type of apheresis

- Plasma exchange (%) 11 (52.4) 6 (85.7) 5 (35.7) 0.09

- Immunoadsorption (%) 6 (28.6) 0 6 (42.9) 0.12

- Double-filtration plasmapheresis (%) 2 (9.5) 1 (14.3) 1 (7.1) 1

- Plasma exchange followed by immunoadsorption (%) 1 (4.8) 0 1 (7.1) 1

- Low-density lipoprotein apheresis (%) 1 (4.8) 0 1 (7.1) 1

Number of apheresis sessions [IQR] 12 [4–39] 11 [4–74] 12 [7–32] 0.97

- # 3 (%) 3 (14.3) 1 (14.3) 2 (14.3)

- [4–15](%) 10 (47.6) 3 (42.9) 7 (50)

- $ 15 (%) 8 (38.1) 3 (42.9) 5 (35.7)

Duration of apheresis (days) [IQR] 47 [17–172] 56 [13–1954] 40 [21–114] 0.56

Min-Max 6; 2296 7; 2296 6; 338

Specific treatments for INS after apheresis

Dose of corticosteroids at the start of apheresis (mg/d) [IQR] 15 [1–60] 30 [7–65] 10 [0–60] 0.36

(Continued on following page)
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Table 2. (Continued)
Total population Remission No remission

P valuen [ 21 n [ 7 n [ 14

Immunosuppressive therapy used after and during apheresis

- Calcineurin inhibitor (%) 12 (57.1) 5 (71.5) 7 (50.0) 0.64

Cyclosporine (%) 7 (33.3) 5 (71.5) 2 (14.3)

Tacrolimus (%) 7 (33.3) 0 7 (50.0)

- Cyclophosphamide (%) 2 (9.5) 2 (28.6) 0 0.19

- Rituximab (%) 3 (14.3) 2 (28.6) 1 (7.1) 0.51

- Mycophenolate mofetil (%) 4 (19.1) 0 4 (28.6) 0.36

- Intravenous immunoglobulin (%) 2 (9.5) 0 2 (14.3) 0.79

- Azathioprine (%) 2 (9.5) 1 (14.3) 1 (7.1) 1

- Ofatumumab (%) 1 (4.8) 0 1 (7.1) 1

aeGFR ¼ 0 ml/min per 1.73 m2 for the 3 patients on dialysis.
Qualitative data are expressed as n (%), quantitative data as medians [interquartile range; IQR], as appropriate.
Glomerular filtration rate (GFR) was estimated (eGFR) by the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation.
CDK stage was defined according to National Kidney Foundation practice guidelines for CKD.
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Statistical Analysis

Continuous variables are expressed as the median and
interquartile range, whereas categorical variables are
expressed as numbers and percentages. We used
Mann-Whitney U tests for comparisons of continuous
variables and c2 or Fisher’s exact tests, as appropriate,
for comparisons of categorical variables. Logistic
regression was used to assess the likelihood of remis-
sion associated with specific baseline parameters; re-
sults are expressed as OR and 95% confidence
intervals. R software (version 3.6.0) was used for the
analyses.
RESULTS

