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A recent report by Strippoli et al revealed that the number and quality of ran-
domized controlled trials (RCTs) in nephrology was less than those from all of
the other 13 major subspecialties in internal medicine and ranked in the third
lowest proportion of RCT citations.1 The authors identified the following factors
contributing to these observations: few intervention questions are asked; the
number of RCTs to inform clinical decision-making is very low; the quality of
reporting nephrology RCTs is suboptimal; and there has been little improve-
ment over time. The authors surmised that there is a crisis in clinical research in
nephrology and, in particular, in clinical trials. Nephrologists need to shift their
attitude towards RCTs, starting with a well-trained workforce in clinical investi-
gation in order to create a track record of successful studies. Despite the limi-
tations related to a relatively small specialty with various rare disorders,
multicenter collaborations involving larger numbers of subjects that have
addressed simple goals have been successful in clinical research initiatives by
both the North American Pediatric Renal Transplant Collaborative Study Group
(NAPRTCS) and the European Vasculitis Study Group. In this regard, the
current National Institutes of Health (NIH)-supported Focal Segmental
Glomerulosclerosis Clinical Trial in Children and Young Adults (FSGS-CT)
(http://www.fsgstrial.org) offers the opportunity to participate in a much needed
RCT that may serve as a template to address many of the above factors that are
critical for achieving a successful track record for future investigations into the
etiology, track pathophysiology, and effective prevention and treatment of a vari-
ety of progressive kidney disorders. This issue of Nephrology Rounds reviews the
histology, genetics, and current treatments for FSGS and the design of the
FSGS-CT that will evaluate possible treatment modalities. 

The histologic features of FSGS were first described in the kidney more than 80
years ago and, within a few years, this lesion was firmly associated with the clinical
problem of severe nephrotic syndrome.2 A more complete spectrum of FSGS presenta-
tions has been clarified over the past 20 years. The glomerular changes associated with
FSGS are now recognized to occur in an array of systemic disorders: as a spontaneous
illness (idiopathic), as an inherited disease, or even as a recurrent lesion in transplanted
kidneys.3 It is also becoming increasingly clear that FSGS can have devastating conse-
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quences for affected patients and for the United States
(US) healthcare system. Changes related to FSGS are
recognized in native kidney biopsies much more often
than in the past.4 Furthermore, the majority of patients
with FSGS will fail to respond to steroid therapy, at
least as typically employed, and these resistant patients
will likely progress to end-stage renal disease (ESRD).5

These trends and the poor prognosis for the illness
have significant bearing on the US ESRD program.
The US Renal Data Systems (USRDS) data demon-
strate that the incidence of new ESRD attributed to
FSGS has increased 5- to 6-fold in African Americans
and 5- to 8-fold in White patients. More than 75,000
patients in the US have ESRD due to idiopathic FSGS
or 3.6% of the entire ESRD population.6 Therefore, a
high priority must be placed on formally addressing
new treatment options for idiopathic FSGS.

FSGS in pediatric and adult patients

Although the first autopsy reports described idio-
pathic FSGS in children, it is increasingly evident that
the disease is important in all age groups. The disease
invariably presents with proteinuria. Typically, howev-
er, macroscopic hematuria is not a major presenting
feature of idiopathic FSGS across all age groups.7 The
most important early clinical experience was from the
International Study of Kidney Disease in Children,
taken from renal biopsies of children in the 1960s.8

These studies emphasized that while only 7% of
nephrotic children exhibited FSGS by renal biopsy, the
bulk of these patients failed to have a remission of pro-
teinuria with steroid treatment.9 This contrasts sharply
with the experience from children with minimal
change disease. 

