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Histologic variants of primary focal segmental glomerulos-
clerosis: presentation and outcome

ABSTRACT

Introduction: The clinical significance
of histologic variants of primary focal
segmental  glomerulosclerosis  (FSGS)
remains unclear. With the aim to
determine presentation and outcome
of the variants of FSGS in a hispanic
population, we studied our cases of
this glomerulopathy. Methods: In this
retrospective study, all renal biopsies
with FSGS (1998-2009), were classified
accordingto the Columbia'sclassification.
We analyzed histological, clinical and
follow-up data and compared among
variants. Results: Among 291 cases, 224
(77.0%) corresponded to NOS variant,
40 cases (13.7%) to tip variant (TIP), 14
cases (4.8%) to perihilar (PH), 10 cases
(3.4%) to collapsing (COLL) and three
cases (1.0%) to cellular variant (CELL).
Median age: 26 years (range 1 to 79);
74 patients (25.4%) were < 15 years of
age. Hypertension and renal dysfunction
were more frequent in PH and COLL
cases. PH presented frequently as non-
nephrotic proteinuria. There were fewer
histologic chronic lesions in TIP cases.
There was remission in 23.5% of patients
with NOS, 57.7% of patients with TIP,
22.2% of patients with COLL and 0
patients with PH (p < 0.01). Chronic
kidney disease (CKD) was less frequent in
TIP than in the other variants (p = 0.03).
There were not statistical differences for
end-stage renal disease among variants.
Conclusion:  Glomerular  histological
appearance is not a good indicator of
outcome. COLL is a disease with many
differences to the other variants and bad
prognosis; PH is a variant mainly of
adults, with frequent evolution to CKD.
TIP appears as a less aggressive, although
not benign, variant.
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INTRODUCTION

Although we refer to “focal and segmental
glomerulosclerosis” (FSGS) as a glomerular
disease, at present, this glomerular “mor-
phological change” is considered a “pattern
of injury”! associated to diverse factors (se-
condary) or without any “known” asso-
ciated factor or cause (primary); in fact, it
is a morphologic presentation common to
diverse mechanisms of disease. Its diagnosis
is based on morphological changes: focal
and segmental sclerosis and/or hyalinosis,
and absence of diffuse immune deposits on
immunopathology. In the future, when we
will know more about the etiology and pa-
thogenesis, the term “FSGS” will be obsole-
te, and each case will be renamed according
to its cause or physiopathology.? The term
“FSGS” is a misnomer, as it is not always fo-
cal or segmental, or even sclerotic (in some
cases the lesions are hyaline or collapsing);®
nevertheless the denomination “FSGS” is
extensively used. FSGS is considered the
main cause of nephrotic syndrome in some
ethnic/geographical groups, and it is one
of the three main causes of the syndrome
worldwide.*® In our country and in Latin
America FSGS is the more frequent primary
glomerulopathy diagnosed by biopsy.**
Define, diagnose, and treat a disease
that is heterogeneous in morphology and
clinical presentation is a difficult task, as
it is to compare its prognosis and treat-
ment among different centers. Our igno-
rance has led us to try dividing the disease
according to their morphological features.
Several histological variants has been
described, and now the more used mor-
phologic classification is known as “the
Columbia classification” of FSGS,’ with



five pathologic variants: collapsing (COLL), cellular
(CELL), tip (TIP), perihilar (PH) and not otherwise
specified (NOS). However the prognostic and ther-
apeutic utility of this classification remains unclear,
largely because studies that have assessed the clinical
relevance of the histologic variants of primary FSGS
are few and conflicting, and several with short follow-
up time.

The aim of this retrospective work was determine
the clinical and histological features, and outcome
of the morphologic variants of FSGS in a different
geographical population.

