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N
ephrotic syndrome is charac-
terized by nephrotic-range

proteinuria, hypoalbuminemia,
edema, and hyperlipidemia. In the
absence of systemic diseases such
as diabetes mellitus, systemic lupus
erythematosus, or amyloidosis, kid-
ney biopsy samples predominantly
show minimal change disease
(MCD) or focal segmental glomerulo-
sclerosis (FSGS). These primary
glomerular disorders, which should
more accurately be identified as his-
tologic patterns of injury rather than
as diagnoses, are themselves hetero-
geneous in etiology, with unclear
underlying pathogenesis. A complex
interplay among genetic suscepti-
bility and environmental, hemody-
namic, and immune-mediated
influences ultimately culminate in
podocyte injury and disruption of
the glomerular filtration barrier,
which can lead to progressive dete-
rioration in kidney function.

The glomerular filtration barrier
consists of fenestrated endothelial
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cells, the glomerular basement
membrane, and podocytes.
Although proteinuria can result
from injury to any of these com-
ponents, podocytes have been
identified as the key target cell for
injury across the spectrum of pro-
gressive glomerular disease. Semi-
nal studies by Wiggins et al. have
shown that the loss of more than
40% of podocytes in a rodent
model led to sustained heavy pro-
teinuria and decreased kidney
function.1 However, the patho-
genesis of podocyte injury in pro-
teinuric conditions remains poorly
understood. The high recurrence
rate of FSGS posttransplantation as
well as the elegant case report2 of
resolution of posttransplantation
FSGS when the allograft was re-
transplanted in a diabetic kidney
disease patient, strongly suggests a
role for circulating factor(s) in
disease pathogenesis. Putative
causative factors such as the
urokinase-type plasminogen acti-
vator receptor (uPAR) and its sol-
uble form (suPAR) have been
widely studied. Anti-CD40 anti-
body, apolipoprotein A-I, CLCF1,
and active proteases have also been
explored as candidate circulating
factors.3
2019
More than 50 genes have been asso-
ciated with FSGS and idiopathic
nephrotic syndrome, and they are
more prevalent in the pediatric
population than in adults. Second-
ary etiologies include those due to
maladaptive changes, medications/
toxins, and viral infections.
Complicating this classification is the
identification of overlapping con-
tributors such as suPAR, HIV, and
SARS-COV-2 infection influencing
disease susceptibility in patients
with high-risk APOL-1 alleles.4,5

Ideally, the appropriate treat-
ment of MCD, FSGS, and nephrotic
syndrome would entail a precision-
based approach, with tailored
therapy directed at the underlying
cause (Figure 1). Maladaptive dis-
ease and, some would argue, all
etiologies should be treated with
renin�angiotensin system
blockade, with increasing justifi-
cation for adding a sodium glucose
co-transporter inhibitor. Disease
due to circulating factors would be
best treated with approaches that
include corticosteroids, immuno-
modulatory agents, plasmaphe-
resis, or immunoadsorption. Some
diseases due to monogenic etiol-
ogies such as those implicated in
coenzyme Q10 biosynthesis offer a
path to personalized treatment
and may respond to oral coen-
zyme Q10 supplementation.6 Pa-
tients with monogenic steroid-
resistant nephrotic syndrome
have a poor response to immuno-
suppressive therapy but also a
lower risk of disease recurrence
posttransplantation.

Although genetic testing panels
are becoming more widely available,
it is still difficult clinically to distin-
guish patients who have a genetic
versus an immunologic basis for
their disease. Assays to identify pa-
tients with disease due to circulating
glomerular permeability factors are
currently unavailable. Treatment
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Figure 1. Idiopathic nephrotic syndrome is typically represented histologically as minimal
change disease or focal segmental glomerulosclerosis. As diagnostic and therapeutic capa-
bilities expand, treatment strategies for maladaptive etiologies could be considered baseline
across the spectrum. Apheresis therapy in combination with immunosuppression would most
likely benefit patients with “primary” disease. Targeted therapeutics may be optimal for
monogenetic disease, whereas cessation of offending agents and treatment of underlying
infection would be the optimal approach for medication-related and infection-related disease,
respectively. FSGS, focal segmental glomerulosclerosis; NS, nephrotic syndrome; RAS,
renin�angiotensin system; SGLT2i, sodium-glucose cotransporter 2 inhibitors.
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algorithms to date still largely
recommend a less-than-desirable
generalized approach based on age,
clinical presentation, histologic find-
ings, and clinical course. Corticoste-
roids are first-line agents, initiated
before kidney biopsy in children less
than12yearsof age. Inadults, steroids
are recommended after kidney biopsy
for MCD and FSGS, where complete
and partial remission rates are typi-
cally less than 30%.7 Some patients
are steroid dependent, requiring high
doses for extended periods, whereas
other patients are defined as steroid
resistant. Patients who fail to respond
to steroids are treated with other
immunosuppressive agents such as
calcineurin inhibitors, mycopheno-
late mofetil, and rituximab.