Subsequent series demonstrated that the FSGS
glomerular lesion is present in 2%-27% of kidney
biopsies across all ages and frequency extends even into
the elderly age group.10 FSGS becomes less common
with advancing age, but it is still a significant problem
in the elderly. In a series of 1,368 renal biopsies taken
from patients aged >60 years, FSGS was present in
5.4% of patients with the nephrotic syndrome.4 Sur-
veys of native kidney biopsies taken from adult patients
in the 1990s revealed that FSGS was increasing in
prevalence and was present in 12% to 20% of cases.5

In addition, some observations suggest that FSGS in
adults will more likely affect patients of African descent
and will be associated more with reduced glomerular
filtration rate (GFR) than the disease in children.10

Regardless, FSGS diagnosed at any age portends a
high risk for progression to ESRD. In nearly 6,000
children with chronic kidney disease (CKD) in the
NAPRTCS database, patients with FSGS carried the
greatest risk of progression to ESRD, with more than
half requiring renal replacement therapy within 2
years of entry.11 Two large series of adult patients sug-

gest that the kidney risk is comparable when FSGS is
diagnosed later in life. In cohorts of adults treated
with a variety of immunosuppressive protocols, 30%
of patients have evident CKD within 5 years of diag-
nosis, and the overall 10-year renal survival was only
67%.12,13 The clinical challenge is to develop an
approach to treatment that is well-tolerated, safe, and
effective in FSGS presenting at any age.

Prediction of FSGS outcome

The mainstay of management for idiopathic
nephrotic syndrome, particularly in pediatric patients,
has been glucocorticoid therapy.8 In order to avoid the
long-term consequences of steroid therapy (eg, infec-
tion risk, glucose intolerance, and osteoporosis), it is
desirable to predict the long-term risks of progression
early in the course of FSGS. The most consistent indi-
cator of long-term kidney survival is the ability to
reduce proteinuria with initial management. It is well
documented that if a nephrotic patient with FSGS has
a normalization of proteinuria with immunosuppres-
sive treatment, the likelihood of reaching ESRD is
minimized. In retrospective studies, failure to achieve
remission in idiopathic FSGS (predominantly after
steroid therapy) is associated with a 50%-60% likeli-
hood of ESRD; however, complete short-term remis-
sion of proteinuria is associated with no renal risk.14,15

More recently, these observations were extended to
demonstrate that even a partial remission, namely a
50% reduction in proteinuria, was also significantly
associated with improved long-term renal survival.16

The initial change in proteinuria following institution
of treatment is a strong surrogate marker for long-
term kidney survival. 

Prediction of FSGS outcome 
based on histology

The term “FSGS” is applied to a pathologically
diverse group of glomerular lesions with heterogeneous
clinical manifestations. A recent report described the
clinical and pathologic characteristics of FSGS histo-
pathologic variants.17 The different renal diagnostic
criteria had previously been outlined in a standardized
pathologic classification of FSGS that confirmed the 5
categories shown in Figure 1.18 This morphologic clas-
sification of FSGS has been demonstrated to have
prognostic value, with the different histological variants
affecting clinical presentation and predicting outcomes
after therapy. This study revealed that collapsing FSGS
affected younger and, more often, Black patients.18

Collapsing and tip variants had higher proteinuria and
lower serum albumin than perihilar and not otherwise
specified (NOS) variants. The tip lesion variant had
better renal function, less severe tubulointerstitial
injury, and was more frequent in Caucasians. These
patients were more likely to receive steroids and more



often achieved complete remission (50%). After a
median follow-up of 1.8 years, 23% of patients were on
dialysis and 28% had renal failure. Collapsing FSGS
had a worse 1-year (74%) and 3-year (33%) renal sur-
vival compared to other variants (overall cohort renal
survival at 1 and 3 years: 86% and 67%). 

