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Abstract Renal histological features of focal segmental
glomerulosclerosis (FSGS) are found in 75% of pediatric
patients with steroid-resistant nephrotic syndrome. In order
to evaluate the predictive factors of chronic kidney disease
(CKD), we retrospectively reviewed the records of 110
children with biopsy-proven FSGS admitted between 1972
and 2004. Renal survival was analyzed by the Kaplan—
Meier method and Cox’s regression model. Two multivar-
iate models were developed: (1) from the onset of
symptoms to the occurrence of CKD and (2) from the
time of renal biopsy to CKD. Mean follow-up time was
10 years [standard deviation ((SD) 5.5], and 24 patients
(21.8%) progressed to CKD. At baseline, after adjustment
three variables remained as independent predictors of
CKD: age >6.5 years (RR=3.3, 95% CI=1.3-7.8), creat-
inine >1 mg/dl (RR=2.5, 95% CI=0.97-6.5), and non-
response to steroids (RR=7.3, 95% CI=2.7-19.7). In a
model with continuous variables only age and non-
response to steroids were associated with CKD. At the
time of renal biopsy, after adjustment two variables
remained as independent predictors of CKD: hematuria
(RR=3.0, 95% CI=1.2-7.3) and creatinine >0.8 mg/dl
(RR=4.3, 95% CI=1.7-10.6). In a model with continuous
variables four factors predicted CKD: age, creatinine,
hematuria, and percentage of global sclerosis.
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Introduction

The International Study of Kidney Disease in Children
(ISKDC) reported primary focal segmental glomeruloscle-
rosis (FSGS) as a relatively rare cause of nephrotic
syndrome in children, observed in only 5% to 7% of
biopsies [1-3]. However, 75% of steroid-resistant patients
exhibit renal histological features of FSGS [4], although a
recent study reported 32.9% [5]. In addition, recent studies
have demonstrated an increased incidence of FSGS in adults
and children [6-8]. The clinical course and prognosis of
FSGS is heterogeneous in children. The reported frequency
of end stage renal disease (ESRD) ranges widely from 13%
to 78% in studies with up to 20 years of follow-up [9].

A number of studies have shown that some clinical,
laboratory, and pathologic features are predictors of
outcome, such as the degree of proteinuria at presentation,
presenting serum creatinine concentration, race, age at
diagnosis, extent of interstitial fibrosis, and morphologic
type of lesion (cellular or collapsing) [9-12]. However,
most of these studies with larger samples enrolled only
adult patients. In the pediatric setting, many cohort studies
have involved small numbers of patients and a relatively
short follow-up period.

This retrospective cohort study was undertaken with the
aim to identify variables that are possible predictors of
progression to chronic kidney disease (CKD) by using data
available at the time of onset of nephrotic symptoms and at
the time of renal biopsy.

