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Introduction

Introduction Focal and segmental glomerulosclerosis (FSGS) is a leading cause of
nephrotic syndrome in both adults and children. The “Columbia classification of FSGS”
includes five variants; not otherwise specified (NOS), tip, perihilar, cellular, and
collapsing variants that may have different prognostic and therapeutic implications.
Materials and Methods This is a retrospective study and was carried out in the
Department of Histopathology, Apollo Hospitals, Hyderabad. Of a total of 11,691
kidney biopsies over a 7-year period, from 2006 to 2012, 824 cases were diagnosed as
FSGS, of which 610 cases in which detailed clinical findings were available were
included in this study. FSGS was then categorized according to the Columbia
classification.

Results FSGS, NOS was the predominant histomorphological variant. Serum creati-
nine was significantly high in the collapsing variant, followed by NOS. Follow-up data
was available for 103 cases,72.8% had complete remission, 10.6% had partial remission,
and in 16.5% there was no remission. Relapses were observed in 6.7% cases, two
patients (1.9%) succumbed, and 4.8% cases progressed to chronic kidney disease.
Conclusion This study showed that perihilar variant was less prevalent, with tip and
cellular variants being more prevalent in Indian subcontinent compared to Western
literature. Collapsing variant was also less common.

as the cause for nephrotic syndrome. Histopathological fea-
tures of FSGS are characterized by FSGS of glomerular capillar-

Focal and segmental glomerulosclerosis (FSGS) is one of the
causes of nephrotic syndrome with an incidence of 7 per
million.! About 20% of children and 40% of adults have FSGS
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ies, with the underlying pathogenesis being podocyte injury.'.
The working “Columbia classification of FSGS” has cate-
gorized FSGS into five variants: not otherwise specified
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(NOS), tip, perihilar, cellular, and collapsing types that may
have different prognostic and therapeutic implications."*?
The main objective of the study is to stratify biopsy-
proven cases of FSGS into the Columbia classification sub-
types and correlate the subtypes with the laboratory profile
and clinical outcome in a subset of the Indian population.

Materials and Methods

This is a retrospective study and was carried out in the
Department of Histopathology, Apollo Hospitals, Hyderabad.
Out of a total of 11,691 kidney biopsies received over a 7-year
period from 2006 to 2012, 824 cases were diagnosed as FSGS.
Six-hundred ten cases in which detailed clinical findings
were available were included in the study.

Patient Selection
All the renal biopsies received in the laboratory were proc-
essed and analyzed.

The cases diagnosed as FSGS were included in the study.

Clinical Parameters

The clinical information was collected from the electronic
database of Apollo Hospitals. Request forms received with
samples from other hospitals were also used for collecting
data. The data included age, sex, clinical presentation, and
duration of symptoms. Biochemical data included serum
creatinine, proteinuria, and findings of urine analysis.

Histology

The renal biopsies were processed according to standard
protocols for light microscopy. Hematoxylin and eosin, peri-
odic acid Schiff, Masson trichrome, and periodic acid silver
methenamine stains were done. Direct immunofluorescence
study was done using antibodies to immunoglobulin G (IgG),
IgA, IgM, C3c, Clq, kappa, and lambda.

The diagnosed cases of FSGS were categorized according
to Columbia classification into five types, that is, FSGS NOS,
tip, perihilar, cellular, and collapsing variant.'

Histological features included percentage of segmental
sclerosis, global sclerosis, quantification of interstitial fibro-

Table 1 Clinicopathological correlation of variants of FSGS
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sis and tubular atrophy, and vascular remodeling that were
analyzed and correlated with clinical parameters. The treat-
ment response details were available in 103 cases where the
patients were treated with steroids, immunosuppressants,
and angiotensin-converting enzyme inhibitors.

Clinical Definitions Based on the KDIGO Guidelines®
Complete remission: proteinuria less than 0.3 g/day with a
stable serum creatinine (<50% increase from baseline).

Partial remission: proteinuria between 0.3 and 3.5 g/day,
with at least 50% reduction in proteinuria from the baseline
and a stable serum creatinine.

Relapse: proteinuria more than 3.5 g/day after complete
remission has been achieved or increase in the proteinuria by
more than 50% during partial remission.

Statistical Analysis

Statistical analysis of the data was done with appropriate tests,
that is, the chi-squared test, Fisher’s exact test p-value, Mann-
Whitney U tests, and Kruskal-Wallis test p-value, post-hoc
analysis by Mann-Whitney U test, Bonferroni method. A p-
value of less than 0.05 was considered to be significant.

