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Abstract Focal segmental glomerulosclerosis (FSGS) is an
important cause of glomerular disease in children and adoles-
cents and nearly 50% of affected patients will progress to end-
stage kidney disease over a 5 to 10-year period. Unfortunately,
there is no established treatment for disease in the native kid-
ney. Moreover, up to 55 % of patients develop recurrent dis-
ease after receiving a kidney transplant, with a substantially
higher risk in patients who have already experienced recurrent
disease in a prior transplant. A number of clinical and labora-
tory factors have been identified as risk factors for this com-
plication. In addition, new investigations into podocyte biol-
ogy and circulating permeability factors have shed light on the
cause of recurrent the disease. While a number of novel ther-
apeutic agents have been applied in the management of this
problem, there still is no proven treatment. In this review, we
summarize recent advances in the epidemiology, pathophysi-
ology, and treatment of recurrent FSGS in pediatric patients
who have received a kidney transplant.
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Introduction

Primary focal segmental glomerulosclerosis (FSGS) is an in-
creasingly common cause of end-stage kidney disease
(ESKD). The incidence of this glomerulopathy is rising in
children and adults and the disorder accounts for up to 10 %

of patients of all ages who require renal replacement therapy
[1]. Although kidney transplantation is the preferred approach
to the treatment of ESKD, children with FSGS deserve special
attention because there is a risk of recurrent disease and loss of
the allograft. Although the risk is not high enough to contra-
indicate the procedure in patients with FSGS who are being
evaluated for their first transplant, the likelihood of recurrence
rises substantially in those who developed FSGS after the first
procedure. In many cases, there is a reluctance to offer a sec-
ond or third allograft to these unfortunate patients and they
may be consigned to a life on maintenance dialysis. This ob-
servation underscores the need to improve our understanding
of the pathophysiology of recurrent FSGS and develop new
therapies to treat this serious complication in transplantation.
There have been several excellent reviews on this topic that
have been published recently [2]. In this article, we provide an
updated summary of material on the epidemiology and man-
agement of recurrent FSGS that is relevant to pediatric pa-
tients with special emphasis on publications that have ap-
peared in the last 10 years.

Epidemiology

Overall incidence The diagnosis of recurrent FSGS is usually
based on the detection of nephrotic-range proteinuria in a pa-
tient that previously had a normal urinalysis after transplanta-
tion. There are cases of immediate recurrence of FSGS in
which the child develops heavy proteinuria immediately
post-transplantation without ever having a normal urinalysis.
Although there can be biopsy findings consistent with the
primary disease, the renal histopathology early in the course
of recurrent FSGS may show only diffuse effacement of
podocyte foot processes without the classical segmental scle-
rosis of glomeruli [3]. This may reflect the rapid onset of
disease post-transplantation as opposed to more prolonged
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prodromal phase in native kidneys. Newer tissue markers are
being identified to characterize recurrent FSGS including en-
hanced immunohistochemical staining for CD44 in
podocytes, a biomarker of epithelial cell activation [4].

As depicted in Table 1, recent studies place the incidence
of recurrent FSGS in the range of 6–55 %, with large varia-
tion between individual case series. However, in two studies
that included only pediatric patients or provided separate data
for children, the overall incidence was reported to be 43 and
55 % [5, 6]. The review by Huang et al. [7] represents one of
the largest reports regarding recurrent FSGS and described a
much lower incidence of recurrence FSGS compared to other
studies (6 %). It is unclear why the results of this study differ
from nearly all other reports and may relate to the duration of
the follow-up observation period. In addition, the stringency
of the criteria used to make the diagnosis of FSGS in the
native kidneys and recurrent disease in the allograft can alter
the interpretation of the data. The authors acknowledge that
detailed information about clinical and laboratory findings
prior to transplant is not available for patients in the database
that was used [7]. Hickson et al. [5] provided data for the
incidence of recurrent disease for both a clinically based di-
agnosis of primary FSGS compared to biopsy-proven diagno-
sis and found the incidence to increase drastically from 55 to
75 % [3]. The majority of studies reported an incidence closer
to 25 %; however, these included pediatric and/or adult pa-
tients [8–11]. Trend analysis of data compiled by the United
Network for Organ Sharing (UNOS) over the period from
1988–2008 showed an increase in cases of recurrent FSGS
by 5.8 % per year [12]. Maas et al. [13] have recently reported
that recurrent disease only occurs in patients with idiopathic or
primary FSGS (28 out of 66, 42 %) and not in those with
genetic or secondary causes of the glomerular disease. In this
case series, a lower serum albumin concentration, a higher
glomerular filtration rate (GFR), and acute rejection episodes
were associated with a higher risk of recurrent FSGS. HLA
mismatching is not a risk factor for recurrent FSGS [14].