Patients and methods

Patients The data were collected retrospectively from the
records of the Pediatric Nephrology Unit (PNU), Federal
University of Minas Gerais. The PNU is situated in Belo
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Horizonte (State of Minas Gerais, Brazil). The center is
associated with Hospital das Clinicas, a tertiary teaching
hospital belonging to the Brazilian Public Health System,
which provides clinical, laboratory and treatment support
to all patients at no charge. The Belo Horizonte region has
a total population of approximately 8 million. In the past
decade 30 new cases of nephrotic syndrome per year
(approximately 10% of FSGS) have been referred to the
PNU. The study included all children and adolescents
admitted from March 1972 to February 2004 with biopsy-
proven primary FSGS and a minimal follow-up period of
12 months. The diagnosis of primary FSGS was
established if there was no clinical evidence of a systemic
disease or if there was any pathologic evidence of primary
glomerular disease. The medical records were reviewed,
and patients with clinical evidence of systemic disease
associated with glomerulopathy, vesicoureteral reflux, or
solitary kidney (or nephrectomy) were excluded from
analysis. In addition, at entry to our Unit all patients with
nephrotic syndrome were submitted to serological tests for
hepatitis, syphilis, systemic lupus erythematosus, and,
more recently, HIV [13, 14]. The data reviewed were
obtained (1) at admission: gender, race, age at the onset of
nephrotic syndrome symptoms, age at admission, height,
weight, blood pressure, response to steroid therapy,
laboratory data (serum creatinine, serum urea, glomerular
filtration rate, 24-h urinary protein excretion, hematuria);
(2) at the time of renal biopsy: age, height, weight, blood
pressure, laboratory data (serum creatinine, serum urea,
glomerular filtration rate, 24-h urinary protein excretion,
hematuria). Ethnicity (variable race in analysis) was
established by clinical examination according to skin
color, hair color and texture. According to the Brazilian
Institute of Geography and Statistics (IBGE), 98.3% of the
Brazilian population has been categorized into three
“races”: white (53.7%), black (6.2%), and intermediate
color (38.4%) (http://www.ibge.gov.br/home/estatistica/
populacao/censo2000/populacao/cor_raca Censo2000.
pdf). For analysis purposes, the categories black and
intermediate color were merged under the “non-white”
label. Glomerular filtration rate (GFR) was estimated by
the method of Schwartz et al. [15]. Proteinuria (in grams
per 24 hours) was adjusted by body surface area (BSA)
because of the wide amplitude of age at entry in the study.
Blood pressure was measured according to the recom-
mendations of the Task Force on Blood Pressure in
Children. Blood pressure was standardized for age and
gender using the Task Force tables, and the 95th percentile
was used as the cut-off point [16, 17].

Treatment protocol Prednisone was started at a dose of
2 mg/kg per day (maximum daily dose 60 mg) adminis-
tered orally in a single morning dose for 4 weeks, followed
by 4 weeks of the same daily dose given every other day.
After week 8, prednisone was progressively tapered off at
the rate of 25% a week until complete discontinuation had
been achieved by week 12. Steroid-resistant or steroid-
dependent patients received cyclophosphamide at the dose
of 2 mg/kg for 12 weeks or 3 mg/kg for 8 weeks

concurrently with low-dose prednisone. Since this was a
retrospective study there was inevitable heterogeneity in
the treatment of steroid-resistant and cyclophosphamide
non-responder patients. Patients who did not respond to
this initial regime were given high-dose methylpredniso-
lone, intravenously, plus oral administration of an alkyl-
ating agent as proposed by Mendoza et al. [18] or, more
recently, cyclosporine at an initial dose of 5 mg/kg per day.
Patients classified as steroid-dependent were given a low
dose of alternate-day prednisone for a long-term period.
The definitions of steroid-dependent, steroid-resistant and
frequent-relapser nephrotic syndrome were made accord-
ing to the International Study of Kidney Disease in
Children [19]. Patients were also classified according to
their response to the initial course of prednisone at our
Unit (by week 8): (1) a complete response was defined as a
proteinuria <0.3 g/day and clinical remission of nephrotic
syndrome; (2) a partial response was defined as urinary
protein excretion of <1 g/day and >0.3 g/day, and (3) no
response was defined as urinary protein excretion of >1 g/
day. For analysis purposes, the categories “complete
response” and “partial response” were merged into a
single category.

Histopathological analysis All biopsies were stained with
hematoxylin—eosin, periodic acid-Schiff (PAS), and Mas-
son’s trichrome for light microscopy evaluation, and with
fluorescent antibodies against IgG, IgM, IgA, and C3 for
immunofluorescence analysis. The diagnosis of FSGS was
established on morphologic grounds from the kidney
biopsy according to the criteria of the International Study
of Kidney Diseases in Childhood [2]. All specimens were
reviewed for the present study by the same pathologist
who was blind to the clinical outcome. The severity of
glomerular changes was assessed by calculating the
percentage of glomeruli with segmental and total sclerosis.
The localization (vascular/tuft) and morphology (collaps-
ing/cellular) of the changes were also determined. Other
histological changes (mesangial cellularity, interstitial
fibrosis, interstitial infiltration, tubular atrophy and blood
vessel involvement) were scored according to a semi-
quantitative scoring system as follows: O=no change,
1=focal changes, 2=mild involvement, 3=moderate chang-
es, and 4=severe changes [20].