The contribution of circulating
factors to nephrotic syndrome path-
ogenesis has raised interest in extra-
corporeal therapies such as plasma
exchange, immunoadsorption, and
low-density lipoprotein apheresis.8

Plasma exchange has been the most
widely studied, although random-
ized controlled study data are largely
unavailable, and reported cases have
2020
invariably shown plasma exchange
use in conjunction with other
immunosuppressive therapy. Semi-
selective immunoadsorption is a
modified plasma exchangewhereby
high-affinity absorption columns
containing specific ligands could
facilitate selective circulating factor
removal. Low-density lipoprotein
apheresis has also been shown to
induce a remission of proteinuria in
some patients with FSGS, by an
unclear mechanism, when used in
conjunction with immunosuppres-
sive therapy.

Published data regarding the effi-
cacy and safety of extracorporeal
therapy in native kidney disease
have been lacking, with conflicting
reports regarding efficacy, optimal
treatment protocols, and concomitant
medications. In this issue of KI Re-
ports, Moret et al. examine the out-
comes of adult patients who received
apheresis treatment for biopsy-
proven refractory idiopathic
nephrotic syndrome (INS) identified
retrospectively from several centers
in France.9 Patients in this cohort had
either MCD (9 of 21) or FSGS (12 of
K

21). Of the 21 patients identified be-
tween September 1997 and January
2020, 7 (33.3%) achieved remission,
with 4 (57.1%) achieving complete
remission and 3 (42.9%) achieving
partial remission. Patients who were
older and had lower levels of pro-
teinuria and lower GFR at baseline
were more likely to achieve remis-
sion. The authors also found several
factors to be associated with a
response after apheresis treatment,
including dialysis for acute kidney
injury before apheresis, age greater
than 50 years, and a shorter time
(<12 months) between diagnosis and
apheresis, suggesting a potential
early role of apheresis in the treat-
ment of refractory INS.

This studyhas several limitations,
including the small sample size that
was predominantly male, a retro-
spective design, and limited genetic
testing. Multiple extracorporeal
therapy approaches were included
whereby most patients received
plasmaexchangebut others received
immunoadsorption, double filtra-
tion plasmapheresis, low-density li-
poprotein apheresis, or plasma
exchange followed by immu-
noadsorption. There was significant
disease heterogeneity, with 12 pa-
tients having FSGS and 9 patients
MCD. Corticosteroid dosing was
variable, as was the choice of co-
administered immunosuppression.
Nonetheless, the findings provide
useful insight into the management
of treatment resistant INS. The re-
sults show that apheresis may be an
option in a subset of patients.

The findings also highlight the
critical unmet need for better diag-
nostic capabilities to identify pa-
tients with a circulating factor or
factors that increase glomerular
permeability to albumin. In the
absence of validated diagnostic as-
says, a clinicopathologic approach
can be used. These patients typically
haveno familyhistory of proteinuric
kidney disease or detectible patho-
logic variants on advanced genetic
idney International Reports (2021) 6, 2019–2021
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testing with FSGS panels or whole
exome sequencing. They are more
likely to have a low serum albumin
and kidney biopsy samples that show
diffuse podocyte foot process efface-
ment on electronmicroscopy.10 These
individuals, in contrast to those with
secondary or genetic causes for INS,
would be most likely to benefit from
apheresis, andhave thehighest riskof
disease recurrence post-
transplantation. Several questions
remain unresolved, including which
current apheresis approach is supe-
rior for patients with INS. The
optimal timing, composition, and
sequence of administration of
concomitant immunosuppressive
regimens will also need to be deter-
mined in thecontextof future studies.
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