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Summary
FSGS is a lesion, not a disease. The separation into primary FSGS (a result of immunologic-mediated injury) versus
secondary FSGS (related to a variety of causes) is often difficult. Even when this particular issue is carefully
evaluated, the therapeutic implications are not always apparent. Newer literature on both biomarker discovery
and on the genetic basis of FSGS is reviewed in this context. In addition, the thorny implications of obesity as it
relates to the FSGS lesion are discussed. An overall practical algorithmic approach to the management and
treatment of the FSGS lesion that integrates these controversial overlap areas is suggested.
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Introduction
FSGS is the most common primary glomerular histo-
logic lesion associated with high-grade proteinuria
and with ESRD (1). FSGS is a pattern of histologic
injury rather than a disease and can be either prima-
ry or secondary to a variety of underlying processes.
Separation into these two categories of FSGS is not
always easy. There is a significant overlap of clinical
and histologic features making the assignment of
each patient to a single specific category difficult (Figure
1). Some FSGS patients are known to have significant
genetic mutations but still respond to immunosuppres-
sive treatment (2,3). This failure to appreciate the po-
tential for overlap raises the concern that the finding
of such abnormalities will automatically lead to avoid-
ance of immunotherapy. This conundrum of primary
versus secondary FSGS is critical not only for diagnos-
tic but also therapeutic purposes because this decision
virtually drives all subsequent aspects of patient man-
agement. Currently, the best method of separation is
based on pathology (electron microscopy that demon-
strates .80% diffuse foot process effacement is classi-
cally associated with primary FSGS) but the correlation
with the clinical and laboratory parameters, response
to therapy and eventual outcome is imprecise. A recent
detailed, evidence-based FSGS treatment guideline was
published under the auspices of the Kidney Disease
Improving Global Outcomes (KDIGO) organization
and the KDIGO guideline on GN remains a major ref-
erence text (4). However, the guideline begins only af-
ter confirmation that the lesion (and patient) under
discussion represents primary FSGS.

Primary FSGS is usually a progressive disorder with
,5% spontaneous remission and a 50% ESRD rate
over a period of 5–8 years from the time of biopsy in
patients that are either unresponsive to treatment or not
treated (5). Nephrotic-range proteinuria with or without
other features of the nephrotic syndrome is the classic
pattern of presentation of primary FSGS and is seen in
75%–90% of children and 50%–60% of adults. Although
there is evidence of improvement in long-term

outcomes with treatment, large-scale observational
renal replacement registries that focus on causation
indicate a continuing increase in the number desig-
nated as having FSGS (6). It is likely that these diver-
gent observations result from the imprecise classification
of primary versus secondary causes of the lesion. Al-
though primary FSGS is the major focus of this article,
the recognition of the secondary variants and the poten-
tial overlap of the two processes are intrinsic to under-
standing the approach to the current management and
treatment of patients with the FSGS lesion.

Histologic Variants
The most current histologic classification includes

the following variants: classic FSGS (also called FSGS
not otherwise specified [FSGS NOS]), collapsing, tip,
perihilar, and cellular types (7). However, even this
approach, designated the Columbia classification, has
had a variable and at times poor correlation with both
the natural history and therapeutic responsiveness of
FSGS patients (5,8). Classic FSGS (NOS variant) is the
most common variant observed. Prognosis of the cel-
lular variant is intermediate between collapsing and a
classic FSGS (9). Although the collapsing variant of
FSGS is most often associated with HIV infection,
other causes (including idiopathic causes) exist. Of
all of the variants, it still carries the worse prognosis.
Patients with the tip lesion have the most favorable
prognosis and may be more responsive to corticoste-
roid therapy than the other types (10). The perihilar
variant is more commonly associated with secondary
FSGS and is considered to be mediated by an adaptive
response to increased glomerular capillary pressures and
flow rates.
There is an alternative taxonomy proposed for the

podocytopathies that classifies them along two dimen-
sions: histopathology, including podocyte phenotype
and glomerular morphology (minimal change nephrop-
athy, FSGS, diffuse mesangial sclerosis, and collapsing
glomerulopathy), and etiology (11). According to this
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system, FSGS can be classified as idiopathic, nonsyndromic
(genetic), and postadaptive. Despite some distinct advan-
tages, this system has not been as widely accepted or val-
idated compared with the Columbia classification.