Predictive factors Two models were developed: (1) from
the onset of symptoms of nephrotic syndrome to the
occurrence of CKD; (2) from the time of renal biopsy to
CKD (see below). For the first model the following
variables were recorded: age at admission, gender, race,
hypertension, serum creatinine concentration, GFR, serum
urea level, hematuria (more than five red blood cells per
cubic millimeter), proteinuria (in grams per 24 hours per
BSA), and initial response to prednisone. For the second
model the same variables were recorded at the time of
renal biopsy. In addition, pathologic variables were also
included in the analysis: global sclerosis (percentage),
segmental sclerosis (percentage), localization (vascular/
tuft), and morphology (collapsing/cellular). Three histo-
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logical variables were dichotomized (absent/present):
mesangial hypercellularity, vascular involvement, and
tubulointerstitial fibrosis.

Moreover, two different strategies were used for each model.
First, models were developed with all categorized variables
as presented in Tables 1 and 2. The code used for
dichotomous variables was 1 (presence) and 0 (absence).
Continuous variables were categorized using either tradi-
tional cut-off levels or the third quartile for continuous
variables. Second, models were developed with all variables
included in the model as they were initially recorded (i.e.,
continuous variables without dichotomization).

Outcome CKD, defined as estimated glomerular filtration
rate <60 ml/min per 1.73 m* BSA in two consecutive
examinations, was considered as the outcome variable in
the analysis. Renal survival was measured from the date of
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onset of nephrotic symptoms to the date of CKD. Chronic
kidney disease stage 5 was defined as a GFR <15 ml/min
per 1.73 m* BSA or the need for renal replacement
therapy.

Statistical analysis Data are reported as the mean and
standard deviation (SD). For both models the analysis was
conducted in two steps. In the first, we performed
univariate analysis to identify variables that were sig-
nificantly associated with adverse outcome. Univariate
analyses were performed by the Kaplan—-Meier method
[21]. Differences between patient subgroups were assessed
by the two-sided log rank test. Cox’s regression model was
applied to identify variables that were independently
associated with adverse outcome [22]. Only those
variables that were found to be associated with adverse
outcome by univariate analysis (P<0.25) were included in
Cox’s regression model. Then, in a backward elimination

Table 1 Univariate analysis of predictive factors of CKD among 110 patients with FSGS

Factor CKD (+) n=24 CKD (-) n=86 Log rank P
Clinical features

Gender

Male 15 56

Female 19 30 0.00 0.98
Race

White 15 40

Non-white 19 46 1.86 0.17
Age (years)

<6.5 11 71

>6.5 13 15 16.9 <0.001
Blood pressure

>p 90 12 43

<p 90 12 43 0.09 0.77
Response to steroids

Partial/total 7 69

Absent 15 17 32.8 <0.001
Decade of admission

<1980 6 7

>1980 18 69 2.86 0.09
Initial laboratory findings

Serum urea

>40 mg/dl 5 16

<40 mg/dl 19 70 0.75 0.38
Serum creatinine

>1.0 mg/dl 9 5

<1.0 mg/dl 15 81 20.6 <0.001
Glomerular filtration rate

>95 ml/min per 1.73 m? BSA 7 41

<95 ml/min per 1.73 m®> BSA 17 45 0.73 0.39
Hematuria

Present 13 29

Absent 11 57 4.50 0.03
Proteinuria 24 h

>6 g/BSA 8 20

<6 g/BSA 16 66 1.05 0.30
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Table 2 Univariate analysis of predictive factors at time of renal biopsy (n=104)

Factor CKD (+) n=21 CKD (-) n=83 Log rank P
Clinical features

Gender

Male 14 54

Female 17 29 0.06 0.81
Race

White 13 38

Non-white 8 45 1.57 0.21
Age (years)