Baseline Characteristics at the Time of INS

Diagnosis

Between September 1997 and January 2020, we iden-
tified 21 patients (14 [66.7%] men, median age: 34 years
[20–49]) with refractory INS who had undergone
apheresis with a follow-up of at least 3 months. The
demographic, clinical, and biological data and renal
biopsy findings for these patients at the time of INS
diagnosis are summarized in Table 1. At the time of the
first nephrological evaluation, proteinuria was 10 g/
d (5.1–10.2) and serum albumin concentration was 19.0
g/l (14.8–23.0). At disease onset, 5 patients (23.8%) had
AKI (AKI stage 3 in 1 case of 21 [4.8%]) but none
required kidney replacement therapy. Underlying
glomerular disease included FSGS in 12 (57.1%) pa-
tients and MCNS in 9 (42.9%) patients. Diagnostic tests
for a secondary process were negative in all but 2
(9.5%) patients (1 patient with FSGS lesions had a
history of parvovirus B19 infection [IgM-positive] and
1 patient had a history of resolved hepatitis B). The
first-line treatment was corticosteroids, in all patients.
With this therapeutic approach, only 2 (9.5%) patients
2138
presented steroid-dependent nephrotic syndrome,
whereas 19 (90.5%) had SRNS. Targeted sequencing of
an SRNS gene panel, performed in 9 of 19 (42.9%)
patients, found no monogenic mutations of SRNS
genes, but high-risk apolipoprotein L1 (APOL1) vari-
ants were found in 2 (9.5%) patients of African
ancestry (1 homozygous G1/G1, 1 compound hetero-
zygous G1/G2). Of note, in 6 of 9 cases, targeted
sequencing strategy used to screen for monogenic
mutations of SRNS included COL4A genes. A second
renal biopsy was performed before the initiation of
apheresis in 10 (47.6%) patients (interval between the
first and second biopsies: 12 [9–18] months) and
revealed FSGS lesions in 7 (70%) cases. Overall, on
apheresis, 7 (33.3%) patients achieved remission (4 of 7
[57.1%] patients with complete remission and 3 of 7
[42.9%] patients with partial remission) (Table 1). In
the 2 patients with potential secondary forms of FSGS,
1 patient (FSGS occurring after parvovirus B19 infec-
tion) did not response to apheresis, whereas the second
had partial remission. No differences were observed
between these 2 groups (remission vs. no-remission) at
baseline, for serum albumin concentration (19.0 g/l
[11.2–28.0] vs. 18.1 [14.9–21.2], P ¼ 0.45) and pro-
teinuria level (10.0 g/d [5.0–16.5] vs. 8.4 [5.1–10.1], P ¼
0.27). The patients achieving remission were older than
those without remission (50 years [31.0–52.0] vs. 26.5
[19.3–38.8], P ¼ 0.03).

Characteristics of Patients at the Onset of

Apheresis

The clinical and biological data of the patients at the start
of apheresis are shown in Table 2. For the total popu-
lation, proteinuria was 5.3 g/day (4.0–10.5) and serum
albumin concentration was 17.0 g/l (11.4–22.9). In 18 of
the 21 patients (85.7%) nephrotic syndrome persisted
despite treatment with corticosteroids and at least 1
Kidney International Reports (2021) 6, 2134–2143



Figure 1. Serum albumin concentration (g/l) at the time of INS
diagnosis; at the time of apheresis; and at 1, 3, and 6 months and at
last follow-up in patients with and without remission. Treatment
efficacy (remission vs. no remission) was evaluated on based on
serum albumin concentration and proteinuria at last follow-up.
Median follow-up was 12 [6.5–43] months. Data are expressed as
medians and interquartile range. *P < 0.05 for the comparison of the
remission and no-remission groups at each time point.