MEeTHODS

This is a descriptive, retrospective, clinicopathologic
study. All native renal biopsies diagnosed as FSGS in
our department between August 1998 and December
2009 were revised and classified according to the
Columbia classification of FSGS.’ Light microscopic
examination of slides (21 to 42 sections) stained with
haematoxylin and eosin, Masson’s trichrome, PAS,
and methenamine-silver provided the diagnosis of
FSGS and categorization into one of the five variants.
Immunofluorescence (for IgA, IgG, IgM, C3, Clq,
k, and A) and clinical information were used to ex-
clude nonprimary causes of FSGS or other glomeru-
lopathies. Cases with low serum complement levels,
no proteinuria, systemic disease, chronic viral in-
fection, any suspect of immune-mediated disease,
congenital nephrotic syndrome, or familial history
of renal disease suggesting a hereditary glomeru-
lopathy were excluded. All the cases diagnosed
as minimal change disease were also revised, and
those with tip lesions (n = 3) were included in the
study as TIP cases. All the specimens were cylinders
obtained by core biopsy. Criteria to assign each
case in a category of the Columbia classification
was based exclusively in the paper by D’Agati et
al.’ (the original publication of the classification)
(Figure 1); to diagnose TIP or PH it was required
to identify the proximal tubular pole or the glo-
merular vascular pole, respectively, in the defining
glomerulus. Glomeruli with global sclerosis (GS)
and glomeruli with segmental lesions were quanti-
fied as percentage of total glomeruli or percentage
of viable glomeruli, respectively. The percentage of
interstitial fibrosis was semiquantitatively calculated
as no fibrosis or mild, moderate or severe, according
to Banff schema for renal allograft classification.!

Variants of focal segmental glomerulosclerosis

Arteriolar hyalinosis was registered as present or
absent. The histological evaluation was blinded to
clinical and follow-up data.

Figure 1. A: Glomerulus with a synechia of the tuft just at the tubular
origin, a lesion defining the tip variant; B: Glomerular sclerosis and
hyalinosis in the vascular pole; in some cases serial sections are
required to identify the vascular pole; C: Collapsing lesion with
notorious hypertrophy and hyperplasia of podocytes; D: Segmental
and focal endocapillary proliferation. In an adequate immunopathologic
and clinical context, this alteration could correspond to the cellular
variant of FSGS; A-C: Methenamine-silver stain; B: PAS stain, and
D: Hematoxylin-eosin stain, all x400.

All biopsies came from patients considered as
hispanic, according to geographical origin, physical ap-
pearance/skin colour, and self-identification, although
we know that these features do not exactly indicate
racial/ethnic origin because genetic heterogeneity exists
and patients could have either Caucasian or African
genetic background;''? Hispanic race/ethnicity is a
particular mix of ancestors from different races.

Demographic, clinical, and laboratory information
at the time of renal biopsy and at follow-up (when
possible) was obtained, from medical records, on each
patient. Patient’s data included gender, age, blood
pressure, level of protein excretion, serum creatinine
(SCr), and measured creatinine clearance (CrCl) at pre-
sentation. Presentation was defined as the time when
proteinuria was first detected. Hypertension was de-
fined as systolic blood pressure equal to or greater
than 140 mmHg and/or diastolic blood pressure
equal to or greater than 90 mmHg, according to the
Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of
High Blood Pressure.!® At the end of follow-up SCr,
CrCl, and presence or not of chronic kidney disease
(CKD) and end-stage renal disease (ESRD) were regis-
tered. CKD was defined as CrCl persistently < 60 mL/
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min. Complete remission was defined as proteins in
urine < 0.3 g/24h in adults, and < 4 mg/m?*h in < 15
years old, and partial remission was defined as protein-
uria between 0.31 and 2.5 g/24h in adults and between
4 and 40 mg/m?%h in < 15 years old. We compare clini-
cal and morphological features among the histological
variants of FSGS. ESRD was registered in all the cases
with this event, although for the analyses of outcome,
CKD was taken as the endpoint. For follow-up
analyses we included only patients with at least 2 years
of follow-up, or patients developing the end-point
before two years.

STATISTICAL ANALYSES

Data are expressed as mean = SD or, where indicated,
as median and ranges, according to the variables and
Kolmogorov-Smirnov test for normality. y* test, or
Fisher’s exact test were used to compare percentages.
Unpaired ¢ test or Mann-Whitney test were used to
compare means, according to normality test. P values
< 0.05 were considered statistically significant in two
tailed tests. All analysis was done using SPSS® soft-
ware, version 16.0 (SPSS Inc, Chicago, IL).