>11 8 16

<11 13 67 3.01 0.08
Blood pressure

>p 90 10 28

<p 90 11 55 1.27 0.25
Laboratory findings

Serum urea

>40 mg/dl 3 10

<40 mg/dl 18 73 0.04 0.74
Serum creatinine

>0.8 mg/dl 3 3

<0.8 mg/dl 18 80 8.69 0.003
Glomerular filtration rate

>95 ml/min per 1.73 m? BSA 7 50

<95 ml/min per 1.73 m®> BSA 14 33 3.39 0.065
Hematuria

Present 11 25

Absent 10 58 3.76 0.05
Proteinuria 24 h

> 5.0 g/BSA 4 23

< 5.0 g/BSA 17 60 0.16 0.69
Pathologic features

Global sclerosis

>18% 8 18

<18% 13 65 2.31 0.12
Segmental sclerosis

>25% 6 20

<25% 15 63 0.09 0.76
Morphology of lesion

Collapsing 2 14

Classical 19 69 0.69 0.40
Scar location

Tubular 0 11

Vascular 21 72 2.11 0.14
Mesangial hypercellularity

Present 7 27

Absent 14 56 0.09 0.77
Vascular involvement

Present 7 35

Absent 14 48 1.17 0.27
Tubulointerstitial fibrosis

Present 7 28

Absent 14 55 0.02 0.88
Tubular atrophy

Present 8 28

Absent 13 55 0.02 0.90




strategy, those variables that retained a significant inde-
pendent association with adverse outcome (P<0.05) were
included in the final model [23]. Model assumptions were
checked graphically by log-minus-log versus time plots for
each variable.

Ethical aspects: the study was approved by the Ethics
Committee of UFMG.

Results
Baseline findings (n=110)

A total of 110 patients was included in the analysis; 71
were male (64.5%), and 55 (50%) were white. The median
age at admission was 5 years (range 1 year—15 years).
Mean follow-up time was 10 years (SD 5.5, range
12 months to 26 years). A total of 87 (79%) patients was
followed up for more than 5 years and 61 (55.4%) for more
than 10 years. Twenty-four patients (21.8%) progressed to
CKD in a median time of 85 months (range 15-212
months) after the onset of nephrotic syndrome and in a
median time of 48 months (range 6—194 months) after the
renal biopsy. Twenty-two patients progressed to CKD
stage 5. The probability of CKD was estimated to be 8% at
5 years, 17% at 10 years, 32% at 15 years, and 43% at
20 years after the onset of nephrotic syndrome. The main
clinical and biochemical characteristics and unadjusted
renal survival analysis of the 110 patients included in the
study are shown in Table 1.

In the renal survival analysis four variables recorded at
admission were found to be significantly associated with
the development of CKD during follow-up: age >6.5 years,
non-response to steroids, creatinine >1.0 mg/dl, and
hematuria. The estimate of renal survival at 10 years after
the onset of nephrotic syndrome was of 89% for patients
<6.5 years, as opposed to 59% for patients above this age.
Figure 1 illustrates the influence of age at onset of
symptoms on the development of CKD. Response to
therapy with prednisone at admission was complete in 42
children (38.8%) and partial in 34 (31.4%), and 32 (29.6%)
patients presented resistance to the initial course of
prednisone. Two patients who developed CKD were not
classified according to initial response to prednisone due to
non-adherence to the treatment protocol. Renal survival
was estimated at 10 years after diagnosis in 96% for
patients who presented a complete or partial response to the
initial course of steroids, whereas the estimate for patients
without a response was 54% (Fig. 2). The median renal
survival time for patients who did not respond to predni-
sone was 12 years (95% CI=5.3-18.6). Survival was
estimated at 89% 10 years after the onset of symptoms in
patients with creatinine <1.0 mg/dl at admission and at
43% for patients with creatinine >1.0 mg/dl (Fig. 3).
According to our criteria, two other variables were
included in multivariate analysis: white race and decade
of admission before 1980. In multivariate analysis, after
adjustment three variables remained as independent
predictors of chronic renal failure (CRF) in children and
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adolescents with FSGS: age >6.5 years (RR=3.3, 95% Cl=
1.3-7.8, P=0.007), creatinine >1 mg/dl (RR=2.5, 95% CI=
0.97-6.5, P=0.056), and non-response to steroids (RR=7.3,
95% CI=2.7-19.7, P<0.001). The median renal survival
time was 2.9 years (95% CI=0.9-4.9) for patients who
presented the three predictive factors and 6.2 years for
patients with two factors (95% CI=3.2-9.3) (Fig. 4). All
four patients who presented the three factors developed
CKD, whereas only 8.5% (five out of 59) of patients
without any predictive factors presented deterioration of
renal function. In multivariate analysis including continu-
ous variables, only two variables remained as independent
predictors of CKD at baseline: age (RR=1.014, 95% ClI=
1.004-1.0023, P=0.004) and non-response to steroids
(RR=7.7, 95% CI=2.7-19.5, P<0.001).