Incidence—effect of age and gender Younger ages of the
transplant recipient and rapid progression to ESKD necessi-
tating kidney transplantation have been associated with in-
creased recurrence [15]. All three studies with data regarding
patient age that are presented in Table 1 are consistent with
this trend, though the age range varies from study to study.
Whereas prior studies compared incidence above and below a
single age, Huang et al. [7] provide data for those with an age
less than 12, from 13–17, and those older than 18, which
follows the previously reported trend of an inverse relation-
ship between patient age and likelihood of recurrence [7].
Three studies report data regarding gender and all found an
increased incidence in females. Sener et al. [10] found a sta-
tistically significant difference with only one male compared
to 50 % of females having recurrent FSGS. The gender T

ab
le
1

In
ci
de
nc
e
of

re
cu
rr
en
tf
oc
al
se
gm

en
ta
lg

lo
m
er
ul
os
cl
er
os
is
(F
SG

S)

A
ut
ho
r

Y
ea
r

O
ve
ra
ll

M
F

A
A

N
on
-A

A
A
ge

L
R
D

D
D

M
aa
s
20
13

[1
3]

30
%

(2
8/
94
)

31
%

(1
6/
51
)

28
%

(1
2/
43
)

21
%

(4
/1
9)

32
%
(2
4/
75
)

N
eh
us

20
13

[1
2]

15
%

(3
27
/1
,8
30
)

12
%

(1
94
/1
,2
05
)

14
%

(1
33
/9
52
)

13
%

(9
5/
73
6)

16
%

(2
32
/1
,4
21
)

1–
10

yo
:1

9
%

(9
7/
50
3)

11
–2
0
yo
:

14
%

(2
30
/1
,6
54
)

17
%

(1
56
/8
99
)

14
%

(1
71
/1
,2
58
)

H
w
an
g
20
12

[8
]

32
%

(1
9/
60
)

29
%

(1
0/
35
)

36
%

(9
/2
5)

<
16

yo
:2

7
%

(1
1/
41
)
>
/

16
yo
:4

2
%

(8
/1
9)

31
%

(1
3/
42
)

33
%

(6
/1
8)

Sh
ar
ie
f
20
11

[1
4]

39
%

(1
9/
49
)

33
%

(9
/2
7)

45
%

(1
0/
22
)

43
%

(1
0/
23
)

35
%

(9
/2
6)

38
%

(8
/2
1)

39
%

(1
1/
28
)

Sc
ha
ch
te
r
20
10

[9
]

23
%

(1
5/
66
)

16
%

(6
/3
7)

31
%

(9
/2
9)

10
%

(2
/2
1)

29
%

(1
3/
45
)

23
%

(1
2/
52
)

21
%

(3
/1
4)

H
ic
ks
on

20
09

[5
]

55
%

(6
/1
1)

41
%

(9
/2
2)

63
%

(5
/8
)

10
0
%

(2
/2
)

43
%

(1
2/
28
)

48
%

(1
3/
27
)

33
%

(1
/3
)

Se
ne
r
20
09

[1
0]

23
%

(5
/2
2)

7
%

(1
/1
4)

50
%

(4
/8
)

50
%

(4
/8
)

7
%

(1
/1
4)

M
ah
es
h
20
08

[6
]

43
%

(1
6/
37
)

39
%

(7
/1
8)

47
%

(9
/1
9)

41
%

(7
/1
7)

45
%

(9
/2
0)

H
ua
ng

20
04

[7
]

6
%

(3
6/
62
0)

5
%

(1
3/
25
8)

6
%

(2
3/
36
3)

2–
12

yo
:9

%
(1
8/
19
4)

