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> 3g/day in sFSGS (63.8%) than in fFSGS (44%, p=0.080), and serum albumin
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Familial ESGS were statistically different regarding steroid resistance, corresponding to 60%
Sporadic FSGS in sSFSGS and 100% in fFSGS (p=0.001).

Proteinuria

Conclusions: The studied groups were clinically similar, except that
proteinuria tended to be higher (nephrotic range) and serum albumin was
lower in sFSGS vs. fFSGS. In addition, all treated fFSGS patients were steroid
resistant. At presentation it is important to characterize if the patient has
fFSGS, that will contribute to further disease management, and disease history
will be the first clue for such differential diagnosis.

Genetic mutation
Nephrotic syndrome

Introduction

Focal segmental glomerulosclerosis (FSGS) represents a
heterogenous group of diseases, which accounts for an important
cause of end-stage kidney disease and manifests predominantly
with nephrotic syndrome regardless of the age of onset. Although
isolated mutations can cause sporadic forms of FSGS, some of those
who present with FSGS carry a familial form that explains their FSGS
pathogenesis!3.

More than 50 genes have shown pathogenic variants that have
been associated with FSGS*. NPHS2 mutations were described in
FSGS that happens from childhood to adulthood, usually presenting
with high levels of proteinuria in both autosomal recessive familial
FSGS (fFSGS) and sporadic FSGS (sFSGS) forms®®. Other gene
mutations are related to autosomal dominant FSGS, as in ACTN4,
TRPC6, CD2AP*Y, and INF2 genes!'. In fact, INF2 mutations are seen
as the most common cause of autosomal dominant FSGS accounting
for 9% of the cases, while ACTN4 e TRPC6 mutations are observed in
3 and 2% of them, respectively*.
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The primary forms of FSGS have been treated with
steroids and immunosuppressive drugs, with variable
frequency of remission, and recurrence after kidney
transplantation is relatively common'?°, On the other hand,
immunosuppressive treatment is not usually indicated in
genetic cases of FSGS, thus this kind of approach remains
a matter of concern while managing fFSGS. Nevertheless,
calcineurin inhibitor cyclosporine’®* or, less frequently,
steroids?® can induce a partial remission depending on the
genetic variants involved in each case.

Molecular diagnosis is not indispensable for treating
this disease, but as pathogenic mutations are identified
in FSGS, they can help to: (1) avoid adverse effects
of steroids, (2) modify the intensity and duration of
immunosuppressive therapies, (3) contribute to donor
selection, and (4) eventually delay the progression of the
disease and establish its prognosis. Genetic study also
provides genotype-phenotype associations, which enables
genetic counseling and may identify associated mutations*.

Few research centers and clinical analysis laboratories
have the infrastructure and expertise to perform genetic
analyses, whether by Sanger sequencing or next-generation
sequencing. In addition, genetic investigation is expensive
and remains routinely unfeasible in many countries.

Here, we describe clinical and laboratory features
of fFSGS and sFSGS that could distinguish them in daily
practice. This differentiation may help to guide the
treatment approach, which may avoid unnecessary
steroids and immunosuppressive drugs for most of those
who have a family history of FSGS. Also, it can avoid doing
renal biopsy in relatives and help in genetic counseling.

Materials and Methods

This is a retrospective and unique center cohort
developed at Federal University of Sdo Paulo, Brazil.
This protocol was approved by the Ethical Committee on
Research of the UNIFESP. Informed consent was obtained
from all individual participants included in the study.

We included the patients with histological diagnosis
of FSGS followed in the Section of Glomerular Diseases
(Division of Nephrology) until 2016. The participants were
divided into two groups, fFSGS (according to their familial
history of chronic kidney disease or glomerular disease in
close relatives as parents, brothers/sisters or siblings) and
primary sFSGS.

We obtained demographic and clinical data from the
patients’ charts from which we collected laboratory results
(serum creatinine, cholesterol, triglycerides, and albumin;
and urinalysis and 24-hour proteinuria), familial history
of chronic kidney disease or glomerular disease, blood
pressure levels and treatment regimens. In case there were
syndrome features those would also be described.

The response to steroid therapy was defined according
to laboratory results as present (partial or complete
remission) or not (maintenance of 24h-proteinuria above
3.0 g/24h) after 16 weeks of treatment with oral prednisone
1mg/kg/day (followed by a withdrawal schedule).