Data at the time of renal biopsy (n=104)

All patients were submitted to a renal biopsy at a median
age of 6.9 years (range 1 year—19 years). The median time
span between onset of symptoms and renal biopsy was
2 years (range 1 month—13 years). Six patients were
excluded from this analysis: two children had already
presented a GFR <60 ml/min per 1.73 m* BSA at the time
of the renal biopsy, and laboratory data could not be
retrieved for four other patients. The probability of CKD
was estimated to be 15% at 5 years, 25% at 10 years, and
33% at 15 years after the renal biopsy. The main clinical,
biochemical, and pathologic characteristics at the time of
renal biopsy and the unadjusted renal survival analysis are
shown in Table 2.

In the renal survival analysis two variables recorded
close to the time of renal biopsy were found to be
significantly associated with the development of CKD
during follow-up: hematuria and creatinine >0.8 mg/dl.
The estimate of renal survival at 10 years after the renal
biopsy was 68% for patients with hematuria at the time of
biopsy and 78% for patients without hematuria. Renal
survival 10 years after the renal biopsy was estimated at
84% in patients with creatinine <0.8 mg/dl and at 49% in
patients with creatinine >0.8 mg/dl recorded soon after the
renal biopsy. Age >11 years at the time of renal biopsy was
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Fig. 1 Kaplan—Meier survival curves showing the probability of
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Fig. 4 Kaplan—Meier survival curves showing the combined effect
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marginally associated with CKD. Renal survival 10 years
after the renal biopsy was estimated at 81% and 55% in
patients younger and older than 11 years, respectively.
GFR at the time of renal biopsy was also marginally
associated with CKD. Renal survival 10 years after the
renal biopsy was estimated at 83% and 66% in patients
with GFR >95 ml/min per 1.73 m? BSA and <95 ml/min
per 1.73 m®> BSA, respectively. Among the pathologic
features, only two variables presented a marginal associ-
ation with CKD: global sclerosis and localization of the
scar (Table 2). According to our criteria, two other
variables were included in multivariate analysis: race and

blood pressure >95th percentile. In multivariate analysis,
after adjustment two variables remained as independent
predictors of CKD at the time of renal biopsy: hematuria
(RR=3.0, 95% CI=1.2-7.3, P=0.015) and -creatinine
>0.8 mg/dl (RR=4.3, 95% CI=1.7-10.6, P=0.001). The
median renal survival time was 2.6 years (95% CI=1.1—
4.0) for patients who presented the two predictive factors
and 16 years (95% CI=9.5-22.8) for patients with one risk
factor at the time of renal biopsy (Fig. 5). In multivariate
analysis including continuous variables, four variables
remained as independent predictors of CKD at the time of
renal biopsy: age (RR=1.15, 95% CI=1.041-1.268,
P=0.006), percent global sclerosis (RR=1.041, 95% CI=
1.002—-1.080), P=0.037), serum creatinine concentration
(RR=8.8, 95% CI=1.4-55.1, P=0.02), and presence of
hematuria (RR=4, 95% CI=1.4-10.4, P=0.004).