13
–1
7
yo
:6

%
(1
3/
21
8)

18
–2
1
yo
:5

%
(5
/1
11
)

10
%

(2
7/
27
1)

3
%

(9
/3
49
)

A
A
A
fr
ic
an

A
m
er
ic
an
,D

D
de
ce
as
ed

do
no
r,
F
fe
m
al
e,
LR

D
liv

in
g
re
la
te
d
do
no
r,
M

m
al
e,
yo

ye
ar
s
ol
d

1794 Pediatr Nephrol (2015) 30:1793–1802



difference in the other two studies is not as striking, but they
still report a 29 and 41 % incidence in males and a 36 and
63% incidence in females [5, 8]. Hwang et al. [8] provide data
for the gender of the donor and found a comparable incidence
of 36%with a female donor versus 29%with amale donor. In
a recent analysis of data from UNOS over the period 1988–
2008 that included 2,157 pediatric kidney transplant recipients
(age 1–20 years), young age was associated with an increased
risk of recurrent FSGS [12].

Incidence—effect of recipient race African Americans show a
lower incidence of recurrence compared to other races/ethnic-
ities, namely, Caucasian, Hispanic, and Asians [6, 7, 9]. This
is supported by nearly all studies summarized in Table 1 that
include data on race/ethnicity. A heightened risk of recurrence
in white children was also documented in a recent review of
UNOS data over the 20-year period of 1988–2008 [12]. The
report by Hickson et al. [5] is discordant. However, only two
African Americans who required a kidney transplant second-
ary to FSGS were included in that study. The incidence rate
for non-African Americans patients ranged from 25 to 43 %.
This is at variance with the study of Huang et al. [7], which
reported low rates of recurrent FSGS for nearly all groups.
This study did describe an increased incidence in non-
African American patients.

Incidence— l iving-related versus deceased-donor
transplant A multivariate analysis of data from UNOS from
1988 to 2008 failed to identify living-related donation as an
independent risk factor for recurrent FSGS post-kidney trans-
plantation [12].

Outcomes Recurrent FSGS can lead to early graft failure.
In addition, it can spontaneously resolve without treat-
ment. In the series of patients reported by Schachter
et al. [9], recurrent FSGS increased the occurrence of
death or ESKD from 12 to 27 %. Similarly, in a review
of 2,687 adolescents with a kidney transplant enrolled in
the North American Pediatr ic Renal Transplant
Collaborative Study (NAPRTCS) database between 1987
and 2001, of whom 338 had primary FSGS, recurrent
FSGS accounted for 15 % of all graft failures (17 % in
recipients of living related donor kidneys and 14 % in
recipients of deceased donor kidneys) [16]. Recurrent
FSGS resulted in a loss of the expected living-donor graft
survival advantage [16]. In contrast, Sener et al. [10]
found no adverse effect of recurrent disease on allograft
survival in patients with FSGS. A similar finding was also
reported by Jungraithmayr in a series of 86 pediatric pa-
tients [11]. Thus, although the short-term course may be
impacted by recurrent FSGS, this complication should be
treated aggressively because it is not uniformly associated
with adverse long-term outcomes.

Pathogenesis

Cases of primary FSGS can be hereditary or truly idiopathic in
nature. The cause of the primary disease greatly impacts on
the likelihood of recurrent disease after transplant.

Genetic factors—NPHS2 (podocin) Many genes have been
found to play a role in hereditary FSGS. Using next-
generation sequencing to test for all known loci, nearly 30 %
of children with steroid-resistant nephrotic syndrome and
FSGS have a genetic cause for their disease [17]. Typically,
patients with hereditary forms of disease exhibit significantly
lower rates of recurrence compared to those with non-genetic
primary disease. In fact, in some series, none of the patients
with FSGSwho had a causative genetic mutation responded to
immunosuppressive treatment for disease in their native kid-
ney but had minimal likelihood of recurrence in the allograft
[18].

