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Lay Summary

IgA nephropathy (IgAN) is a common kidney disease,
and patients lose proteins and blood in the urine. In a
minority of patients, IgAN progresses rapidly to kidney
failure. Segmental sclerosis (SS) refers to scarring of the
glomerulus, the functional unit of the kidney, with loss of
its normal function. SS is identified by microscopic ex-
amination of a kidney biopsy and encompasses multiple
lesions, some of which have been proposed to predict
clinical outcomes. In a large retrospective cohort of 1147
IgAN patients, we validated subclassifying SS into
groups, and identified features in the biopsy (glomeruli
with podocyte hypertrophy or simple adhesions in
combination with other glomeruli with “not otherwise
specified” lesions) associated with disease progression
and reduced kidney survival, but also with a response to
immunosuppressive treatments. Given that indications
for immunosuppression are unclear, and are associated
with adverse effects, these findings have important im-
plications for managing patients with IgAN.
Evidence from the Oxford IgA nephropathy (IgAN) cohort
supports the clinical value of subclassifying focal segmental
glomerulosclerosis lesions (S1). Using the larger Validation
in IgA (VALIGA) study cohort, we investigated the
association between podocytopathic changes and higher
proteinuria, kidney outcome and response to
immunosuppressive therapy. All biopsies were evaluated
for glomeruli with segmental capillary occlusion by matrix
(“not otherwise specified”, NOS lesion), simple capsular
adhesion without capillary occlusion (Adh), tip lesions, and
podocyte hypertrophy (PH). S1 required a NOS lesion and/
or Adh. A Chi-Squared Automatic Interaction Detection
method was used to identify subgroups of FSGS lesions
associated with distinctive proteinuria at biopsy. We
assessed survival from a combined event (kidney failure or
50% decline in estimated glomerular filtration rate). Finally,
we evaluated within each subgroup if immunosuppression
was associated with a favorable outcome using propensity
analysis. In 1147 patients, S1 was found in 70% of biopsies.
Subclassification found NOS lesions in 44%, Adh in 59%, PH
in 13%, and tip lesions in 3%, with much overlap. Four
subgroups were identified with progressively higher
proteinuria: from lowest, S1 without NOS, S1 with NOS but
without Adh/PH, to highest, S1 with NOS and Adh but
without PH, and S1 with NOS and PH. These four subgroups
showed progressively worse kidney survival.
Immunosuppression was associated with a better outcome
only in the two highest proteinuria subgroups. Propensity
analysis in these two groups, adjusted for clinical and
pathological findings, found a significantly reduced time-
dependent hazard of combined outcome with
corticosteroids. Podocyte hypertrophy and glomeruli with
simple adhesions appeared to reflect active lesions
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associated with a response to corticosteroids, while other
S1 lesions defined chronicity. Thus, our findings support
subclassifying S1 lesions in IgAN.
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F ocal segmental glomerulosclerosis (FSGS) as a
morphologic marker of glomerular injury has been
described in various diseases affecting the kidney. Its

pathogenesis and significance are varied. Segmental glomer-
ulosclerosis is a frequent finding in IgA nephropathy (IgAN),
seen in w70% of biopsies. The Oxford Classification Study
demonstrated that the presence of segmental sclerosis (SS; S1
in the classification) is an independent predictor of kidney
outcome in IgAN.1,2 S1 was correlated with a higher level of
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proteinuria at the time of biopsy and was associated with a
more rapid loss of kidney function and worse kidney survival.
This occurred independently of other histologic features,
glomerular filtration rate, mean arterial blood pressure
(MAP), initial proteinuria, and follow-up MAP and protein-
uria. Subsequent studies, including the Validation in IgA
(VALIGA) study, have confirmed that S1 is an independent
predictor of outcome in IgAN.3–5

Three pathways are implicated in the pathogenesis of S1
lesions in IgAN.6 They can result from healed inflammatory
or necrotizing lesions, appearing as bland scars with broad-
based adhesions. However, in both the original Oxford
Classification Study and the VALIGA cohorts, no significant
correlation was found between S1 and the presence of ne-
crosis or the extent of endocapillary hypercellularity. S1 le-
sions also can result from hyperfiltration injury, which
typically produces glomerulomegaly with perihilar sclerosis
and hyalinosis. A third mechanism is podocyte injury
(podocytopathy), as seen in primary FSGS7; in such cases, the
lesion is seen initially as podocyte injury, with an adhesion
between the capillary tuft and Bowman’s capsule, and with
time, it progresses to established SS with matrix obliteration
of capillaries.