Relationship between Steroid-Resistant Minimal Change
Disease and Primary FSGS
Primary FSGS and minimal change disease (MCD) have

many clinical as well as histologic similarities at presen-
tation, making separation into these two categories diffi-
cult. Compounding the clinical complexity is the distinct
possibility of sampling error (i.e., missing the lesion on
biopsy given that the FSGS lesions are by definition focal
and segmental in nature). The common target of injury in
both is the podocyte. The distinction between the two dis-
orders is important given the marked difference in terms
of response to steroid treatment and long-term outcome.
Currently, in the absence of seeing the FSGS lesion, re-
sponse to corticosteroid therapy remains the clinical gold
standard. The problem in distinguishing the two is accen-
tuated by the age of onset of the process. Nephrotic chil-
dren, given the commonness of the MCD diagnosis, are
most commonly treated on a preemptive basis with ste-
roids, whereas nephrotic adults almost always have a bi-
opsy before initiating treatment. This creates a potential
bias to fewer cases of FSGS in children compared with
adults because the steroid-responsive child with FSGS will
not have a biopsy and thus will not be counted in this
histologic category. An earlier, more specific, and sensitive
method of separating primary FSGS from MCD is an area
of active investigation, with the objective to not only iden-
tify the underlying specific pathology but also to gain in-
sight into the pathophysiology of the process. These
inquiries have focused on biomarker discovery as well as
intensive research into the genetic basis of these processes.
New Biomarkers. Recurrent primary FSGS can be asso-

ciated with massive proteinuria within hours of a kidney
transplant. This has given rise to the concept of a perme-
ability factor (or factors) playing a key role in podocyte
injury. Potential permeability factors include hemopexin,
vascular endothelial growth factor, and cardiotrophin-like

cytokine-1 (12–14). Most of these factors have been found
to be neither specific nor sensitive for separating primary
FSGS from MCD. Soluble urokinase plasminogen-type ac-
tivator receptor (suPAR) was recently found in association
with FSGS. SuPAR is a glycosyl-phosphatidylinositol–
anchored three-domain membrane protein that can bind to
several ligands, including urokinase-type plasminogen acti-
vator, vitronectin, or integrins. SuPAR can be further cleaved
to smaller fragments DI and DIIDIII (15). Wei et al. found that
two thirds of patients with primary FSGS had increased
suPAR and those with the highest levels had a greater chance
of recurrence of the disease after transplantation (16). On the
basis of both in vitro and in vivo studies, these investigators
determined that suPAR binds and activates b3 integrin in
cultured podocytes. Because this process is involved in foot
process effacement, these results suggested a potential
mechanistic link to the proteinuria seen in humans with
FSGS.
Elevated suPAR concentrations are known to be increased

in other conditions, including infection, sepsis, and solid tu-
mors, as well as in states of systemic inflammation (17).
SuPAR concentrations are also known to be inversely pro-
portional to renal function, further complicating interpreta-
tion of their levels in patients with renal impairment (18).
The clinical studies carried out to date are summarized in
Table 1. Current testing reports only the sum of suPAR frag-
ments, which potentially obfuscates the importance of the
more active fragments. Currently, whether suPAR plays a
functional role in the immunologic activity in primary FSGS
and whether suPAR is a nonspecific marker remain open
questions and major areas of investigation.