The gene coding for podocin, NPHS2, located on chromo-
some 1q25-31, has been the focus of many studies of recurrent
FSGS because it is one of the most common genetic causes of
primary disease [16, 17]. Podocin is a slit-diaphragm protein
that interacts with nephrin [19, 20]. Patients who are homozy-
gous for a mutation represent the most common genetic cause
of familial autosomal recessive steroid-resistant nephrotic syn-
drome (SRNS). These patients rapidly progress to ESKD but
have a very low incidence of recurrent disease. Jungraithmayr
et al. [21] found no recurrence of disease after transplant in
patients homozygous or compound heterozygous for the
NPHS2 mutation, compared to recurrence in nearly half of
all patients without the mutation. This is consistent with re-
ports published by Weber et al. [22] and Ruff et al. [23].
Bertelli et al. [24] found no difference between those with or
without mutations but failed to separate patients who were
homozygous for podocin mutations from those who were het-
erozygous in their analysis. Only two patients out of 14 who
were homozygous had recurrent disease. It has been hypoth-
esized that the homozygous patients who do develop recurrent
FSGS have autoantibodies against non-mutated podocin;
however, to date, these antibodies have not been detected in
the circulation. NPHS2 testing may play a valuable role
predicting recurrence of disease, especially distinguishing be-
tween homozygotes from heterozygotes and those without
mutations.

It is still unclear what impact a single NPHS2 mutation has
on recurrence of FSGS after transplantation. Weber et al. [22]
concluded that patients with two mutations presented with
early onset disease and low recurrence rate (3 %) and those
with heterozygous mutations presented with more mild, late-
onset disease with an increased likelihood of recurrence
(34 %). These patients may have another mutation, such as
in Nephrin (NPHS1) which could be just one of many poten-
tial modifiers changing the disease course and influencing the
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risk of recurrence, which requires further study. The R229Q
polymorphism may be involved in the pathogenesis of FSGS
but does not appear to be useful in predicting recurrent disease
[25]. In general, patients with FSGS and a causative genetic
mutation have minimal risk of recurrent disease. This distinc-
tion can be made on clinical grounds. Thus, in a recent study,
patients with FSGSwho had initial steroid responsiveness that
evolved to secondary steroid resistance had a high risk of
recurrent disease. In contrast, patients with initial steroid re-
sistance were more likely to have a genetic cause of FSGS and
a significantly lower likelihood of developing recurrence post-
transplant [26].

Circulating permeability factor—suPAR A circulating perme-
ability factor(s) has long been implicated in the development
of primary FSGS [27]. Alternatively, the causative insult lead-
ing to glomerular dysfunction and proteinuria in patients with
FSGS may be a factor which inhibits the circulating perme-
ability factor and which is absent in patients who exhibit pri-
mary disease. This allows the circulating permeability factor
to act unopposed and cause damage to the glomerular base-
ment membrane (GBM).

Some have hypothesized that these circulating factors also
cause post-transplant recurrence of FSGS. The detection of
podocyte foot process effacement within minutes of donor
kidney reperfusion in patients who develop recurrent FSGS
is strong evidence in support of a circulating factor [28].
Shaloub originally postulated that the circulating permeability
factor(s) would be a T cell-derived mediators which is toxic to
the GBM [29]. Further biochemical characterization of this
putative permeability factor suggests that the molecule is an-
ionic, has a lowmolecular weight, and interacts with protein A
and galactose [30–32]. It has been hypothesized that this fac-
tor may exert its influence by interacting with nephrin and
podocin, altering phosphorylation in podocytes, altering ser-
ine proteases, inducing integrin-like kinase activity, and
inhibiting synthesis of NO [32–36].

Much recent work has identified suPAR, soluble
urokinase-like plasminogen activator receptor, as a circulating
factor that may cause FSGS. Wei et al. [37] found that suPAR
is elevated in nearly two-thirds of patients with primary FSGS
and that a higher pre-transplant level correlates with increased
risk of recurrence. suPAR-mediated activation of β3 integrin
is the putative mechanism of action of this molecule. A
follow-up study reported elevated serum suPAR levels in 55
and 84 % of patients with primary FSGS in two well-
described cohorts compared to 6 % of controls [38].
Elevated levels of suPAR were noted in patients with an
NPHS2 mutation. In addition, lower levels were associated
with male sex and increased estimated GFR [38]. Findings
in other cohorts have raised questions about the role of
suPAR in the pathogenesis of proteinuria, its ability to dis-
criminate FSGS from other forms of primary glomerular

disease, and its predictive value in identifying recurrent dis-
ease post-transplant [39–41]. Additional studies are needed to
determine the role of this specific molecule in primary FSGS
in native kidneys and recurrent disease in renal allografts.