Results

The incidence of FSGS was 7% of the total kidney biopsies in
this study. FSGS was seen in pediatric and adult age groups
(=Table 1). The ages ranged from 1 year to 84 years, with a
median age of 30.3 + 16.8 years. FSGS in the first decade was
observed predominantly in the second decade (21.1%) and
third decade (24.6%). The male-to-female ratiowas 1.4:1.The
distribution of morphological variants of FSGS was as fol-
lows: 523 cases were NOS variant (85.7%), 32 were tip variant
(5.2%), 29 were cellular (4.8%), 17 were perihilar (2.8%),and 9
were collapsing variant (1.5%; =Fig. 1). The clinical and
histological presentation of these variants has been depicted
in =Tables 1 and 2. There was no statistical significance
among the variants with regard to age, gender, proteinuria,
or microscopic hematuria. The correlation of high serum
creatinine and rapid worsening in collapsing variant was
statistically significant. Proteinuria was maximum in

NOS TIP PH CEL coL p-Value?®
n=610 523 32 17 29 9
Age range (y) 1-84 30.2+16.9 6-69 5-54 11-60 11-58 0.04
Mean +SD 26.1+£11.5 36.2+20.1 33+£15.6 28.7+14.5
M:F 1.4:1 2.2:1 2.4:1 1.6:1 3.5:1 0.45
Proteinuria 65% 72% 58.8% 72.4 88.9 0.27
Microscopic RBCS 32.1% 29.6% 35.7% 30.8% 62.5% 0.47
Serum? creatinine 1.7+1.6 1.2+0.6 1.2+0.8 1.4+1.2 29+1.2 <0.05
Duration of symptoms (mo) 6.8+17.1 8.6+10.1 11.3+10 11.5+14.3 3.8+£2.6

Abbreviations: CEL, cellular; COL, collapsing; FSGS, focal and segmental glomerulosclerosis; NOS, not otherwise specified; PH, perihilar; SD, standard

deviation.
aChi-squared/Fisher’s exact test.
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Fig. 1 (A) FSGS, NOS, PAS stain; (B) FSGS, TIP variant PAS stain; (C) FSGS cellular, PAS stain; (D) FSGS Cellular hematoxylin and eosin (H&E); (E)
collapsing variant Jones methenamine silver. (F) Perihilar PAS X 400. FSGS, focal and segmental glomerulosclerosis; NOS, not otherwise

specified; PAS stain, periodic acid Schiff.

collapsing variant (88%), followed by cellular and tip, both at
72%. There was no association of human immunodeficiency
virus (HIV) in the collapsing variant. The renal biopsy find-
ings showed significant correlation with degree of global
sclerosis in collapsing variant followed by perihilar variant.
Interstitial fibrosis and vascular remodeling among these
variants had a statistically significant p-value (~Table 2).

Treatment response details were retrieved for 103 cases.
Of these, 90 cases were NOS (87%), 5 were tip (4.8%), 5 cellular
(4.8%), and 1 collapsing variants (0.97%). Among the 103
cases, 72.8% had complete remission, 10.6% had partial
remission, and in 16.5% there was no remission. Relapses
were observed in 6.7% cases, two patients (1.9%) succumbed,
4.8% cases developed chronic kidney disease (CKD) including

Table 2 Comparison of histopathological features of FSGS variants

NOS TIP PH CEL CcoL p-Value
n=610 523 32 17 29 9
Morphological findings
Segmental sclerosis (%) 18.8+15.8 17.1+13.3 12.8+6.1 21.8+13.3 28.8 £28.1 0.303°
Mean £ SD
Global sclerosis (%) 18.7+24.8 3.8+11.12 21.8+18.6 7.4+13.8 27.3+£35.2 <0.05?
Mean £SD
IFTA (%)
U/R 18.9 40.6 17.6 37.9 33.3 0.008°
Mild 64.2 59.4 76.5 62 333
Moderate 12.8 0 5.9 0 22.2
Severe 4.0 0 0.0 0.0 11.1
Blood vessel changes (%)
AH 11.5 0.0 35 17.2 11.1 0.006°
IF 7.6 3.1 11.8 6.9 0.0
MH, AH, IF 11.7 0.0 0.0. 0.0 11.1
U/R 69.2 96.9 52.9 75.9 77.8

Abbreviations: AH, arteriolar hyalinosis; CEL, cellular; COL, collapsing; FSGS, focal and segmental glomerulosclerosis; IF, intimal fibrosis; IFTA,
interstitial fibrosis, and tubular atrophy; MH, medial hyperplasia; NOS, not otherwise specified; PH, perihilar; U/R, unremarkable.