ResuLts

Among 1.412 native renal biopsies in the time period
of the study, 291 had the confirmed diagnosis of pri-
mary FSGS (20.6%; 27.7% of glomerulopathies).
According to the Columbia classification, 224 cases
(77.0%) correspond to NOS variant, 40 cases (13.7%)
to TIP, 14 cases (4.8%) to PH, 10 cases (3.4%) to
COLL and 3 cases (1.0%) to CELL. Median age of
patients was 26 years (range 1 to 79); 74 patients
(25.4%) were < 15 years of age; 26 patients (8.9%)
were > 60 years of age; 56.7% were males. There
were not cases of PH in < 15 years old. As so few
patients were identified with CELL, data for this
group are presented but not included in the statistical
comparisons among variants. Clinical characteristics
at presentation are shown in Table 1. Patients with
PH were significantly older, and patients with TIP
and COLL significantly younger. Hypertension was
more frequent in patients with PH and COLL. Also,
serum creatinine level and creatinine clearance were
more altered in PH and COLL cases. Although the
level of proteinuria was higher in COLL, it was statis-
tically significantly only in < 15 years old. PH variant
presented more frequently than the other variants as
non-nephrotic proteinuria (Table 1).
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The number of glomeruli for evaluation by light
microscopy was 16.7 = 12.9 (range 6-104; median: 14)
and there was no significant difference among groups
(Table 2). There were significantly less global glomer-
ulosclerosis, glomerular segmental lesions, interstitial
fibrosis and arteriolar hyalinosis in TIP cases than in
the other variants (Table 2). In COLL cases there were
significantly more glomerular segmental lesions, and
in PH significantly more arteriolar hyalinosis than
in the other variants (Table 2). In TIP, glomerular
lesions included glomerular tip lesion alone in 25
cases (62.5%) and tip lesion with peripheral and/or
indeterminate lesions in 15 (37.5%).

CuinicaL OuTtcome

Follow-up data were available on 151 patients
(51.9%), 8 of them developed ESRD before 2 years of
follow-up (at 6-18 months). The number of cases wi-
th follow-up data for variant was: NOS: 105 (46.9%
within this variant); tip: 26 (65.0%); perihilar: 8
(57.1%); COLL: 9 (90%). In the 3 cases of cellular
variant there was follow-up (25, 28 and 36 months).
The median of follow-up in patients who did not
develop ESRD before 2 years was 40.0 months
(24.3-160.0); 65.2% of the cases with > 36 months.

Treatment was very variable among patients; many
received several immunosuppressants, including pred-
nisone, cyclosporine, mycophenolate, azathioprine and/
or cyclophosphamide, for a variable time. Although an
adequate comparison for treatment among variants
was not possible, there were not statistical differences
for percentage of cases receiving immunosuppressants.

Remission (complete or partial) was attained
in 23.5% of patients with NOS, 57.7% of patients
with TIP, 22.2% of patients with COLL and in 0 pa-
tients with PH (p < 0.01) (Table 3). CKD was signifi-
cantly less frequent in TIP than in the other variants
(p = 0.03). With our follow-up time, there was not
statistical difference for ESRD among variants. The
statistical differences for remission and CKD were
lost in the group of patients < 15 years old (Table 3).

The median of follow-up in patients who developed
CKD was 50.0 months (24.3-160.0) and in patients
no developing CKD was 49.2 months (24.4-159)
(p = 0.47). There were not statistical differences for
follow-up time between patients with and without
CKD in the groups with NOS, TIP, PH, and COLL.
In patients with CELL, two developed CKD, one with
ESRD; the other one had complete remission.
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TabLE 1 CLINICAL CHARACTERISTICS AT PRESENTATION