In the original Oxford classification, the morphologic
spectrum of segmental sclerosing lesions, including isolated
tuft adhesions without matrix obliteration of capillary
lumina, were collectively classified as S1. Subsequent study of
the Oxford classification cohort addressed the clinical value of
subclassification of SS in IgAN. Here, markers of podocyte
injury, including podocyte hypertrophy (PH) and tip lesions,
were found to be associated strongly with proteinuria and
worse prognosis in patients not treated with immunosup-
pression (IS). The 2016 revision of the Oxford classification
recommended that the presence of podocytopathic features
be noted in biopsies showing S1 lesions.8 However, the
consensus was that confirmation of these finding in further
larger validation studies of SS was required before changes to
the original definition of Oxford classification S1 could be
made. In this study, using the VALIGA cohort, we sought to
validate the clinical value of subclassifying segmental scle-
rosing lesions in IgAN.

METHODS
Study design
We performed a post hoc analysis of patients from the VALIGA
cohort, assembled retrospectively in 2011. In brief, the study
included patients from 55 European centres who were diagnosed
with primary IgAN, irrespective of the level of proteinuria or the
estimated glomerular filtration rate (eGFR), with a follow-up of at
least 1 year, unless it progressed to kidney failure within this period.
Patients with systemic diseases, including diabetes, lupus, and
Henoch-Schönlein purpura, were excluded, as were those whose
biopsies included less than 8 glomeruli.

We recorded the following initial and follow-up clinical assess-
ments: eGFR, systolic and diastolic blood pressures, proteinuria,
number of antihypertensive medications, including renin-
angiotensin blockade (RASB) with an angiotensin-converting
1280
enzyme inhibitor or an angiotensin receptor blocker. Immunosup-
pressive therapy with corticosteroids (CSs) or other agents (cyclo-
phosphamide, mycophenolate mofetil, calcineurin inhibitors) was
reported as intention-to-treat. No information on the dosage of
medication was available. We assessed the time to a combined kidney
event, defined by kidney failure (eGFR # 15 ml/min per 1.73 m2,
dialysis or transplantation) or a 50% decline in eGFR during follow-
up.

Definitions
The eGFR was estimated using the Modification of Diet in Renal
Disease Study formula in adults, and the Schwartz formula in chil-
dren. The maximum eGFR was set at 120 ml/min per 1.73 m2

because the accuracy of eGFR above this level is imprecise. MAP was
calculated as diastolic blood pressure þ1/3 of the pulse pressure.
Data in children were adjusted for 1.73 m2, or normalized as
described.3 Proteinuria, MAP, and eGFR at biopsy were the closest
values within 6 months of biopsy. To determine time-averaged
proteinuria, time-averaged MAP, and time-averaged blood pressure
medications, we calculated the average of the mean values of each 6-
month period.
Pathology review
MEST-C scoring (M, mesangial hypercellularity; E, endocapillary
hypercellularity; S, segmental glomerulosclerosis and/or adhesion; T,
tubular atrophy and interstitial fibrosis; and C, cellular or fibrocel-
lular crescents) according to the Oxford classification of IgAN has
been described previously.5 We used the original assessment of the 2
central pathologists, excluding the local pathologist’s assessment. M1
defined mesangial hypercellularity of $4 cells in one or more
mesangial area present in >50% of glomeruli. Endocapillary
hypercellularity (E) was scored as absent (0) or present (1). Inter-
stitial fibrosis and tubular atrophy were scored according to the
percentage of cortex showing interstitial fibrosis and tubular atrophy,
as follows: T0 (#25% of cortex), T1 (26%–50%), and T2 (>50%).
Crescents were scored according to the proportion of glomeruli
showing cellular and/or fibrocellular crescents: C0 (0%), C1 (1%–

24%), and C2 ($25%).
For this study, all slides were reviewed by a single pathologist