Genetics and FSGS
Genetic defects have been identified in up to two thirds

of patients with FSGS who present in the first year of life
and are responsible for the subsequent clinical phenotype
in this age group (19). However, the direct causal relation-
ship to the disease process (i.e., proteinuria and renal fail-
ure) is not so apparent in older children and adults with
FSGS and an associated genetic mutation. It has been sug-
gested that a second hit may be required in this setting and
speculations on the origin of these triggers are wide rang-
ing and include additional genetic and/or external envi-
ronmental factors.

Specific Mutations
One of the major components of the slit membrane is the

transmembrane protein nephrin (NPHS1). This gene was
found mutated in patients with Finnish-type congenital
nephrotic syndrome and has been directly implicated in
kidney tissue injury (20). Podocin (NPHS2) is exclusively
expressed in podocytes and localizes at the insertion of the
slit membrane (21).
Patients with major mutations, NPHS 1 and NPHS 2 are

resistant to immunotherapy. They have low rates of recur-
rence after transplantation, further supporting the concept
that these mutations lead to the FSGS lesion and the clinical
phenotype.
Many other genetic mutations have been recognized in

both older children and adults with FSGS. These have been
important discoveries that have led to significant advances

Figure 1. | Overlap of different causal categories of FSGS. There is
a complex interaction between different causes of FSGS. The overlap
area conceptually indicates patients who may respond to treatment
within the overlapping areas of primary and secondary causations.
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Table 1. Clinical studies of suPAR in humans

StudyParameter Wei et al. (2011)16 FSGS CT (2012)50 Podonet (2012)50 Huang (2012)51

Patients with
underlying
kidney
disease (n)

Primary FSGS 78 70 (35 patients received
CSA and 35 patients
received MMF/
dexamethasone
for 26 wk)

94 74

Secondary FSGS 14
MCD 14
MN 25
Preeclampsia 11 40
Controls 7 110 (healthy) 56 (healthy)

Mean age (yr) 27 19 ,18 29

Race (%) n/a
White 60
African
American

17 33

Hispanic 17
Asian 6 100

Renal function,
creatinine
(mg/dl)

54 in ESRD, 23
inCKD(mean1.9)

Mean 1.1 0.69–0.91 Median 1.1

suPAR (pg/ml) 71% with .3000 45886203 34976195 2923 (2205–4360)

Study conclusions (1) suPAR is
elevated in two
thirds of patients
with primary
FSGS, but not in
people with other
glomerular
diseases; (2) the
higher
concentration of
suPAR before
transplantation
implies an
increased risk for
recurrence of
FSGS after
transplantation

(1) suPAR was
markedly elevated in
the majority of FSGS
patients; (2) CRP
levels were normal,
suggesting that
primary FSGS was
not an inflammatory
condition; (3) MMF
therapy associated
with lower suPAR
levels; (4) a sustained
decline in suPAR
over 26 wk of
treatment was
associated with
a reduction
in proteinuria
and greater
odds for
complete remission

(1) suPAR was
markedly
elevated in the
majority of FSGS
patients; (2) CRP
levels were
normal,
suggesting that
primary FSGS
was not an
inflammatory
condition; (3)
suPAR levels
were higher in
familial cases of
FSGS, including
those with
a defined podocin
mutation

(1) suPAR levels were
higher in patients
with FSGS compared
with patients with
MCD or MN and
healthy controls; (2)
there was no
significant difference
in suPAR levels
between primary
and secondary FSGS
patients;
(3) suPAR levels
increased in the
order of tip variant,
to not otherwise
specified variant,
and a cellular
variant; (4) soluble
urokinase receptor
levels were
significantly but
negatively correlated
with creatinine
clearance at
presentation but
positively correlated
with crescent
formation in patients
with primary FSGS

CSA, cyclosporine A; MMF, mycophenolate mofetil; MCD, minimal change disease; MN, membranous nephropathy; suPAR, soluble
urokinase plasminogen-type activator receptor; CRP, C-reactive protein.
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in our understanding of the pathobiology of the podocyte
and its relationship to the integrity of the glomerular
basement membrane. These include R229Q, CD2AP,
a-actinin-4, transient receptor potential cation channel, phos-
pholipase C«1, and laminin b-2, and others (3,22–24). Their
relationship to treatment response and recurrence after
transplantation is not as clear.