Characteristics NOS TIP Perihilar Collapsing p
n 224 40 14 10 -
Male 54% 60% 78.6% 60% 0.23
Age? 28 (1-79) 17 (1-65) 44 (18-65) 11 (3-66) < 0.01
Hypertension® 67.1% 50% 83.3% 100% 0.03
Creatinine® 12+10 1.1+10 14+ 0.6 28+38 0.03
Creatinine clearance 80.5 £ 33.4 92.1 £33.0 74.3 +£32.2 50.1 £ 412 0.07
Proteinuria adults (9/24h) (n = 217) 6.9+59 6.3+5.0 39+24 9.7+6.4 0.45
Proteinuria < 15y (mg/m2/h) (n = 74) 153 = 110 127 + 98 No cases 198 + 104 0.02
Nephrotic proteinuria® 81.7% 95% 57.1% 100% < 0.01

@ Age: median (minimal - maximal values); ® Percentages of cases with hypertension and nephrotic proteinuria, respectively; ¢ mg/dL; ¢ mL/minute.

TaABLE 2 HISTOLOGIC COMPARISON AMONG GROUPS

Characteristics NOS TIP Perihilar Collapsing p
n 224 40 14 10 -
Total glomeruli 15.8+12.9 194 +£94 16.7 £ 135 25.4 +19.7 0.06
Global GS (%) 8.0 (0-86) 0.0 (0-30) 9.4 (0-65) 5.0 (0-50) < 0.01
Segmental lesions (%) 24.2 (2-100) 16.3 (3-57) 279 (14-67) 50.0 (22-100) <0.01
Total glomeruli with lesions (%) 35.8 (3-100) 16.3 (4-70) 42.2 (14-87) 57.8 (22-100) < 0.01
Interstitial fibrosis® 18.8 2.5 21.4 20.0 0.03
Arteriolar hyalinosis® 42.4 12.5 78.6 20 < 0.01

@ Percentage of cases with interstitial fibrosis > 25% (moderate or severe); ® % o cases with any degree of arteriolar hyalinosis

TABLE 3 OUTCOME COMPARISON AMONG HISTOLOGIC VARIANTS
NOS TIP Perihilar Collapsing p

n 105 (45.5%) 26 (65.0%) 8 (567.1%) 9 (90%) -
Follow-up (months) 38 (24-159) 52 (24-87) 44 (27-160) 40 (26-61) 0.34
Remission 24 (23.5%) 15 (57.7%) 0 (0.0%) 2 (22.2%) <0.01
Complete 12 (11.8%) 8 (30.8%) 0 (0.0%) 1(11.1%) 0.07
Partial 12 (11.8%) 7 (26.9%) 0 (0.0%) 1(11.1%) 0.16
CKD 55 (63.9%) 8 (30.8%) 7 (87.5%) 5 (55.6%) 0.03
ESRD 20 (19.6%) 5(19.2) 1(12.5%) 3 (33.3%) 0.74
Adults (> 15 years) n =69 n=17 n=38 n=4 -
Complete remission 6 (8.7%) 7 (41.2%) 0 (0.0%) 0 (0.0%) < 0.01
CKD 44 (63.8%) 3 (17.6%) 7 (875%) 3 (75%) < 0.01
ESRD 13 (18.8%) 3(176%) 1(12.5%) 2 (50%) 0.46
Children (< 15 years) n=33 n=9 n=0 n=>5 -
Complete remission 6 (18.2%) 1(11.1%) - 1(20%) 0.95
CKD 11 (33.3%) 5 (565.6%) - 2 (40%) 0.51
ESRD 7 (21.2%) 2 (22.2%) - 1 (20%) 1.00

NOS: Not otherwise specified variant; TIP: Tip variant; CKD: Chronic kidney disease; ESRD: End-stage renal disease.

Discussion

In this work we reviewed the clinical presentation,
histopathologic findings and outcome of FSGS,
according to the Columbia’s histologic variant of