Prediction of FSGS outcome 
based on genetic studies

Over the past 10 years, there has been a dramatic
increase in the knowledge of genetic factors that cause
glomerular disease. These discoveries raise the possi-
bility that genetic markers will predict clinical outcome
in idiopathic FSGS. Familial cases of FSGS have long

been recognized. In 1973, Habib suggested that 12%
of all pediatric cases of FSGS had at least one affected
sibling.19 It is now clear that mutations in structural
podocyte-associated proteins account for a portion of
FSGS cases. A mutation in the NPHS2 gene, which
encodes the protein podocin, was linked to autosomal-
recessive steroid-resistant nephrotic syndrome in chil-
dren.20 However, although this link was strong in
Israeli-Arab children, it was not evident in Israeli-Jew-
ish or Japanese children with sporadic FSGS.21

Mutations in the α-actinin 4 gene (ACTN4) have
been associated with autosomal-dominant FSGS in
adults, a disease characterized by variable risks of pro-
gression to ESRD.22 Most recently, autosomal-domi-
nant FSGS was linked to the gene that encodes the
transient receptor potential cation channel, subfamily C,
member 6 (TRPC6 ).23 These genes are causative for
FSGS and have revealed new information about the
structure and function of the podocyte.24

These new discoveries are also important in
explaining the causes of a minority of familial FSGS
cases. At this point, however, it is not clear if mutations
in or expression of these genes will predict responses to
therapy for long-term kidney survival.

Effective treatments in FSGS

Therapeutic interventions for FSGS have been
widely reported. However, evidence-based treatment
guidelines have not been developed due to the lack of
controlled studies and the small number of participants
included in most reports. Consequently, the choices of
therapeutic interventions for the FSGS-CT were both
difficult and controversial. Because strong biases exist
in both pediatric and internal medicine nephrology
communities, it was necessary to find therapeutic regi-
mens that were acceptable to investigators at the par-
ticipating sites who would be contributing participants
to the study. 

The earliest experiences in treating idiopathic
FSGS involved glucocorticoids. There are clear differ-
ences between pediatric and internal medicine
nephrologists with respect to the therapeutic interven-
tions commonly employed for the treatment of
patients with steroid-resistant FSGS and most other
glomerulopathies. Lin recently reviewed the Metro
Toronto Glomerulonephritis Registry, which indicated
that adults with FSGS were less likely be treated with
steroids when compared with children (33% vs 90%),
while remission rates of proteinuria were similar (39%
vs 44%).25,26

Over the past decade, a number of studies have
reported therapies for FSGS, including corticosteroids
(daily or every other day),27 cyclophospahmide,28

cyclosporine (CSA),29-31 tacrolimus (Prograf ®),32,33

mycophenolate mofetil (MMF),34,35 and sirolimus
(Rapamycin®).36,37 The experience with MMF in the

Figure 1: Histologic characteristics of FSGS18

FSGS, Collapsing 
• Pre-empts other variants
• Defining feature:

– Glomerular capillary tuft
collapse with overlying
podocyte hypertrophy 
and hyperplasia

FSGS, tip 
• Exclude: collapsing variant
• Defining feature:

– Origin of proximal tubule
must be identified with adhe-
sion or confluence of tuft
lesion in the tip domain; Tuft
lesion may be foam cells,
endocapillary hypercellularity
(<50% of tuft), sclerosis
(<25% of tuft)

– Presence of a “perihilar”
lesion rules out tip variant

FSGS, cellular 
• Exclude: collapsing and 

tip variants
• Defining feature:

– Endocapillary hypercellu-
larity (at least 25% of tuft), 
typically expansile and 
occluding lumina, with or 
without foam cells. 

FSGS, perihilar 
• Exclude: collapsing, tip, and

cellular variants
• Defining feature:

– Perihilar hyalinosis, with or
without sclerosis

– at least 50% of glomeruli with
segmental lesions must have peri-
hilar sclerosis and/or hyalinosis

FSGS, NOS 
• Exclude: collapsing, tip, 

cellular and perihilar variants
• Defining feature:

– segmental sclerosis with 
increased matrix obliterating 
capillary lumina



treatment of patients with steroid-resistant FSGS
has been limited to uncontrolled trials in adult
patients and children.34,35

Despite widely published experiences with
various medications, it is notable that there have
been only 4 prospective, randomized, controlled
clinical trials published in idiopathic FSGS. Thus
far, CsA is the only medication that has been
documented to be efficacious in a controlled trial
in both children and adults with steroid-resistant
FSGS.29,30