APOL1.
Recent studies have described polymorphisms in the

APOL1 gene that are associated with the FSGS lesion and
appear to be expressed exclusively in individuals of African
descent (25,26). Its variants are associated with a 17-fold
higher odds for FSGS and 29-fold higher odds for HIV-
associated nephropathy. In the African American Study of
Kidney Disease and Hypertension (AASK), patients with
polymorphisms in APOL1 on average had higher baseline
proteinuria and unrelenting kidney disease progression
compared with those without the polymorphisms. This oc-
curred despite equal BP control and angiotensin-
converting enzyme inhibitor blockade, supporting the no-
tion that additional mechanisms were in play in this cohort
(27). In the AASK study, kidney biopsies of these patients
showed extensive focal global glomerulosclerosis (FGGS),
suggesting a strong association between APOL1 and FGGS
(28). This polymorphism may help to explain the dispropor-
tion percentage of the patients of African ancestry in ESRD
registries. Currently, most of these patients do not have a
biopsy; thus, they are categorized solely based on their clin-
ical features and potentially carry the (mis)label of hyperten-
sive nephrosclerosis.
It is currently unclear how to integrate the information

on these genetic mutations into the management and treat-
ment strategies of patients with the FSGS lesion. The recent
KDIGO guideline on GN does not recommend genetic testing
on patients with FSGS beyond the age of 2 or 3 years and
suggests that further genetic evaluation should only be
performed after failure to respond to corticosteroid therapy.
An alternative but earlier approach to this evaluation was
recently suggested (29). The uncertainty of the clinical rele-
vance of the underlying mutations increases potential error in
assuming that these patients will not respond to treatment.
Certainly, this has not proven to be the case, especially in the
patient with older-onset FSGS. A large part of this confusion
and controversy is related to our current lack of understand-
ing of the specific factors that may modify the pathobiology
of the mutation and lead to a delay in the clinical manifesta-
tions of the process to much later in life.

Obesity and FSGS
Obesity remains an important element related to the

FSGS lesion. It seems unlikely that weight per se is the
single factor in this association, given the current major
difference in the number of people who are obese versus
those with the diagnosis of FSGS.
A patient with the obesity-associated FSGS lesion (O-FSGS)

typically presents with subnephrotic or nephrotic-range pro-
teinuria but without other features of nephrotic syndrome.
The classic pathology features include glomerulomegaly and
lesions of focal and segmental sclerosis involving the perihilar
regions with associated hyalinosis and mesangial changes but

with little tubulointerstitial damage. There tends to be less
diffuse foot process effacement on electron microscopy than
that seen in patients with primary FSGS (30–32). Risk factors
identified by physiological studies that may contribute to the
development of the lesion include elevations of renal plasma
flow and GFR, insulin resistance leading to an increased
transcapillary pressure gradient and increased synthesis of
growth factors promoting glomerular hypertrophy (33,34).
Elevated plasma levels of leptin through upregulation of
TGF-b1 in obesity may also predispose to glomerulosclerosis
(35).
However, how or whether these specific pathophysio-

logic factors are different in the vast percentage of obese
patients who do not develop the clinical phenotype or pre-
sumably the FSGS lesion is currently unknown. Hence, the
therapeutic implications, beyond the obvious one of weight
reduction, remain a conundrum as discussed in the section
on overlap.