Statistical analysis

Data were analyzed by using SPSS statistics®, version
26. We present summarized results through relative and
absolute frequencies (nominal variables) and mean and
standard deviation (numerical variables). Inferential
analyses were performed using Pearson’s Chi-square,
t-Student, and Mann-Whitney’s tests, when appropriate.
We set alpha=0.05 and 95% confidence interval for all the
tests we used.

Results

We present clinical and laboratorial characteristics
from 124 patients with FSGS, which are subdivided into
two groups: primary sFSGS (n=89) and fFSGS (n=35).
Both groups were statistically similar in gender (42.9% vs.
52.8% males in fFSGS vs. sFSGS, respectively, p=0.318). The
two groups were also similar with regards to their ethnicity
(p=0.454), but “white” (47.4% and 59.6%) and “neither
black nor white” patients (52.6% in fFSGS and 36.5% in
sFSGS) predominated, while no “black” patients (0%) were
found in fFSGS vs. 3.8% in sFSGS.

The patients were diagnosed with FSGS when they were
34.1 £ 10.5 (fFSGS) and 32.3 + 12.7 (sFSGS) years old, but
they did not differ significantly (p=0.288).

The mean initial levels of serum creatinine (mg/dL)
were 1.31 + 0.72 (sFSGS) vs. 1.20 + 0.89 (fFSGS) (p=0.484),
the occurrence of hematuria was 72.4% (fFSGS) and 71.8%
(sFSGS) (p=0.949) and the mean absolute levels of 24-hour
proteinuria (g/24h) were 5.63 * 2.99 (sFSGS) and 3.60
+4.83 (fFSGS) (p=0.225). Higher levels of proteinuria (= 3.0
g/day) were more frequently observed in the sFSGS group
(63.8%), than in the fFSGS group, in which proteinuria <
3.0 g/day predominated (56%). The x? test revealed a
tendency to differentiating these groups (p=0.08).

Serum albumin < 3.0 g/dL was more frequently
observed in the sFSGS group (45.8%), than in the fFSGS
(20%) one. On the other hand, the fFSGS group presented
a higher prevalence of serum albumin 2 3.0 g/dL (80%)
(p=0.04).

Both groups were similar with regards to serum
cholesterol (= 200 mg/dL; 47.4% in fFSGS and 66.7% in
sFSGS, p=0.140), serum triglycerides (2150 mg/dL; 47.1%
in fFSGS and 54.0% in sFSGS, p=0.621) and hypertension
(48.6% in fFSGS vs. 54.1% in sFSGS, p=0.580).

Steroids were given to some of the patients in both
groups (14 in fFSGS and 62 in sFSGS). All the individuals
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Table 1: Clinical, laboratory and demographic data on the patients with familial and sporadic focal segmental glomerulosclerosis (FSGS)

Parameter Familial FSGS Sporadic FSGS p-value
Gender
Male n (%) 15 (42.9) 47 (52.8) 0.3182
Female 20 (57.1) 42 (47.2)
n 31 88
Mean 341 32.3 b
Age (years old) Minimum-Maximum 19 - 56 14 - 66 128
SD 10.5 12.7
n 31 88
Serum creatinine (mg/dL) - Mean 1.20 1.31 0.484°
Minimum-Maximum  0.36 -4.00 0.45-4.26
SD 0.69 0.72
n 29 78
P Mean 3.6 5.63 c
24-hour proteinuria (g/24h) Minimum-Maximum  0.49 - 13.23 0.30-22.70 0.225
SD 4.83 2.99
Hematuria (erythrocytes/mL)
>8000 n (%) 21(72.8) 56 (71.8) 0.949°
<8000 8 (27.6) 22 (28.2)
Serum albumin (g/dL)
>3.0 n (%) 16 (80) 26 (54.2) 0.046°
<3.0 4 (20) 22 (45.8)
Serum cholesterol (mg/dL)
>200 n (%) 9(47.4) 34 (66.7) 0.140%
<200 10 (52.6) 17 (33.3)
Serum triglycerides (mg/dL)
=150 n (%) 8(47.1) 27 (54) 0.6212
<150 9 (52.9) 23 (46)
Hypertension
Yes n (%) 17 (48.6) 46 (54.1) 0.580°
No 18 (51.4) 39 (45.9)

3pearson's Chi-square; PMann-Whitney's test; °t-Student

Abbreviations: FSGS: Focal segmental glomerulosclerosis; SD: Standard deviation; n: Sample number

who belonged to the fFSGS group were resistant to the
steroids (100%), while the sFSGS behaved differently
(59.7%) (p=0.001).