High suPAR levels in the circulation were linked to recur-
rent FSGS post-transplantation [37]. Podocyte foot process
effacement, the initial histological sign of recurrent FSGS,
correlates with circulating suPAR levels at the time of diagno-
sis [42]. Enhanced urinary excretion of suPAR may be more
predictive of recurrent FSGS than an elevated serum concen-
tration of the mediator [43]. Finally, suPAR may interact with
other molecules to trigger proteinuria and recurrent FSGS. In a
study of 64 patients with primary and secondary FSGS, a
panel of seven antibodies had a 92 % accuracy in predicting
recurrent disease and of the seven, anti-CD40 antibody had
the highest correlation with recurrent disease. While suPAR
alone did not cause proteinuria in normal mice, co-
administration of suPAR and anti-CD40 antibody provoked
podocyte injury and proteinuria [44]. This important observa-
tion suggests that circulating factors like suPARmay be prom-
inent contributors to a multi-hit process that culminates in
recurrent FSGS.

Treatment

Standard medical care Conservative regimens for the treat-
ment of recurrent FSGS center on administration of
angiotensin-converting enzyme inhibitors and/or angiotensin
receptor blockers alone or in combination with calcineurin
inhibitors. Use of these agents in a fashion that is often applied
to manage primary FSGS in the native kidney has not proven
widely successful in recurrent FSGS in the transplant setting.
As a result, there is interest in the use of other treatments that
intensify immunosuppression, notably plasmapheresis and bi-
ological antibodies (e.g., rituximab), often coupled with pulse
corticosteroids and calcineurin inhibitors. Recent reports indi-
cate that up to 70 % of pediatric patients with recurrent FSGS
can achieve a complete remission and stabilization of kidney
function for up to 10 years in response to a combination of
cyclosporine and pulse intravenous methylprednisolone [45].
Drugs that interfere with the renin–angiotensin axis and a
calcineurin inhibitor may be added to the therapeutic regimen
in patients who fail to respond adequately to plasma exchange
or rituximab.

Plasmapheresis Plasma-based treatments, primarily plasma-
pheresis, have been used as a first-line treatment for FSGS
and for recurrent FSGS after transplantation for nearly 20 years
[5, 46–59]. The results of select studies performed since the
year 2000 with larger numbers of patients are summarized in
Table 2.
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Although plasmapheresis is the most established treatment
for recurrent FSGS, there are few randomized controlled stud-
ies of its use and most reports have been retrospective reviews
of experience at a single center, usually without control sub-
jects. Despite this, plasmapheresis continues to be considered
the standard of care.

When reviewing results of the more recent literature, it is
clear that plasmapheresis is a useful therapy in that it is safe
with minimal side effects and no serious adverse events re-
ported. Based on published reports, plasmapheresis appears to
be moderately effective as prophylaxis against FSGS recur-
rence prior to renal transplantation and as treatment of recur-
rence after transplantation, with a response rate of approxi-
mately 60 %. In general, younger patients may be more re-
sponsive to therapy with plasmapheresis. It can be used as the
sole therapeutic modality with good results. Straatman et al.
[60] documented that plasmapheresis without concomitant
use of immunosuppressive drugs was effective in treating sev-
en out of 29 patients with FSGS who received a kidney trans-
plant and who developed recurrent disease. However, it is
important to recognize that in most series, there is a need for
administration of additional treatment modalities to achieve
remission or significant reduction in proteinuria, given that
approximately 40 % of people affected do not respond to
therapy with plasmapheresis as the sole therapeutic
intervention.

A specific type of pheresis therapy, LDL apheresis with an
absorptive column, which has been used to treat familial hy-
percholesterolemia, has been shown to be effective in a small
series of patients with FSGS [61]. This procedure is FDA
approved for the management of primary and recurrent
FSGS. Further studies are warranted to determine the efficacy
of this therapeutic modality.