Figure 2. Proteinuria (g/d) at the time of INS diagnosis; at the time of
apheresis; and at 1, 3, and 6 months and at last follow-up in patients
with and without remission. Treatment efficacy (remission vs. no
remission) was evaluated based on the results for serum albumin
concentration and proteinuria at last follow-up. Median follow-up
was 12 [6.5–43] months. Data are expressed as medians and inter-
quartile range. *P < 0.05 for the comparison of the remission and
no-remission groups at each time point.
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immunosuppressive drug. The remaining 3 patients
(14.3%) had a proteinuria that was 1.0, 2.6, and 3.0 g/d,
and serum albumin concentrations<30 g/l. Between INS
diagnosis and the start of apheresis (interval of 10
months [5–25]), eGFR decreased (eGFR change: �29 ml/
min per 1.73 m2 [�54.3 to�6.9]) and 3 patients (14.3%)
required intermittent hemodialysis. The specific treat-
ments used for INS before apheresis and the type of
apheresis are shown in Table 2. All patients received at
least 1 immunosuppressive drug in addition to cortico-
steroids (10 [47.6%] patients had 1 immunosuppressive
drug and 11 (52.4%) had 2 or more immunosuppressive
drugs). Cyclosporine was the most common immuno-
suppressive drug used. The type of apheresis was PE in
11 (52.4%) patients, whereas 6 (28.6%) received IA, 2
(9.5%) received double-filtration plasmapheresis, 1
(4.8%) received PE followed by IA, and 1 (4.8%)
received LDL-apheresis. The median number of apher-
esis sessions was 12 (4–39), and the median duration of
apheresis was 47 days (17–172). Among the 7 patients
who achieved remission under apheresis, 2 displayed
nephrotic syndrome relapse when apheresis was
stopped. They became “apheresis dependent,”
requiring 1 apheresis session per month to maintain
remission. In these 2 patients, definitive stopping of
apheresis (after 5 and 7 years, respectively) has been
associated with residual proteinuria below to 100 mg/
mmol. We then compared the main characteristics of
patients according to remission status at last follow-up
visit (Table 2). The patients who subsequently ach-
ieved remission were older (51 years [31–65] vs. 30 [22–
40], P ¼ 0.05), had a lower eGFR (28.0 ml/min per 1.73
Kidney International Reports (2021) 6, 2134–2143
m2 [0–52.0] vs. 48.5 [39.8–75.0], P ¼ 0.05) and lower
proteinuria (3.9 g/d [3.0–5.1] vs. 7.3 [4.9–11.0], P¼ 0.03)
at the initiation of apheresis than those without remis-
sion, but serum albumin concentrations did not differ
significantly between the 2 groups (20.0 g/l [11.2–28.0]
vs. 16.6 [11.4–20.9], P ¼ 0.50). The absolute monthly
change in eGFR was larger in patients who achieved
remission (�6.8 ml/min per 1.73 m2/month [�12.6
to�3.1] vs.�1.5 [�3.4 to�0.2]; P¼ 0.04). The number
of immunosuppressive drugs before the initiation of
apheresis (1 [1–1] vs. 2 [1–3], P¼ 0.002) and the duration
of treatment with corticosteroids before apheresis were
lower (5 months [1–7] vs. 15 [6–25.2], P ¼ 0.05) in pa-
tients who subsequently achieved remission than in
those who did not. PE was performed in 6 of 7 (85.7%)
patients in the remission group and in 5 of 14 (35.7%)
patients without remission (P ¼ 0.09). IA was used in
0 of 7 patients with remission and in 6 of 14 (42.9%)
patients without remission (P ¼ 0.12). The duration of
apheresis did not differ significantly between the pa-
tients with and without remission. The safety of
apheresis was good: venous thrombosis on a catheter
was observed in 2 (9.5%) cases and hematoma at the
puncture site requiring blood transfusion occurred in 1
(4.8%) patient. Apheresis was stopped due to intoler-
ance in only 1 (4.8%) patient.

Outcome of Renal Parameters During Follow-Up

In the total population, 3 months after the initiation of
apheresis, serum albumin concentration was 20.0 g/l
(13.4–36.0) and proteinuria was 8.5 g/d (0.8–8.9). After a
median follow-up of 12 (6.5–43.0) months, serum
2139



Figure 3. Glomerular filtration rate (ml/min per 1.73 m2) estimated
(eGFR) according to the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation at the time of INS diagnosis; at the
time of apheresis; and at 1, 3, and 6 months, and at last follow-up, in
patients with and without remission. Treatment efficacy (remission
vs. no remission) was evaluated based on the results for serum
albumin concentration and urinary protein concentration at last
follow-up. Median follow-up was 12 [6.5–43] months. Data are
expressed as medians and interquartile range. Patients on dialysis (5
patients in the no-remission group) were considered to have an
eGFR of 0 ml/min per 1.73 m2). Remission versus no remission at
each time point: P $ 0.05.