(SSB) for subclassifying segmental sclerosing (S1) lesions, with a
second pathologist (ISDR) reviewing lesions for which S score
differed from that of the local pathologists, besides those associated
with diagnostic difficulty or uncertainty. For each glomerulus, the
presence of the following lesions was recorded: lesions with oc-
clusion of capillaries by matrix, with or without adhesion to
Bowman’s capsule but lacking other features below (“not otherwise
specified” [NOS]); capsular adhesions without associated occlusion
of the capillaries by matrix (simple adhesions or ADH); PH; tip
lesion; perihilar sclerosis; hyalinosis; collapsing lesions; resorption
droplets within podocytes; and endocapillary foam cells. The
presence of S1 required either the NOS lesion or simple adhesions.
These features were found to have a good reproducibility in our
previous assessment of the Oxford data (kappa $ 0.6), except for
PH with a kappa of 0.529; S1 was defined according to the Oxford
classification determined by the presence of at least one glomerulus
with SS or adhesion. The glossary of terms provided in the
Columbia Working Group classification10 of FSGS was used to
define the individual lesions. Pathologists were blinded to the
clinical data. The spectrum of segmental sclerosing lesions in IgAN
is illustrated in Supplementary Figure S1.
Kidney International (2024) 105, 1279–1290



Table 1 | Baseline clinical and pathologic findings of the study
of 1147 patients with IgA nephropathy

Variables

Initial assessment
Age, yr 36 � 16
Female 314 (27)
Proteinuria, g/d 1.3 (0.6–2.6)
MAP, mm Hg 98 � 13
Number of BP medications 1 (0–1)
eGFR, ml/min per 1.73 m2 73 � 30
Prior immunosuppression treatments 10

MEST-C score
M1 320 (28)
E1 123 (11)
S1 796 (69)
T0, T1, T2 903 (79), 203 (18), 41 (3)
C0, C1, C2 1025 (89), 100 (9), 22 (2)

S lesions
NOS lesion 502 (44)
Simple adhesion 672 (59)
Podocyte hypertrophy 149 (13)
Tip lesion 29 (3)
Protein resorption droplet 48 (4)
Hyalinosis 18 (2)

Follow-up
Length of follow-up, yr 4.7 (2.4–7.9)
Exposure to immunosuppression 46
Time-averaged proteinuria, g/d 0.8 (0.4–1.6)
Time-averaged BP, mm Hg 96 � 9
Time-averaged number of BP medications 1.0 (0.8–2.0)
Combined event 16
Kidney failure 12

BP, blood pressure; eGFR, estimated glomerular filtration rate; IQR, interquartile
range; MAP, mean arterial pressure; M1, mesangial hypercellularity of $4 cells in 1 or
more mesangial area present in >50% of glomeruli; E1, presence of endocapillary
hypercellularity; NOS, not otherwise specified; S1, presence of segmental glomer-
ulosclerosis and/or adhesion; T0–T2, percentage of cortex showing tubular
atrophy and interstitial fibrosis: T0 (#25% of cortex), T1 (26%–50%), and T2 (>50%);
C0–C2, proportion of glomeruli showing cellular and/or fibrocellular crescents: C0
(0%), C1 (1%–24%), and C2 ($25%). There were no collapsing lesions.
Initial proteinuria, eGFR, MAP and number of BP medications were missing in 42, 10,
11, and 78 of the 1147 patients, respectively. Exposure to immunosuppression was
missing in 2. No other data were missing.
Values are mean � SD, n (%), median (IQR), or %.
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Statistical analysis
Normally distributed variables are presented as mean � SD and were
compared using an independent t test or a one-way analysis of
variance, as appropriate. Nonparametric continuous variables are
presented as a median with interquartile range ([IQR]: 25th and 75th
percentiles) and were compared using a Mann–Whitney U test or a
Kruskal–Wallis test, as appropriate. Categorical variables are sum-
marized using proportions and were compared using the Pearson c2

test. Trend tests were performed using Pearson or Spearman’s rank
correlation, as appropriate. The proportions of glomeruli showing
S1, NOS, and simple adhesions are presented as continuous vari-
ables. Other pathology variables were infrequent and are presented as
present or absent.

We tested which FSGS lesions were associated with the initial
proteinuria using the c2 automatic interaction detection (CHAID)
method.11 This decision-tree analysis creates subgroups with
distinctive proteinuria levels. This approach first identifies the FSGS
lesion most associated with proteinuria and splits the cohort
accordingly. The subsequent FSGS lesion most associated with
proteinuria is then determined separately for each group. This
process is repeated until no remaining FSGS lesion is associated with
proteinuria in all the groups created. In the end, each branch (or
terminal node) represents an FSGS subgroup with a statistically
different proteinuria. We compared these subgroups and tested
whether they experienced a different survival from a combined event
using Kaplan–Meier curves.