Rituximab In recent years, rituximab has been increasingly
utilized as a therapy of last resort in cases of recurrent FSGS
that are refractory to therapy with the more established treat-
ment options. Since the year 2000, numerous case reports and
small studies of the efficacy of rituximab in treating FSGS
have been published [62–78]. The larger case series are

summarized in Table 3. Unfortunately, there are no prospec-
tive or randomized case-controlled studies of rituximab for
recurrent FSGS. The literature to date provides evidence that
rituximab is effective in treating recurrent FSGS. Excluding
all case reports that may have a bias in favor of publication of
good outcomes, studies show a 79 % response rate of recur-
rent FSGS to rituximab. As expected, the response rate in-
creases to 85 % when case reports are included. Pre-clinical
studies demonstrate that rituximab binds directly to
sphingomyelin phosphodiesterase acid-like 3b (SMPDL-3b)
protein and regulates acid sphingomyelinase activity in the
podocyte. Rituximab treatment in 27 patients with recurrent
FSGS was associated with lower incidence of post-transplant
proteinuria and stabilization of glomerular filtration rate, an
effect that was associated with prevention of SMPDL-3b
sphingomyelinase down-regulation in podocytes [79]. These
exciting findings provide strong rationale for this therapeutic
intervention for recurrent FSGS.

The published literature suggests that there is a consensus
regarding the appropriate use of rituximab, evidenced by the
overlapping dosing regimens in the reports. However, the
question of rituximab dosing should be considered open, es-
pecially in view of a recent case report documenting effective
treatment of recurrent FSGS with a single 100-mg dose of the
antibody [80]. An additional concern with the use of rituximab
is the side-effect profile. Only one study reported significant
adverse effects from rituximab. While the effects reported
were serious, only 7.5 % of patients treated had an adverse
reaction, and all of these were within the same study [78].

Based on the data from existing studies, it appears that
rituximab is a useful treatment for recurrent FSGS; however,
randomized case-controlled studies are still needed to
strengthen these results. It is important to consider the impact
of selection and publication bias in the literature reported
above. Most of the patients described in the literature have
usually been treated with multiple different medications, mak-
ing it difficult to parse out the treatment effects of specific
drugs, including rituximab. These biases weaken conclusions
that can be drawn from the results of these studies and further
investigation is required in more standardized and rigorous

Table 2 Treatment of recurrent focal segmental glomerulosclerosis (FSGS): Efficacy of plasmapheresis

Author
Year

N P/IM Age PT type # PT Rx Other Rx LRD/DD CR/PR/NR REL SAE

Ohta 2001 [50] 15 P 4.7 PP 2–3 S,A,M.CSA,T 13,2 10/0/5 0 0

Otsubo 2004 [53] 20 P/IM 23 PP 1–5 S,A,M, CSA, MMF NA 13/0/7 NA 0

Hickson 2009 [5] 7 P/IM 25 PP NA S, T, SIR 6 (LUD) 4/1/2 2 CR, 1 PR 0

Gonzalez 2011 [59] 17 P NA PP 1–10 S, CSA, T, MMF NA 8/0/9 2 CR 0

A, azathioprine, CR complete remission, CSA cyclosporine, DD deceased donor, IM internal medicine, LRD living related donor, LUD living unrelated
donor,Mmizoribine,MMFmycophenolate mofetil,NA not available,NR no remission, P pediatric, PP plasmapheresis, PR partial remission,PT plasma
therapy, REL relapse, Rx treatment, S steroids, SAE serious adverse event, SIR sirolimus, T tacrolimus
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clinical protocols. Alternatively, it is conceivable that more
severe, difficult-to-treat cases were included in these studies,
and results might be negatively skewed, underestimating the
true treatment potential of rituximab.

Novel treatments Abatacept (cytotoxic T-lymphocyte-
associated antigen 4-immunoglobulin fusion protein [CTLA-
4-Ig]), a co-stimulatory inhibitor that targets B7-1 (CD80), is
the most recent addition to the available options to treat pa-
tients with recurrent FSGS. There have been isolated case
reports documenting resolution of recurrent FSGS in patients
who received abatacept in doses that have been utilized for the
treatment of systemic lupus erythematosus [81]. However, this
observation has not been replicated by other investigators who
failed to achieve permanent remission in patients with recur-
rent FSGS [82]. Differences in response to abatacept may be
related to variable expression of B7-1 in the glomerulus.
However, because abatacept is a safe drug that has been used
for other indications, it will be essential to evaluate the effica-
cy of this antibody for the treatment of recurrent FSGS in a
randomized clinical trial.