Table 3. Parameters associated with remission (univariate analysis)
Odds
ratio 95% CI P value

All patients (n [ 21)

Age $50 y 22.6 1.00–525 0.006

Time from diagnosis to apheresis
< 12 mo

10.8 1–117 0.043

Change in proteinuria before apheresis
> 4.5 g/d

9.17 1.15–73.2 0.041

Dialysis for acute kidney injury at the time of
apheresis

22.0 1.00–524 0.026

Dialysis or change in proteinuria
> 4.5 g/d before apheresis

22.0 1.86–107 0.001

CI, confidence interval.
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albumin concentration was at 28.0 g/l (17.7–37.0) and
proteinuria was 2.3 g/d (0.4–10.0) (median follow-up
was 68.0 months [37.0–15.0] in the remission group
and 10.0 months [4.8–15.0] in the nonremission group,
P¼ 0.004) (Figure 1 and Figure 2). As expected, patients
from the remission group had a higher serum albumin
concentration 3 months after the initiation of apheresis
(36.5 g/l [35.0–20.8] vs. 19.3 [10.3–20.8], P¼ 0.01) and at
the last follow-up evaluation than those in the non-
remission group (38.9 g/l [35.0–25.2] vs. 19.7 g/l [11.9–
25.2], P ¼ 0.001) (Figure 1). Similarly, proteinuria was
significantly lower in the remission group than in the
nonremission group (1.6 g/d [0.5–13.1] and 10.5 g/
d [8.4–13.1], P¼ 0.004) at 3 months after the initiation of
apheresis. The absolute change in proteinuria between
INS diagnosis and the start of apheresis was larger in the
remission group than in the nonremission group (�5.5
g/d [�14.0 to �2.9] vs. 0.5 g/d [�4.5 to 3.6]; P ¼ 0.03)
(Table 2). At the last follow-up evaluation, proteinuria
was 0.1 g/d [0.0–12.6] for patients in remission and 10.0
g/d [3.0–12.6] for patients without remission (P¼ 0.008)
(Figure 2). Figure 3 shows the changes in eGFR at the
time of INS diagnosis, at apheresis initiation, at 3 and 6
months, and at the last follow-up evaluation. At the last
follow-up visit, CKD stage I was observed in 1 of the 7
patients who had achieved remission (14%) and in 4 of
the 14 (29%) patients without remission (P¼ 0.46). CKD
stage II–III was observed in 4 of 7 (57%) patients with
remission, versus 3 of 14 (21%) patients without
remission (P¼ 0.10), and CKD stage IV–V was observed
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in 2 of 7 (29%) patients with remission, versus 7 of 14
(50%) patients without remission (P ¼ 0.35). Three
(42.9%) patients from the remission group had to start
dialysis because of a rapid deterioration of renal function
at the time of apheresis. The duration of the disease
before the initiation of apheresis was 1, 8, and 11
months, in these 3 patients. All were off dialysis at the
last follow-up visit (eGFR: 45 ml/min per 1.73 m2 [20–
97]). By contrast, none of the patients who did not
achieve remission were on dialysis before apheresis,
whereas 5 of 14 (35.7%) of these patients were on dial-
ysis at last follow-up (P ¼ 0.01) (Table 2).

Identification of Parameters Associated With

Remission on Apheresis

In univariate analysis, AKI requiring dialysis at the
time of apheresis (OR: 22.0 [1.00–525] P ¼ 0.026), a
marked decrease in proteinuria from initial diagnosis to
the initiation of apheresis (absolute decrease >4.5 g/d:
OR: 9.17 [1.15–73.2], P ¼ 0.041); and age $50 years
(OR: 22.6 [1.00–524], P ¼ 0.006) were associated with a
higher likelihood of remission. A time from diagnosis to
apheresis <12 months was also associated with remis-
sion (OR: 10.8 [1–117], P ¼ 0.043) (Table 3).
DISCUSSION