2Kruskal-Wallis test, ®Chi-squared/Fisher’s exact test.
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4.4% of NOS, and 100% of collapsing variants. Complete

(=]
remission was seen in 85% cases of NOS, 5.3% of cellular, E
2.5% perihilar, and 6.6% of tip variant. Partial remission was E:
observed in 11% of NOS and 11% of cellular variant. There was § i Sl E 0 |
no remission in a single case of collapsing (100%) and 17% Fe bl Bl I Il g
cases of NOS variants. =2
Immunofluorescence showed nonspecific immune depos- 7w A el P S
its for IgM and C3c in 354 cases. Electron microscopy was not Lo S|m|R|s|e
done in view of cost constraints. 5o
S BRIk
Discussion e [t le e
FSGS is a histopathological pattern of injury and one of the g o=
leading causes of proteinuria and end-stage renal disease g g; -3 =N I
(ESRD)in children and adults. This is associated with various
etiological factors depending on the underlying mechanisms I
of injury of the podocyte and podocyte substructures. Many EE% |~ V<l
published articles have categorized FSGS based on underly- vgw KR R R Rl i e
ing diseases and aetiology.*> Few articles propose new
typing of FSGS into primary and secondary. Primary being g% — " ]
due to a presumed permeability factor-related FSGS, with e |gl=|v|Rk|2] &
circulating permeability factors causing injury to podocytes. %
Secondary FSGS is presumed to be due to multiple factors _— ;
and further divided as maladaptive FSGS, drug-induced % : 2 m < o el
FSGS, virus-induced FSGS, FSGS lesions superimposed onother ne il S B Rl E
glomerular diseases, genetic FSGS due to defects in podocytes é’ o g
and GBM (Glomerular basement membrane) proteins, and 2 § © |~ < é
unclassifiable FSGS of unknown cause.*> The Columbia clas- 2 |< @ |~|m|<|—|m| 5
sification categorized FSGS lesions into five types: NOS, tip, "é - %
cellular, perihilar collapsing on light microscopy. The Columbia 2 § " =
classification has potential prognostic value.'*% o % .% ;
This study analyzed the clinicopathological features of S - = | o lewl@ S
cases diagnosed as FSGS and classified them according to the LE ERS|R|J|S|m|R]| ¥
Columbia classification.! The frequency of FSGS variants has £ E
been compared with various studies that also included ; E{"— 2
multiethnic groups (~Table 3). NOSvariant was the predom- & |< ® o | o ~| Z
inant one, similar to other studies.>®~2% The prevalence of £ ev bl A B L E
collapsing in multiethnic group studies, which included o o =
. . A w1 o|lm|o (<)} &
African Americans, was more (54 to 91%) compared to other 8 S i ,'3 N g Q ‘5
study cohorts, which did not have this ethnic group, ranging & E
from 2 to 6.9%. This observation showed that collapsing °=5J o~ &
variant was more frequent in Afro-American population.” ® B2 2 2 %
The prevalence of collapsing variant was low in this Indian £ =9 Sl I il Tg
cohort. £ la o
The published literature showed that collapsing glomerul- £ Sio_ 5
opathy (also referred collapsing FSGS) was associated with % g ; Ynlelol=l @
recent African ancestry individuals where it was attributed 'z
to high risk G1 and G2 gain-of-function polymorphisms in the 3 @ =
APOL1 gene.>?"-?? The APOL 1 gene was found to be protective % ENT‘, S
against the trypanosomiasis. The data published showed that = |E£ % FI|ILm|=] 8
these G1 and G2 variants of APOL 1 gene increased the risk of '§ &
kidney diseases. These variants of APOL1 gene were associated .2 ‘q:': -~ %
with podocyte injury that resulted in increased rates of FSGS, & < 3 n N[l ln| 4
focal global glomerulosclerosis, and various other nondiabetic E“ B QNS U
kidney disease such as hypertension-associated end-stage S - é
kidney disease (H-ESKD), severe lupus nephritisHIV-associated ™ | | E §
nephropathy, and sickle cell nephropathy>2'22 Therewasa = |2% |8lz|z|%s]|s =
. . . . . . ] w > = B - N R e
difference in prevalence of tip and cellular variants in Indian = <
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subcontinent that varied from 7.7 '® to 24%'” and 3.5'® to
9.4%.1® The cellular variant was uncommon in majority of the
studies (=Table 3). The perihilar variant was less common,
varying from 4’ to 11%'® compared to studies by Thomas et al
and Deegens et al, where it was 26% each.2®

The median age of presentation was seen in third and
fourth decade similar to the other studies’-'®81% with
younger population being affected in tip and collapsing
variants.” This was discordant with other studies that had
a predominance in fifth and sixth decade?®'>?° and was
variable in few other studies.!°