Treatment of FSGS
How to integrate this new information into management

of the patient with the FSGS lesion is a challenge. However,
once the decision is made to proceed to immunotherapy, a
guideline is available. The goal of therapy is to induce a
complete remission of proteinuria that in turn will lead to
better long-term preservation of renal function. Achieving
partial remission, although not optimal, does slow the
progression of kidney disease and substantially improve
renal survival (36). Regardless of the underlying causative
process, the signs and symptoms of nephrotic syndrome
should be managed with renin-angiotensin system inhib-
itors, statins, a low-salt diet, and diuretics, because even
low-level persistent proteinuria has been associated with
an increased risk of cardiovascular disease and the poten-
tial for long-term organic kidney damage (37,38).
Immunosuppressive Treatment of Primary FSGS. As

the presumed origin of primary FSGS is a dysregulated
autoimmune response, the use of immunosuppressive
agents is advocated in its treatment. Recently, direct effects
of some of these agents on the podocyte have been de-
termined that potentially augments or supplements their
immunosuppressive action. Calcineurin inhibitors (CNIs)
have been shown to stabilize the podocyte actin cytoskel-
eton by blocking the calcineurin-mediated dephosphoryla-
tion of synaptopodin, a protein critical for actin filament
reformation (39). Rituximab, a chimeric mAb against CD20
on the surface of B cells and a well established B cell–
depleting immunosuppressive agent, may have a direct
antiproteinuric effect by preventing actin cytoskeleton dis-
ruption (40).
The current KDIGO guideline on GN recommends initial

treatment of primary FSGS with high-dose prednisone given
for between 4 and 16 weeks or until complete remission (4).
CNIs are recommended for patients with FSGS who are
resistant or intolerant to glucocorticoids and are continued
for a minimum of 1 year if the patient is responsive. The
above treatments are effective but side effects are significant,
and rates of treatment failure and relapse are high. Steroid
resistance can be seen in up to 50% of patients and a pro-
longed course is associated with significant side effects, in-
cluding diabetes, increased infection rates, osteoporosis, and
weight gain. Prophylactic strategies should be initiated to
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minimize the toxic effects of a prolonged course of steroids
as per the KDIGO guideline on GN (4). CNI treatment is also
associated with significant but different adverse effects, in-
cluding nephrotoxicity and hypertension. This therapy has
been associated with a relapse rate of up to 50%.
The current guideline suggests that patients who relapse

should be treated with the same agent and duration that
resulted in their initial remission.
Other therapeutic options have less evidence but warrant

discussion given the above limitations.
The current available data do not support the general use

of alkylating agents in the treatment of FSGS in adults (4).
Pilot studies in resistant patients using mycophenolate
mofetil (MMF) alone showed a low but significant response
rate of approximately15%–20%. More recently, a random-
ized controlled trial in 138 children and adults with FSGS
compared MMF plus oral pulse dexamethasone to cyclo-
sporine A (CSA) for 1 year (41). At the end of the 52 weeks,
there was no statistical difference in remissions (complete
plus partial: 46% CSA versus 33% MMF/dexamethasone)
but the 95% confidence interval was wide (0.3 to 1.18), leav-
ing open the possibility of missing a substantial benefit of
CSA. Part of this problem in interpretation is related to the
study reaching only 30% of its prerequisite sample size.
Rituximab therapy has been tried in small and uncon-

trolled studies in FSGS (42). The pediatric literature
suggests a significant response rate but the adult literature
is more mixed.

Plasma exchange focused on removing the permeability
factor has also been advocated as adjunctive therapy.
Although the KDIGO guideline on GN indicates that

there is insufficient evidence to support the use of alkylat-
ing agents, MMF, or rituximab in the treatment of FSGS,
these drugs may have a role in patients who are resistant or
intolerant to conventional treatment. A practical algorithm
for consideration in the treatment of FSGS is provided
(Figure 2). The newer but more experimental agents dis-
cussed below eventually may also play a role in resistant
or intolerant patients.
Galactose has a high affinity for permeability factors and