Rationale for study design

In evaluating the therapeutic interventions for
the FSGS-CT, it was noted that no evidence-
based medicine has designated a specific therapeu-
tic intervention for steroid-resistant FSGS that
significantly reduces proteinuria or preserves renal
function in a substantially large proportion of
patients. However, the following 4 factors were
taken into consideration in the ultimate design of
this clinical trial:
• an established role for CSA in the treatment of

FSGS
• the potential, but unproven benefit, of intermit-

tent high-dose corticosteroid therapy in combi-
nation with another immunosuppressive agent 

• the efficacy of either therapeutic intervention to
induce sustained reduction in proteinuria after
withdrawal of a therapeutic agent 

• the side effects and consequences of any long-
term therapeutic intervention, if withdrawal of
medication is unsuccessful. 

Design and implementation of 
the NIH-FSGS treatment trial

The FSGS-CT is sponsored by the National
Institutes of Health (NIH) in response to the need
for rigorously-tested treatment modalities in idio-
pathic FSGS. It is a phase III randomized trial of
children and young adults aged 2 to 40 years. The
trial is being conducted at over 100 sites in
North America, which are divided among 3 core
networks with principal investigators, study coor-
dinators, and a central data-coordinating center
(http://fsgstrial.org). Eligibility criteria include a
biopsy-confirmed primary FSGS, corticosteroid
resistance (urinary protein/creatinine [Up/c] ratio
>1.0 during minimum 4 weeks prednisone thera-
py with cumulative minimal dose of 56 mg/kg
prednisone or equivalent), persistent proteinuria
(Up/c ratio >1.0), and an estimated GFR (eGFR)
≥40 ml/min/1.73m2 (Table 1). Exclusion criteria
include secondary FSGS, prior therapy with CSA,

tacrolimus, MMF, sirolimus, or azathioprine,
and obesity with a body mass index (BMI) >97th
percentile for age 2-20 years and BMI >40 for age
>21 years. Diagnostic renal biopsy material is
required, consisting of a representative light
microscopy (LM) slide demonstrating FSGS, an
immunofluorescence (IM) report, and a represen-
tative print or digital electron microscopy (EM) of
at least one glomerulus reviewed by one of the 3
core pathologists at the time of patient enrollment.

The primary outcome is attainment of partial
or complete remission (6-level ordinal scale; 
Table 2). The main secondary outcome is relapse
after withdrawal of immunosuppressive agents,
followed by treatment failures, change in eGFR,
side effects, decline in quality of life, and receipt of
biological materials.

Patients are randomly assigned to one of two
active treatment arms: CSA, or MMF + pulse
dexamethasone (Figure 2). The target period for
maintaining these medications is 12 months. Both
study groups are also treated with either lisinopril
or losartan for 18 months and low-dose alternate-
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Table 1: Inclusion and exclusion criteria

Inclusion
• Age 2- 40 years 
• Estimated GFR ≥40 mL/min/1.73m2

• Urine protein/creatinine (Up/c) ratio >1.0 
• Steroid resistance marked by failure to achieve

a sustained Up/c ratio <1.0 during min 4 wks
prednisone therapy, cumulative minimal dose
56 mg/kg

• Biopsy-confirmed primary FSGS

Exclusion
• Secondary FSGS
• Prior therapy with cyclosporine, tacrolimus,

mycophenalate mofetil, sirolimus, azathioprine
• Obesity: BMI >97th percentile for age 2-20 yrs

BMI >40 for age >21 yrs

Table 2: Study outcomes

Primary outcome
• Attainment of partial or complete remission 

(6- level ordinal scale) 

Main secondary outcome
• Relapse after withdrawal of immunosuppressive

agents

Secondary outcomes
• Treatment failures
• Change in eGFR
• Side effects
• Declining quality of life
• Receipt of biological materials



day steroids for 6 months. The decision to include
alternate day corticosteroid therapy and inhibition
of the renin-angiotensin system as background
therapy for both therapeutic arms of this clinical
trial reflected current standards of practice. Most
therapeutic interventions in patients with steroid-
resistant FSGS included these two elements irre-
spective of the primary therapeutic intervention.
The ultimate effectiveness of a therapeutic inter-
vention could be best appreciated, if it were possi-
ble to sustain an antiproteinuric effect when the
medication is withdrawn. 