The degree of proteinuria was high in collapsing variant,
similar to other series.”%1%18 [n few other studies, protein-
uria was higher in tip, collapsing,®'>?® and cellular variants?
and lowest in perihilar variant.” Microscopic hematuria was
observed in collapsing and perihilar types in this cohort in
contrast to the cellular variant as seen in one other series.’
This was of no statistical significance compared with other
variants of FSGS (p-value =s 0.47). The microscopic hematu-
ria could have been the cause for early presentation in the
collapsing variant. There was a significant correlation of a
shorter duration of disease course and higher levels of serum
creatinine observed in collapsing variant, as seen in other
cohorts,2:6-8.10.16,18

Various studies have shown correlation of FSGS variants
with hypertension, glomerular filtration rate, and serum
albumin, but this was not documented in this study, in the
absence of adequate clinical details.

The extent of segmental sclerosis was higher in the
collapsing and cellular variants in this study unlike other
studies that showed greater segmental changes in perihilar
type,’ followed by NOS,® and then the tip variant.'® These
differences were probably due to larger number of cases and
the ethnicity of population included. In this study, the extent
of global sclerosis was statistically significant among the
variants and showed corresponding changes of interstitial
fibrosis and tubular atrophy. The greater extent of chronicity
observed in collapsing and perihilar variants in this study

Table 4 Status of remission in various studies

Nuguri et al.

were similar to Tsuchimoto et al.2® This varied from other

cohorts in which NOS,” and perihilar had a greater extent of
global glomerulosclerosis.'®'® This may have been due to
difference in the etiologies of FSGS.

There was a varied distribution of remission rates in the
five variants of FSGS documented in various studies
(=Table 4), which indicated that tip variant had complete
remission and better prognosis than other variants.?

The cases with partial remission had higher degree of
global sclerosis (p-value=0.01) which correlated statisti-
cally with higher serum creatinine values (p-value =0.01).
The percentage of segmental sclerosis was higher in cases
with no remission (p-value =is 0.001), possibly indicating
different underlying etiopathogenetic mechanisms.

In the study by Chun et al, it was observed that there was
no remission in 47% of treated cases of NOS, 36% of cellular,
and 22% of tip variants. ESRD developed in 25% of NOS, 43% of
cellular, and 27% of tip variants.> In the study by Kwon et al,
relapses were seen in 11.4% cases of NOS, 15% of tip, and 5.9%
of perihilar variants. ESRD was seen in 11.4% of NOS and 5% of
tip variant.' Arias et al showed CKD in 53.9% of NOS, 30.8% in
tip, 87.5% in perihilar, and 55.6% in collapsing variant.'® CKD
was observed in 4.4% of NOS and 100% (n=1) collapsing
variants in this study.

These differences in the clinical outcome can be attribut-
able to various factors such as different therapeutic
approaches, advanced renal disease at presentation in the
absence of regular health checks, with increasing degree of
tubular atrophy and interstitial fibrosis along with varying
underlying etiologies.23

Limitations of the Study

The number of cases of FSGS variants other than NOS was
small and the treatment response and follow-up details
were not available for all the cases. There was a lack of
history of other associated diseases and absence of electron
microscopic evaluation, which was a major limitation.

FSGS variant Present study Deegens et al® Thomas et al? Chun et al* Kwon et al'® Arias et al'®
NOS—CR 64 6 (n=30) 10 (n=83) 6 (n=236) 16 (n=70) 12 (n=105)
NOS—PR 10 6 2 3 22 12

TIP—CR 5 15 (n=34) 17 (n=34) 5 10 (n=20) 15 (n=26)
TIP—PR 0 3 1 2 (n=11) 6 8

PH—CR 2 3 (n=24) 5.2 (n=52) NA 3(n=17) 0(n=38)
PH—PR 0 2 5 NA 4 0

CEL—CR 4 0 2 (n=6) 6 (n=40) NA NA

CEL—PR 1 0 2 (CR/PR) 10 NA NA
COL—CR 0 2 (n=5) 3(n=22) NA NA 1(n=9)
COL—PR 0 0 1 NA NA 1

Abbreviations: CEL, cellular; COL, collapsing; CR, complete remission; NA, nonavailability of cases; NOS, not otherwise specified; PH, perihilar; PR,

partial remission.
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Conclusion

In this study, FSGS, NOS variant was the commonest subtype.
The tip and cellular variant were more prevalent compared
to perihilar and collapsing variants that were less common in
Indian subcontinent in contrast to western data. The poor
response to treatment could be attributable to advanced
disease at presentation, as evidenced by global sclerosis
and IFTA. The clinicopathological features in the subtypes
of FSGS vary among diverse ethnic populations.
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