Finally, there have been two recent reports in which infu-
sion of allogeneic mesenchymal stem cells was used to suc-
cessfully stabilize kidney function in children with recurrent
FSGS or prevent this complication [83, 84]. In view of the
high cost and potential serious adverse events associated with

this approach to treat recurrent FSGS, more investigation is
warranted to provide rational for stem cell-based treatments.

Future directions

One key step in improving the diagnosis and treatment of
recurrent FSGS will be to better define the incidence and
epidemiology of this complication. Nearly all of the current
data are derived from single-center retrospective studies. One
approach to enhance the quality of the information about re-
current FSGS would be to establish centralized registries that
would mandate reporting of this serious adverse event and
prospective monitoring of outcomes. If this were integrated
with databases that record demographic and clinical data, it
would facilitate identification of trends in the occurrence of
this complication and factors associated with a higher likeli-
hood of recurrence.

Early diagnosis of recurrent FSGS would assist in prompt
initiation of therapy and potentially improve outcomes.
Although transplant kidney biopsies are often performed to con-
firm the diagnosis, the procedure is invasive and is associated
with significant risk. Moreover, the histopathological findings
may be equivocal and fail to clarify the diagnosis. Although
efforts are ongoing to identify histopathological markers with

Table 3 Treatment of recurrent focal segmental glomerulosclerosis (FSGS): Efficacy of rituximab

Author
Year

N P/IM Age Yr Dose Other Rx CR/PR/NR REL SAE

Benz 2004 [62] 1 P 16 375 mg/m2 X4 S,C,CsA,T NA

Nozu 2005 [63] 1 P 12 375 mg/m2 X4 NA NA

Pescovitz 2006 [64] 1 P 7 375 mg/m2 X6 S NA

Hristea 2007 [65] 1 IM 22 375 mg/m2 X2 PT,C NA

Kamar 2007 [66] 1 NA NA 375 mg/m2 X2 PT,C NA

Grossman 2007 [67] 1 IM 48 375 mg/m2 X2 PT,S,MMF,T PR 0 0

Meyer 2007 [68] 1 IM 29 375 mg/m2 X3 PT,S,MMF,T PR 0 0

El-Firjani 2008 [69] 1 IM 46 375 mg/m2 X6 PT 0

Yabu 2008 [70] 4 IM 41–47 375 mg/m2 X6 PT,MMF 0/0/4 NA 0

Hickson 2009 [5] 4 P 5–19 375 mg/m2 X2-4 PT,S,C,CSA,T, MMF,B 4 0

Shimizu 2010 [71] 1 P 20 375 mg/m2 X2 LCAP No 0

Grenda 2011 [72] 1 P 5 375 mg/m2 X4 PT,S,CSA CR 0 0

Sethna 2011 [73] 4 P 13–18 375 mg/m2 X4 PT,S,C,CSA,MMF 3/1/0 2 0

Tsagalis 2011 [74] 4 IM 21–48 1000 mg X2 C,PT,S,C,CSA,MMF 2/2/0 1 0

Okamoto 2011 [75] 1 P 15 200 mg X2 PT,S,T,M PR 0 0

Stewart 2011 [76] 1 P 16 375 mg/m2 X4 PT,S,MMF,T,CSA CR 0 0

Audard 2012 [77] 4 IM 28–43 375 mg/m2 X1-2 S,MMF,T 4/0/0 0 0

Kumasi 2013 [78] 8 NA Amount NA X1-4 PT 2/4/2 0 Yes

B basiliximab, C cyclophosphamide, CR complete remission, CSA cyclosporine, IM internal medicine, LCAP lymphocytapheresis,Mmizolibine,MMF
mycophenolate mofetil, NA not, available, NR no remission, P pediatric, PR partial remission, PT plasma therapy, REL relapse, S steroids, SAE serious
adverse event, T tacrolimus
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greater sensitivity and specificity for recurrent FSGS, this line of
investigation would not eliminate the need for performance of a
biopsy. Thus, it would be preferable to develop non-invasive
urinary or serum tests that could expedite the diagnosis of recur-
rent disease. Recent reports have documented that a urinary–cell
mRNA profile can improve the diagnosis of acute cellular rejec-
tion in kidney transplant recipients [85]. Improved understand-
ing of the pathophysiology of recurrent FSGS may enable the
development of a urine test that would be designed to specifi-
cally establish the diagnosis of recurrent disease in patients with
primary FSGS who receive a kidney transplant.