the glomerulopathy, in a series of patients from an

ethnic/geographical population without previous
reports on these variants of FSGS; for the best of our
knowledge this is the first case series on presentation
and outcome of the different histologic variants of
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FSGS in Latin America. In a previous report from
Brazil'* analyzing immunohistochemical podocyte
markers, the authors reported percentage frequencies
almost similar to our study for TIP, PH and CELL
variants (14.5%, 6.9% and 3.8% respectively),
however, the percentage frequency for COLL (36.6%)
was notoriously higher in the Brazilian series. We do
not know the reason for this difference; it is possible
that population characteristics or environmental fac-
tors influence the results of these works. Our series
increases the worldwide information about the cli-
nical or prognosis relevance of the FSGS variants.
FSGS is the more frequent glomerular disease in our
population, but we do not know the cause of this in-
creased frequency in our region. Proportions of the
Columbia’s variants appear not very different that in
other series,’"*"17 and several results on presentation,
chronic histologic lesions and outcome are not diffe-
rent than in other previous published works, however,
some of our results show interesting aspects of these
variants, as we will discuss in the next paragraphs.
According to definition of CELL, the diagnosis
requires the presence of endocapillary hypercellular-
ity with occlusion of capillary lumina, with foam
cells and/or macrophages and/or endothelial cells
and/or neutrophils and/or lymphocytes; there may be
pyknotic or karyorrhectic debris and endocapillary
fibrin.” As we can deduce from this microscopic
features, in our 3 cases, lesions were similar to en-
docapillary proliferative glomerulonephritis (in im-
mune mediated glomerular diseases). As “neither
hyalinosis nor segmental sclerosis are required fea-
tures”,’ it was essential in these cases a rigorous ex-
amination and analysis of immunofluorescence (IF),
other histological features, clinical manifestations,
and, in two cases, electron microscopy. The ultra-
structural alterations can be essential to distinguish
CELL variant from other glomerulopathies. We do
not know if the low frequency of this diagnosis is ac-
tually due to rarity of this variant or if the difficulty
on its diagnosis contributes to this low frequency.
In our series cellular variant correspond to 1.0%; in
all three, the diagnosis required search for a second
opinion from an experienced nephropathologist.
In the series by Chun et al.,' with 87 patients with
FSGS diagnosis, there were not cases of cellular vari-
ant, as described by the Columbia classification.
Endocapillary hypercellularity, a diagnostic criterion
of the cellular variant, can be also found in collapsing
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variant cases.'® Overlapping histological findings in
the collapsing and cellular variants sometimes cause
difficulty in identifying the variant; further stud-
ies are needed to identify clear differences between
these variants to apply to cases with histologically
overlapping findings.'”'* On the other hand, endo-
capillary hypercellularity involving the tip domain
rules out the cellular variant, as endocapillary hy-
percellularity may characterize lesions in tip variant.
Cellular variant may include cases of unsampled tip
or collapsing lesions.'® Implications for cellular vari-
ant diagnosis are unknown as so few patients are
registered in most series reported. To the best of
our knowledge, the work with the largest number
of cases was that by Stokes et al. (n = 22),'° and
the authors reported rates of remission and ESRD
no statistically different to NOS. In our 3 cases, one
developed ESRD, other one CKD, not yet terminal
(28 months of follow-up) and the remaining patient
presented remission.

It has been postulated that tip lesion simply rep-
resents a response to heavy proteinuria,'” and cases
of nephrotic syndrome with tip lesions, but no other
histological abnormalities, may represent a form of
minimal change nephropathy.?*?> However, others
have reported that such lesions have a clinical course
similar to that of primary FSGS."* The definition of
the genuine glomerular tip lesion in the papers by the
original authors has been the presence of changes
at the tubular origin and nowhere else, in glomeruli
that are otherwise normal on light microscopy.?** In
the Columbia classification are included cases with
peripheral and/or indeterminate lesions, which mean
that some at least are not the glomerular tip lesion as
originally defined. We found that there was a lower
percentage of CKD in patients with tip lesions alone
(neither peripheral nor indeterminate lesions) than
in patients with tip lesions and other glomerular seg-
mental lesions (included in the TIP variant as defined
in the Columbia classification), but this difference
was not statistically significant.?” It appears that GTL,
whether defined by the original definition?*** or the
less restrictive in the Columbia Classification,’ repre-
sents a heterogeneous group of lesions that can behave
like minimal change disease or like FSGS.2* Routine
light and electron microscopy cannot distinguish
them, although in the future, it is possible that im-
munohistologic studies of podocyte proteins whose
expression would be altered in FSGS but not minimal



change disease, or vice versa, may prove helpful in
this regard, for now, only the response to treatment
can predict the outcome of the GTL.?”