The primary outcome is based on achieving a
remission of proteinuria: complete remission (CR)
Up/c < 0.2; partial remission (PR) Up/c <50% of
baseline value and < 2; or no remission (NR).
Patients who do not achieve a CR or PR at 6
months are defined as treatment failures for the
primary outcome and exit the study. Thus, patients
entering the study commit to only 6 months of
therapy unless a remission is achieved. The pri-
mary outcome for the remaining patients will be
assessed at month 12. The main secondary out-
come is the persistence of remission after with-
drawal of the CSA or MMF/dexamethasone during
study months 12 to 18. 

The analysis will be carried out by intent-to-
treat with patients retained in their randomized

groups regardless of whether they have maintained
and adhered to their randomly-assigned treatment
regimen. The CSA group will be regarded as the
reference group and the MMF/pulse steroid
groups as the treatment group for expression of
treatment effects in the primary analysis. How-
ever, due to the expectation that beneficial effects
may be observed in either direction, a 2-sided test
will be conducted at the 5% significance level.
Sample size calculations indicate that 207 patients
are needed to detect an 18% increase in CR or PR
in the MMF/dexamethasone vs the CSA arm.

The FSGS-CT is the largest controlled trial of
FSGS in North America and will establish a stan-
dard of therapy for corticosteroid-resistant primary
FSGS. Additional benefits of the trial are the estab-
lishment of an infrastructure for the study of FSGS,
the creation of a national repository of biospecimens
for investigations on the pathogenesis of FSGS
and the role of histological sub-classifications of
FSGS in the response to therapies, and the evalua-
tion of the efficacy of withdrawing immunosuppres-
sive drugs while maintaining angiotensin-converting
enzyme (ACE) inhibitors/angiotensin receptor
blockers (ARBs). To date, 5 ancillary studies have
received NIH support: 
• David Kurnit – Analysis of Podocyturia in FSGS
• Howard Trachtman – Novel Therapies for

Resistant FSGS
• Tej Mattoo – Tacrolimus and Plasmapheresis in

Treatment-Resistant FSGS
• Lisa Guay-Woodford – Genetics and Pharmaco-

genetics in FSGS
• Robert Mak – Proteomics in Obesity-related

FSGS.
Randomization began in November 2004

and will continue through March 1, 2008. The
follow-up period for the last randomized patient
ends in September, 2009. As of January 1, 2007,
139 patients were enrolled and 96 randomized with
30 excluded for biopsy readings inconsis-
tent with primary FSGS, Up/c <1.0, and eGFR
<40 mL/min/1.73m2. Entry characteristics of
the enrolled patients are: 57 < 24 years of age;
27 African Americans, 38 white, 4 other; 39 male,
32 female; eGFR 135 mL/min/1.73m2 and Up/c
>6.44. 

In summary, the nephrology community has
been given an opportunity to participate in an
important clinical trial that will serve as a template
for the subsequent design and implementation of
investigations into the etiologies, prevention, and
treatment of a variety of progressive glomerular
disorders. It is up to us to meet this challenge with
a successful response.
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Figure 2: Study design

CSA
Prednisone
ACE or ARB

   MMF + 
Dexamethasone

Prednisone
ACE or ARB

Randomization

Evaluate remission status
Treatment failures exit

Primary analysis of remission 
status after 1 year of 

immunosuppressive therapy
Immunosuppressive 
therapy terminated

Main secondary analysis
of persistence of remission 

following withdrawal of
immunosuppressive therapy

Week 26

Week 52

Week 78

Screening of 
potential patients

ACE = angiotensin-converter enzyme, ARB = angiotensin-receptor
blocker, MMF = mycophenalate mofetil, CSA = cyclosporine
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