Discussion

In this retrospective cohort study we investigated possible
predictive factors of CKD in children and adolescents with
primary FSGS. We developed two models of prediction of
renal survival. In the first multivariate model, based on
categorized variables recorded at onset of nephrotic
syndrome, three independent factors were identified by
the Cox regression model: age >6.5 years, creatinine
>1.0 mg/dl, and non-response to a standard 8-week
prednisone protocol. On the other hand, when variables
were inserted as originally recorded, only two were found
to be predictive of CKD: age and non-response to
prednisone. In the model based on time of renal biopsy,
two variables were predictors of CKD: creatinine >0.8 mg/
dl and presence of hematuria. Of note, in the model with
continuous variables at the time of renal biopsy, four
variables were found to be associated with CKD: age,
percent global sclerosis, serum creatinine level, and
presence of hematuria.

It is important to point out the limitations associated
with the retrospective design of our study. The possible
main weakness is the limited control over patient
treatment through the decades, because of the large span
of time of patient enrollment in our cohort. For example,
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Fig. 5 Kaplan—Meier survival curves showing the combined effect
of serum creatinine and presence of hematuria at the time of renal
biopsy on renal survival



four patients had to be excluded from the second model
because laboratory data were not appropriately collected
at the time of renal biopsy. Nevertheless, some features of
the study may increase the strength of our findings, such as
the size of our sample, management by the same medical
team, and length of follow-up.

In our series 24 patients (21.8%) presented deterioration
of renal function, and the probability of CKD was
estimated at 17% at 10 years and at 32% at 15 years after
the onset of initial symptoms of nephrotic syndrome. A
number of cohort studies of FSGS in children [9, 12, 24—
30] and in adults [11, 31-36] has been reported in
literature. Other studies have included both children and
adults in the analysis [20, 37-39]. Nevertheless, few
studies in the pediatric setting have investigated predictive
factors of outcome. In addition, a small number of studies
has applied survival analysis and estimated the probability
of impairment of renal function over time, with adjustment
for possible confounders. In adults with FSGS the degree
of proteinuria at presentation has been the clinical feature
most often used to predict the clinical course [40]. The
presence of nephrotic-range proteinuria has been asso-
ciated with a poor prognosis in primary FSGS, with 50% of
patients reaching CKD over 6 to 8 years [10, 31, 37, 41].
However, a recent study applying multivariate analysis did
not demonstrate the degree of proteinuria as an indepen-
dent predictor of renal survival [32]. Yoshikawa et al. [28]
have demonstrated a similar prognosis in pediatric patients
with FSGS with and without nephrotic syndrome. In our
series all patients presented with nephrotic syndrome, and
we investigated the degree of proteinuria as a predictor of
renal survival. Our findings suggest that the degree of
proteinuria at baseline as well as at time of renal biopsy was
not a predictor of CKD in children and adolescents with
nephrotic syndrome and primary FSGS.

In the present study, age >6.5 years at onset of nephrotic
syndrome was a strong predictor of CKD in univariate
analysis as well as in multivariate analysis. In addition, age
as a continuous variable was also found to be associated
with CKD at the onset of nephrotic syndrome and at the
time of renal biopsy. In the Cox regression model with
continuous variables the interpretation of the risk of CKD
is different. For example, the relative risk estimated for age
at the time of renal biopsy was 1.15 (95% CI=1.041-1.268,
P=0.006). Thus, according to our analysis, for each
increase in age by 1 year the risk of CKD increased by
approximately 15%. To our knowledge no studies in the
pediatric setting have specifically investigated the age at
onset of nephrotic syndrome as a predictive factor of renal
survival in FSGS. Ellis et al. [24] reported a mean age at
onset of disease of 5.3 years (SD 4.5) in 20 children with
FSGS who retained normal renal function and of 7.6 (SD
4.4) in 12 patients with renal failure. Sorof et al. [9]
reported that the probability of FSGS increases with age in
pediatric patients with proteinuria, especially in African-
American patients, although the authors did not examine
the implication of this fact in prognosis.