In this retrospective study, we assessed the effect of
apheresis in adult patients with refractory INS. This
treatment was found to be a promising therapeutic
approach in refractory INS, because 33% of the patients
were in remission at the last follow-up evaluation.
Strikingly, apheresis seemed to be more effective in
patients with (i) an imminent risk of renal failure
requiring kidney replacement therapy, (ii) with limited
sensitivity to treatment with corticosteroids and at least
1 additional immunosuppressive drug (defined as a
marked decrease in proteinuria of more than 4.5 g/d but
without complete or partial remission before apheresis),
(iii) with a time from diagnosis to apheresis<12 months,
and (iv) an age older than 50 years.
Kidney International Reports (2021) 6, 2134–2143
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The treatment of refractory INS on native kidneys
remains a matter of debate, and the potential value of
apheresis for treating this condition in adult patients
remains to be determined. Muso25 reported that LDL-
apheresis resulted in 50% remission in adults with
steroid-resistant NS, but this study included patients
with diverse primary glomerular diseases (FSGS, MCNS,
IgA nephropathy, and membranous nephropathy),
making it difficult to draw definitive conclusions. In a
prospective multicenter study from the same group,
including 44 adult patients (including 29 with INS) with
persistent SRNS after at least 4 weeks of steroid treat-
ment, LDL-apheresis led to remission (defined as
proteinuria <1 g/d) in 47.7% of cases after 2 years of
follow-up.15 A recent retrospective study by Nattes
et al.16 evaluated the efficacy of plasma protein (IA) in 14
children with refractory INS. This study reported a
complete and partial remission rate of 64%, but all pa-
tients displayed relapse when IA was stopped. In our
study, 2 patients with remission became dependent to
apheresis, suggesting that this therapeutic approach, in
some patients, may be only suspensive. Naciri Bennani
et al.26 recently described 3 cases that suggested that
double-filtration plasmapheresis or semi-specific IA
could successfully treat INS in patients in whom con-
ventional therapies had failed. With the exception of
studies on LDL-A, all the available data relating to the
potential value of apheresis for treating refractory INS in
adulthood originate exclusively from case reports.13,26–
28 Our study focusing exclusively on adult patients
with refractory INS suggests that apheresis may be a
relevant treatment option in some cases.

The immune mechanisms underlying the patho-
physiology of INS are believed to involve a systemic T-
and/or B-cell dysfunction.29 It is currently thought that
INS is caused by a putative circulating factor, and we
can hypothesize that apheresis acts directly, by
removing this permeability factor.11,30 Thus, our un-
derstanding of INS pathogenesis has dramatically
improved during the past decade based on the identi-
fication of some potential glomerular permeability fac-
tors.31 In this setting, the putative benefits of apheresis
observed in some patients might involve the removing
of some potential relevant circulating factors including
anti-nephrin antibodies,32 circulating anti-CD40 anti-
bodies that may act synergistically with soluble uro-
kinase plasminogen activator receptor to drive
glomerular injury,33 or autoantibodies against carboxy-
terminal hydrolase L1 ubiquitin (UCHL1), a cytosolic
enzyme expressed by podocytes.34 Nevertheless, in our
study, accurate mechanisms supporting the improve-
ment with apheresis remain to be determined. Saleem5

recently proposed a new classification of INS based on
underlying molecular mechanisms: monogenic disease
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versus immune-mediated INS. In our study, the
sequencing of target genes involved in SRNS yielded
negative results in all cases tested (47.4% of patients
with SRNS were tested). In addition, a broad spectrum
of etiologic agents or associated conditions has been
reported in association with secondary forms of FSGS,35

but it is not always easy for clinicians to distinguish
between primary and secondary FSGS.36 In our study,
we cannot rule out the possibility that some of the
patients diagnosed with FSGS had a secondary form of
FSGS. As also reported by Sethi et al.,36 all our patients
with FSGS diagnosis displayed nephrotic syndrome at
disease onset, suggesting a primary, rather than a sec-
ondary form of FSGS. Moreover, all patients underwent
extensive screening for potential confounding causal
agents. One patient tested positive for antibodies
against parvovirus 19, which has been identified as a
secondary cause of FSGS.37 Two additional patients of
African ancestry tested positive for 2 APOL1 risk al-
leles known to constitute a major genetic risk factor for
developing FSGS, regardless of etiology.38 It has been
suggested that high-risk APOL1 genotypes do not
modify the response to immunosuppression.39 Finally,
extensive screening for secondary causes was per-
formed in all patients displaying a deep nephrotic
syndrome, and one-third of patients went into remis-
sion on apheresis. These findings suggest that INS was
due to an immune-mediated mechanism rather than a
secondary process.