Because of the limited armamentarium of drugs that are
effective in the treatment of FSGS in the native kidney, it is
no surprise that there are few options in patients with recurrent
disease. It is likely that improvements in the treatment of re-
current disease will follow in the footsteps of advances in the
management of the disease in the native kidney. The potential
role of suPAR in the pathogenesis of both types of FSGS
represents a viable target for therapeutic intervention. Protein
A immunoadsorption columns are ineffective in reducing
suPAR levels in patients with recurrent FSGS and therefore
new modalities will be needed to accomplish this if suPAR is
confirmed to play a central role in this complication [86].

In view of the primary role of the podocyte in the appear-
ance of proteinuria in patients with primary FSGS, it is imper-
ative to clarify the molecular biology of podocyte dysfunction
in patients with recurrent FSGS in the expectation that this
will allow novel agents to be developed that reverse disease-
associated abnormalities. However, additional work will be
required to ascertain if agents are effective for the control of
FSGS in the native and transplanted kidney. For example, the
impact of genetic mutations in podocyte proteins and other
modifier genes will need to be carefully assessed. It is clear
that multicenter clinical trials will be required to assess the
efficacy of potential treatments and it is hoped that a self-
sustaining network of high-quality clinical sites can be
established and maintained in order to foster timely perfor-
mance of these urgently needed studies.
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Questions (Answers are provided following the reference
list)

1. Which of the following clinical features has been associ-
ated with an increased risk of recurrent FSGS after kidney
transplantation?
a. Young age
b. HLA mismatch
c. Male gender
d. Black race

2. Which of the following factors is associated with a lower
likelihood of recurrent FSGS post transplantation?
a. Primary steroid resistance
b. Secondary steroid resistance
c. Prior use of calcineurin inhibitors
d. Prior use of rituximab

3. The reported epidemiology of recurrent FSGS is MOST
affected by which of the following?
a. Underreporting by patients
b. Lack of standardized definition of recurrent FSGS
c. Lack of graft biopsies for accurate diagnosis
d. Underreporting by providers

4. In patients with recurrent FSGS, response to rituximab
has been associated with expression of which of the fol-
lowing proteins?
a. Podocin
b. CD20
c. B7-1
d. sphingomyelin phosphodiesterase acid-like 3b
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Answers:

1. Correct answer: a
Only young age and no other clinical or immunological markers

have been associated with a higher risk of recurrent FSGS.
2. Correct answer: a

Primary steroid resistance is suggestive of a genetic cause of
FSGS and is associated with a lower risk of recurrent FSGS. In
contrast, initial steroid responsiveness that evolves into late steroid
resistance is indicative of a potential immune-mediated mechanism
of disease that is associated with a higher risk of recurrent disease.
The response pattern to other drugs is not useful in predicting re-
current FSGS post-transplantation.

3. Correct answer: c
The gold standard for diagnosis of recurrent FSGS is renal

biopsy. The epidemiology of recurrent FSGS is difficult to ascer-
tain, and may be over or underestimated, given that biopsies are
often not performed. Patients often do not have baseline biopsies,
and so differentiating between de novo FSGS and recurrent FSGS
can be very difficult. Adding to the problem, biopsies can be chal-
lenging to interpret, as patients can have more than one type of
pathology at the same time.

4. Correct answer: d
Podocyte expression of SMPDL-3b has been shown to be a

target for rituximab and correlates with a clinical response, namely
reduction in proteinuria. CD20 is expressed on VB cell and has not
been linked to efficacy of the antibody in patients with recurrent
FSGS. Podocin is an important genetic cause of FSGS but its ex-
pression is not effected by rituximab. B7.1 is the target of abatacept
treatment and does not bind rituximab
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