Serum creatinine concentration at onset of disease has
been regarded as a predictor of renal failure by many
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studies on adult patients. Wehrmann et al. [38] investigated
250 patients with FSGS with a mean age of 32 years and
reported that creatinine levels higher than 1.3 mg/dl at the
time of renal biopsy were predictive of renal failure, in
univariate analysis. However, in multivariate analysis,
creatinine level did not remain as an independent prog-
nostic marker. Other studies have also demonstrated that
patients with creatinine >1.3 mg/dl at presentation had a
significantly poorer renal survival [36, 41, 42]. Chitalia et
al. [32] investigated 111 patients (16 to 70 years at the time
of renal biopsy) and showed that plasma creatinine
>0.14 mmol/l was a predictor of renal failure, in both
univariate and multivariate analysis. In our series, serum
creatinine at baseline as well as at the time of renal biopsy
was a predictor of renal survival. The estimated probability
of renal survival at 10 years after the onset of nephrotic
syndrome for patients with serum creatinine <1.0 mg/dl at
admission (89%) was twice that for children with creatinine
>1.0 mg/dl (43%). Interestingly, at the time of renal biopsy,
creatinine at a slightly lower cut-off point (0.8 mg/dl) was
an even stronger predictor of CKD, in either univariate or
multivariate analysis. However, these results should be
interpreted with caution in the pediatric setting, because a
creatinine cut-off point of 1 mg/dl has a different
significance for children of distinct ages. In is important
to notice that creatinine concentration as a continuous
variable remained as a predictor of CKD only at time of
renal biopsy.

The initial response to corticosteroids in patients with
idiopathic FSGS has been considered poor, and only about
20% to 25% of them achieve complete remission of
proteinuria [43]. Recently, we described the response of
our patients after the first course of 8 weeks of prednisone
[44]. The response to prednisone was complete in 42
children (38.8%) and partial in 34 (31.4%), and 32 (29.6%)
patients were resistant to the initial course of prednisone.
Two patients were not classified according to initial
response to prednisone due to non-adherence to the
treatment protocol. The initial response to the standard
steroid protocol has been regarded as a powerful predictor of
renal failure by many studies of children and adult patients
[45]. In our series, at baseline the stronger predictor of renal
survival was the total or partial response to the initial 8-week
course of prednisone. The median renal survival time for
patients who did not respond to prednisone was 12 years
(95% CI=5.3-18.6), whereas only 4% of patients who had a
total or partial response to prednisone presented CKD
10 years after the onset of nephrotic syndrome. Arbus et al.
[25] demonstrated a 10-year renal survival rate of 100% for
patients who achieved consistent remission and only of 38%
for those who did not respond. Cattran and Rao [39]
reported long-term renal survival of 100% in children with
complete remission of proteinuria after a prednisone course,
as opposed to a 73%, 58%, and 51% rate over 5 years,
10 years, and 15 years, respectively, for children without
remission. Recently, Chun et al. [11] have shown in a series
of adult patients an overall renal survival rate of 92% and
33% at 10 years for those patients who, respectively,
attained or did not attain remission. Of note, some studies



1010

have shown that patients with steroid-resistant nephrotic
syndrome with homozygous or compound heterozygous
mutations in NPHS2 do not respond to standard steroid
treatment and have a reduced risk of recurrence of FSGS in a
renal transplant [46, 47].