We found that 3 of the 7 patients (42.9%) for whom it
was necessary to initiate dialysis before apheresis ach-
ieved remission. Dialysis at the time of apheresis was,
therefore, associated with a greater likelihood of remis-
sion. An Italian study suggested that significantly
altered renal function at the time of initial management
has no effect on the response to steroids.40 Previous
studies found that AKI during MCNS is a frequent, but
reversible process,41 whereas CKD is common in FSGS
(30%–45% of cases at presentation).9 Feld et al.27 sug-
gested that the use of plasmapheresis to treat FSGS
recurrence on the graft may stabilize renal function. We
found that the success of apheresis was associated with
better renal outcomes (CKD stage IV–V in 29% of pa-
tients in the remission group vs. 50% for patients
without remission). This finding is consistent with the
report by Terada et al.42 of efficacy for early additional
LDL-apheresis in patients with nephrotic syndrome due
to MCNS developing AKI requiring dialysis.

We found that a marked decrease in proteinuria
without complete remission on treatment with corti-
costeroids and at least 1 immunosuppressive drug was
associated with a higher likelihood of remission. This
parameter may be important for selecting the patients
most likely to benefit from apheresis. By contrast, the
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patients who did not achieve remission in our study
had a high risk of end-stage kidney disease in the short
term. These findings are consistent with previous data
showing that patients displaying partial or complete
remission from nephrotic syndrome have better renal
outcomes concerning the risk of CKD progression.43 It
is possible that the relative decrease in proteinuria on
corticosteroids and/or immunosuppressive agents re-
flects the immunological activity of the underlying
glomerular disease, and the possibility of improving
proteinuria by removing potential circulating factors.

In our study, older age was associated with a greater
likelihood of remission. Colliou et al.44 showed that
85% of patients developing INS after the age of 60
years have a complete or partial renal response on
corticosteroids and/or immunosuppressive regimens. In
the POLARIS (Prospective Observational Survey on the
Long-Term Effects of LDL Apheresis on Drug-Resistant
Nephrotic Syndrome) study, Muso et al.15 found no
effect of age on outcome, whereas previously published
case studies reported remission from INS after apheresis
in patients younger than 50 years.12–14 Our data sug-
gest that, regardless of the patient’s age, intensive
rescue therapy by apheresis should be considered in
patients with INS.

Our study has several limitations. First, this study
was retrospective, with a long inclusion period, and
suffers from the limitations inherent to this type of
approach. It may not, therefore, be representative of all
refractory INS cases diagnosed in France during the
period study. Second, the limited size of the total study
population results in a low power for the statistical
analyses comparing the remission and no-remission
groups. Third, several types of apheresis with
different protocols were used, and there was no control
group. Fourth, genetic testing for SRNS was performed
in 9 patients, and we cannot exclude the possibility
that underlying genetic causes were missed. Of note, all
19 adult patients included in our study with SRNS had
an apparent sporadic form of INS. However, until
recently, genetic screening was not routinely per-
formed in adult patients in the absence of known
family history of steroid-resistant INS. Fifth, electron
microscopy analyses are not routinely performed at
French nephrology centers. In patients with MCNS,
light and immunofluorescence microscopy findings
were highly suggestive of this diagnosis, but differ-
ential diagnoses could not be definitively ruled out. In
addition, we were unable to investigate the character-
istics of podocyte foot process to potentially discrimi-
nate primary versus maladaptive FSGS. Finally, we
observed a significant difference in median follow-up
between patients in remission and patients without
remission potentially due to the follow-up of patients
2142
without remission being stopped when chronic renal
replacement therapy was started.

In conclusion, our study shows, for the first time,
that apheresis (at least for PE and IA, as only 1 patient
was treated with lipid apheresis) can be an effective
therapeutic option in adult patients with refractory
INS. Apheresis was effective mostly in patients with a
high risk of renal failure in the short term, and in those
with limited sensitivity to treatment (i.e., a marked but
insufficient decrease in proteinuria level). A failure to
achieve remission on apheresis was associated with a
poor renal outcome. Further prospective studies are
warranted to optimize the use of apheresis in adult
patients with refractory INS.
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