could theoretically abolish plasma permeability activity
in vivo. There are case reports in which oral galactose in
combination with CNIs has achieved remission in FSGS
patients who were resistant to currently available treat-
ment (43). Certainly, a significant benefit to this approach
is its benign side effect profile.
Pirfenidone is an oral antifibrotic agent. In an open-label

trial involving 18 patients with primary or presumed sec-
ondary FSGSwho received pirfenidone, participants showed
an improved monthly change in GFR from a median of
20.61 ml/min per 1.73 m2 per month during the baseline
period to 20.45 ml/min per 1.73 m2 per month. However,
no effect on BP or proteinuria was observed after a median
13 months of treatment (44).
In a phase I trial, patients treated with adalimumab

(a TNF inhibitor with antifibrotic properties) and

Figure 2. | Treatment algorithm for FSGS. *CNI dose as per the KDIGO guidelines on GN. **See the text on options to consider in the
management of nonresponders. ***See the text on how to manage relapse. RAS, renin-angiotensin system; CNI, calcineurin inhibitor; MMF,
mycophenolate mofetil.
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rosiglitazone (an antidiabetic medication but with antifi-
brotic properties) showed improvement in GFR over time;
however, this study was only 16 weeks and efficacy remains
untested (45).
Deoxyspergualin derivative LF15-0195 ameliorated pro-

teinuria in both a native kidney and a post-transplant animal
model of FSGS by inducing regulatory T cells (46). No com-
parable human studies have been done.
Sirolimus, a mammalian target of rapamycin inhibitor,

has been cited in anecdotal case reports to be effective in the
treatment of FSGS; however, this drug can impair podocyte
integrity and predispose patients to glomerular injury and is
currently not recommended (47).
Adrenocorticotropic hormone (ACTH) therapy has been

studied in the treatment of FSGS. In a pilot study of 11
FSGS patients treated with 16 weeks of subcutaneous
ACTH, 6 patients had a reduction in proteinuria, with 2
patients achieving partial remission and 1 achieving com-
plete remission (R.A.R.C. Lafayette and K. Mehta, unpub-
lished observations). An open-label nonrandomized clinical
trial is currently underway to investigate whether ACTH
therapy is effective in primary FSGS (ClinicalTrials.gov iden-
tifier: NCT01155141).
Treatment of Secondary FSGS. Management of second-

ary causes of the FSGS lesion involves treating the underlying
condition. In large part, this is focused on reducing systemic
and intraglomerular pressure using renin-angiotensin system
inhibitors as first-line treatment. Their benefit on both pro-
teinuria and disease progression in FSGS is quite variable;
however, the risks are low, hence their recommendation.
Obese patients need to lose weight to help control their
proteinuria. Case series have shown that bariatric surgery
tends to improve proteinuria in patients with obesity-
related FSGS lesions (48).
Management of FSGS in the Overlap Group of Primary

and Secondary FSGS. Which patients with recognized
factors associated with secondary FSGS should be consid-
ered for immunosuppressive therapy remains an important
question. Unfortunately, there is little evidence on which to
base the answer. This is in part because of the multiple
unknown factors affecting the initiation and progression of
the process. Perhaps a short course of immunosuppression
should be considered for obese patients and for adults and
older children with FSGS and a known mutation who,
despite ideal BP and weight control and maximum renin-
angiotensin system blockade for 3–6 months, continue to
have nephrotic range proteinuria. Another scenario that
may provide a clue to an underlying dysregulated autoim-
mune process is the rapid onset of full-blown nephrotic syn-
drome despite a documented potential secondary cause.
Immunosuppressive treatment may be effective under these
conditions.
If there is a good clinical response in proteinuria, the

course could be continued similar to patients with more
clear-cut primary FSGS. However, if there is no response,
the treatment should be terminated early instead of the
prolonged duration currently recommended. The choice
of which drug and the duration of treatment should be
determined by the specific clinical scenario (49).
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Bouvier R, Kraus C, Mark K, Madlon H, Dötsch J, Rascher W,
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