Several reports in nephrotic patients with TIP
suggest an excellent response to steroids and/or
more favourable course;?*-2224283% but other authors
have reported that the response and course are sim-
ilar to that of patients with NOS and question the
clinical significance of this feature.?*** We found
that although TIP presents with less chronic histo-
logic alterations, the prognostic implications for this
diagnosis were not “favourable”: CKD developed in
30.8% and ESRD in 19.2% of our patients. Although
the outcome was worse in the other variants, our data
suggest that the tip variant should not be considered
a prognostically favourable disease. In fact, it could
be a more early stage of a severe glomerular disease.
Also in the work by Howie et al.,?® they conclude that
“many patients have a good outcome but that some
will progress pathologically and clinically” and that
“progression of GTL to FSGS (NOS) is not uncom-
mon”, then, it is not a “benign” disease.

It was interesting in our work that in TIP cases,
remission was lower and CKD was higher in < 15
years old compared to > 15 years old, but the case
number in each of these two groups was low (9 and
17 patients, respectively) and these differences can be
spurious.

The term “collapsing glomerulopathy” was used
for the first time in 1986,% and it was assumed to be
a variant of FSGS.3%3¢3” However, COLL is frequent-
ly an aggressive disease, with massive proteinuria
and rapidly progressive renal disease. In our series,
55.5% of cases progressed to CKD in the 5 years
after initial presentation. The notoriously more ag-
gressive outcome in COLL that in the other variants
of FSGS, and the phenotypic features of podocytes
suggesting a different pathogenesis,’®* have led
some authors to propose that collapsing glomeru-
lopathy is not a variant of FSGS; we think that it is
a different disease, and it should not be considered a
variant of FSGS.

It is believed that PH variant is commonly
associated with secondary forms to hyperfiltration
or nephron loss or glomerular hypertension.’ In our
series PH presented more frequently than the other
variants with non-nephrotic proteinuria: 42.9%.
This lower level of proteinuria has been also re-
ported by other authors.'” All our patients were > 15
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years old (18-65) and 85.0% of cases with follow-
up developed CKD. Histological chronic lesions
were more severe in PH than in NOS and TIP, and
near to COLL. These facts suggest that morphologi-
cal lesions develop gradually and not in an abrupt
manner as in the other variants, resulting clinically
in disorders of insidious onset and slow but steady
progression.

NOS variant is a heterogeneous glomerulopa-
thy; in fact, it is a common morphological lesion in
many glomerular and non-glomerular diseases. It is
the most common histological form of FSGS: 77%
of our cases. It is very interesting that all the other 4
variants may evolve into this pattern in the course of
disease progression and increasing chronicity: i.e. it is
an unspecific glomerulopathy with many known and
unknown etiologies. It is a “collage” of glomerular al-
terations that converge on a common morphological
pattern. The NOS variant is a “junk drawer” of mul-
tiple glomerular alterations with this common pattern
of lesion, with a mixture of pathophysiological
mechanisms that do not allow for now, based only
on morphological findings, determine etiology or
effective treatment.

This work was based on a retrospective clinical
information collection, leading to limitations because
this methodology: to determine with precision the
moment of the clinical presentation it is very difficult;
time between presentation and biopsy can be variable
among patients; treatment is different according
to treating nephrologists; adherence to treatment
is very difficult to determine in clinical charts, and
possibly other limitations inherent to a retrospective
methodology.

CONCLUSION

In conclusion, glomerular histological appearance
does not permit us to know the cause of FSGS and
it is not a perfect indicator of outcome. It is possible
that in the near future we will know a lot of aspects
of FSGS that will give us a better perspective of this
glomerulopathy. As a personal view, we believe that
CELL is an infrequent and difficult to diagnose
variant; COLL is a glomerular disease with clear
differences and would be better to separate it from
FSGS; PH is a variant mainly of adults, with apparent
insidious onset and frequent evolution to CKD; and
finally, TIP variant should not be considered as a
benign disease.
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