In the present study we did not confirm some variables,
such as race and degree of proteinuria, as predictors of renal
survival. In the study by Ingulli and Tejani [48] of 70
nephrotic children with FSGS, 78% of black patients had
progressed to ESRD over 8.5 years of follow-up as compared
with only 33% of white patients. In the study by Sorof et al.
the estimated 5-year renal survival was only 8% in African-
American (AA) children compared with 31% in non-AA
patients. However, Rydel et al. [42] did not find any
significant racial difference in the rate of renal survival in
nephrotic adults with FSGS. The 10-year renal survival rate
was 64% for black patients and 55% for white patients. Race,
as a prognostic marker in FSGS, is a complex issue to
ascertain, since patients labeled as “black™ or “white” may
have quite different genetic backgrounds, especially in
regions with a high rate of miscegenation. Brazilians form
one of the most heterogeneous populations in the world,
which is the result of five centuries of interethnic crosses of
peoples from three continents: the European colonizers,
mainly represented by the Portuguese, the African slaves,
and the autochthonous Amerindians. Recently, in an elegant
study, Parra et al. [49] have shown that in Brazil, at the
individual level, color, as determined by physical evaluation,
is a poor predictor of genomic African ancestry, estimated by
molecular markers. Thus, the absence of significance of the
variable “race” in our analysis was somewhat expected,
because the physical characteristics of the Brazilian popu-
lation are not reliable markers of genetic ancestry.

The prognostic significance of histologic features has
been extensively assessed in adult patients [11, 32-34, 36,
38, 50, 51]. Only the extent of interstitial fibrosis has been
shown to consistently predict a poor prognosis [32, 40]. In
our pediatric population we found only the proportion of
glomeruli with global sclerosis to be a continuous variable
predictive of CKD. The estimated relative risk was 1.041
(95% CI=1.002-1.080), meaning that, for each increase in
10% of glomeruli with global sclerosis, the risk of CKD
increased by approximately 40%. Ibels et al. [52] reported
on a series of 68 patients (mean age 44 years, range 8 to
78 years) with primary FSGS and also showed that the
percentage of glomeruli with global and segmental sclero-
sis was a predictor of adverse outcome, in a multivariate
analysis. However, the percentage of global sclerosis has
not been found to be a predictor of renal survival in the
adult population [11, 34]. A less severe histopathological
involvement found in younger patients may account for the
scarce significance of histological features as predictor of
renal outcome. For example, Gulati et al. [20] have shown
that the histological features of renal specimens from
children older than 12 years and adults are more
extensively affected than those of specimens from younger
children. In our series there was a preponderance of mild/
moderate glomerular involvement, tubular atrophy, and
interstitial fibrosis. These findings are concordant with

those of other pediatric series [24, 25, 30]. Therefore,
probably in children and adolescents with FSGS, clinical
variables are more powerful predictors of renal survival
than histopathological features. In addition, Ichikawa and
Fogo [53] pointed out that the lack of correlation between
renal outcome and structural involvement in FSGS is
expected, because the heterogeneous histological involve-
ment at the whole kidney level is deducted by random
sampling and single-section analysis of the material
obtained by biopsy. Even in the adult population, Chun
et al. [11] have demonstrated that patients who attained
remission had excellent prognosis, regardless of the
histologic lesion.

The possible main clinical implication of our study of
predictive factors of CKD in pediatric patients with FSGS is
that there is a subgroup of patients with a patently worse
prognosis. The mean renal survival time for patients older
than 6.5 years, with serum creatinine >1.0 mg/dl and no
response to the initial course of prednisone, was only
2.9 years (95% CI=0.9-4.9) after the onset of nephrotic
syndrome. An accurate estimate of the prognosis of chronic
diseases is particularly important for several reasons. First,
prognostic information is useful to advise patients and
parents about the likely outcome of the disease. Second,
knowledge about the prognosis for an individual patient or
subgroups of patients can be used as a guide for selecting
therapeutic options. Third, the identification of the variables
with most influence on the rate of progression to CKD may
lead to important etiologic and pathogenic insights and
allow the characterization of relevant therapeutic targets
[32]. Therefore, for this subgroup of children and
adolescents, alternative treatment protocols must be devel-
oped and assessed in appropriate, randomized, clinical trials.

In conclusion, the clinical course of primary FSGS in
children and adolescents is heterogeneous. In the present
study various potential clinical or histological features were
assessed by the proportional hazard model, and some
variables were identified as significant predictors of renal
survival. At presentation, three factors were predictive of
CKD: age, creatinine level, and non-response to predni-
sone. At the time of renal biopsy, four factors were
predictive of CKD: age, percentage of global sclerosis,
creatinine level , and presence of hematuria.
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