Discussion

FSGS is a common histological manifestation shared
by possibly different glomerular diseases that may not
be distinguished by routinely histopathological analysis,
which represents an obstacle in the adequate treatment of
the disease.

Our study presents evidence that sFSGS and fFSGS
share some clinical characteristics but behave differently
with regards to the treatment with steroids and
immunosuppressive drugs, which may have an impact on
clinical daily practice. In the present study we evaluated
124 patients with FSGS searching for eventual clinical

and laboratorial features that could contribute to the
differential diagnosis and management of familial and
sporadic forms of FSGS. It is worth to mention that this
study was developed in a service that assists patients who
are = 12 years-old.

Our results confirm that fFSGS and sFSGS are similar
with regards to gender, ethnicity, age at disease onset,
baseline serum creatinine (mean of 1.20 vs. 1.31 mg/
dL), hypertension, hematuria, hypercholesterolemia and
hypertriglyceridemia.

We observed that in sFSGS (vs. fFSGS), 24-hour
proteinuria had a trend to be higher than 3.0 g/24h
(p=0.080) associated with lower levels of serum albumin
(p=0.046), which shows that the sporadic form possibly
present more often with nephrotic syndrome, while the
familial form tends to have non-nephrotic proteinuria.
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Such findings may not impact on the differential diagnosis
between sFSGS and fFSGS when considered a particular
individual and not a group, but they can guide the
treatment and help the physicians to choose whether using
renoprotective drugs only for treating fFSGS.

Remission was observed only in part of the patients with
sFSGS (60%) after steroid therapy, as expected. However,
100% of the fFSGS patients were resistant to steroids
(p=0.001). It is of note that immunosuppressive therapy
is usually avoided in fFSGS, but consensual guidelines still
lack to approach this condition'®, and many patients with
fFSGS are still submitted to steroid therapy.

In the present study, some laboratory characteristics
were statistically different between fFSGS and sFSGS -
proteinuria and serum albumin levels and have clinical
significance. We consider such parameters as additional
features to distinguish between these two forms of FSGS
while assessing the patient. Certainly, these findings
contribute to distinguishing these two forms of FSGS
but they are not enough. In addition, their patterns of
proteinuria and degree of hypoalbuminemia may have
an impact on the rate of progression to end-stage kidney
disease of each form of FSGS, considering the importance of
persistent nephrotic syndrome (in particular high levels of
proteinuria and low levels of serum albumin in the present
study) on prognosis.

Among the limitations of the present study, we highlight
that the diagnosis of FSGS may be challenging, and it may
be difficult to distinguish FSGS from collagen 1V diseases
based on histological evaluation, particularly if electron
microscopy is not available.

It is of note that the prevalence of genetic FSGS is markedly
higher in children than in adolescents and adults, and the
conclusions of the present study are not applicable for children.

For the age range here studied although the clinical
characteristics of FSGS as familial or sporadic can suggest
the treatment, genetic studies are also recommended in
some cases. Previously our group showed that the genetic
analysis is little helpful among adults who likely present
the sporadic form of FSGS!’, regardless of the fact that
associated pathogenic mutations can occur in fFSGS as well
as in sFSGS, in children, adolescents and adults.

Genetic diagnosis in adult-onset FSGS can have far-
reaching consequences not only for the patient but also for
his/her family. Regardless of the role of the available gene
mutation panels of FSGS, a family history of kidney disease
may help to differentiate between both forms of FSGS. In fact,
a careful medical history may raise a suspicion for fFSGS,
indicating an active search for other affected individuals in
fFSGS, even among relatives that are still asymptomatic, as
well as the best disease management. Then a pedigree may
help to identify the inheritance pattern and so suggest the

more appropriate medical approach.
Conclusions

Pointed distinguishing features of sFSGS (higher
proteinuria and lower serum albumin, steroid
responsiveness when present) and fFSGS (family history of
glomerular and/or chronic kidney disease) can contribute
to disease management, including the treatment approach.
It is of note that a thorough disease history will be the first
clue for such differential diagnosis.

Genetic study can be recommended after considering
the prognosis and the therapeutic implications of
finding a pathogenic variant both in the patients or their
relatives. This information may guide genetic counseling
especially when a relative intend to donate a kidney for
transplantation in case of fFSGS in addition to the screening
for renal disease.
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