Once we defined how to best classify FSGS lesions, we addressed
in each subgroup whether the use of any IS was associated with
greater survival from a combined event. We performed time-
dependent Cox proportional hazard regressions, considering the
survival time before the initiation of therapy, to address lead-time
bias and any eGFR change from the time of biopsy to the start of
treatment. Given the study’s retrospective nature, where IS choices
were unstandardized, patients with versus without therapy were
likely to differ in risk factors of progression. To compare outcomes in
treated patients to those of controls at similar risk, we then derived a
propensity score to match individuals with an equal likelihood of
receiving IS. This analysis was done in only the FSGS subgroups in
which IS appeared to confer a benefit. Two methodological choices
were made and applied:
� Subjects receiving IS without CSs were excluded from the
propensity-matched analysis. However, we did include in-
dividuals given both CSs and another immunosuppressive agent,
to avoid a selection bias, as these subjects may have received the
additional agent based on a higher-risk profile or after the failure
of CSs.

� Only patients receiving RASB were considered, and RASB had to
be given before or at the start of administration of CSs.
Next, we calculated the predicted probability (propensity

score) of receiving CSs in each patient, using logistic regression.
The variables included in the model were age, initial proteinuria,
prior use of IS, M, E, T, and C lesions (expressed as T0 vs. T1–2,
and C0 vs. C1–2), time-averaged proteinuria, MAP, and blood
pressure medications. We used time-averaged measurements
prior to the administration of CSs in the CSs þ RASB group, as
treatment may impact these measurements. We then matched
each patient treated with CSs þ RASB to a control subject on
RASB only, using the closest propensity score � 0.25 � SD of the
propensity score, which was 0.050.12 Finally, we performed
time-dependent Cox proportional hazard regression comparing
CSs þ RASB to RASB.
Kidney International (2024) 105, 1279–1290
All P values were 2-tailed, and values less than 0.05 were
considered statistically significant. Confidence intervals included
95% of predicted values. SPSS 27 statistical software (IBM Cor-
poration) was used for all analyses.
RESULTS
Cohort characteristics
The VALIGA cohort included 1147 participants, of whom
73% were men and 97% were Caucasian. At the biopsy, their
age was 36 � 16 years, with an eGFR of 73 � 30 ml/min per
1.73 m2, proteinuria of 1.3 (IQR: 0.6–2.6) g/d, and a MAP of
98 �13 mm Hg (Table 1). Ten percent of patients had
received prior IS, and 15% were aged <18 years at the time of
kidney biopsy. Patients were followed for a median of 4.7
years (IQR: 2.4–7.9), during which 16% experienced a
combined event, and 12% progressed to kidney failure.
Overall, the amount of missing data was low. The initial
proteinuria measurement was missing in 3.6% of cases, and
all other variables were missing in <1% of cases.
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Subdivision of FSGS lesions and correlations with clinical
presentation
The median number of glomeruli per biopsy was 16 (IQR:
12–23), and M1, E1, and S1 were found in 28%, 11%, and
69%, respectively. Tubular atrophy and interstitial fibrosis
were present in 18% (T1) and 3% (T2). Crescents were found
in 9% (C1) and 2% (C2). Upon review, the S score, defined
by the presence of either NOS lesion or simple adhesions, was
reclassified in 1% of biopsies; 3 biopsies classified initially as
S0 in 2012 were then considered to be S1, and 14 biopsies
classified initially as S1 became S0.

Biopsies presented at least one NOS lesion in 502 of 1147
patients (44%), simple adhesion in 672 (59%), and PH in 149
(13%; Table 1). The overlap between the presence of these
lesions is illustrated in Figure 1. When present in a biopsy, S1
was found in 18% (10%–30%) of glomeruli, NOS in 24%
(13%–36%), and simple adhesions in 13% (8%–21%;
Figure 2). These lesions were associated strongly with higher
proteinuria, higher blood pressure despite more antihyper-
tensive medications, reduced eGFR, and older age (Table 2).
In addition, the proportion of these lesions had a graded
effect on proteinuria level (Figure 3). NOS lesions and simple
adhesions were associated with proteinuria independently of
Figure 1 | Venn diagram of presence of segmental sclerosis or
simple adhesion (S1), not otherwise specified (NOS), adhesions
(ADH), and podocyte hypertrophy (PH) in the European
Validation Study of the Oxford Classification of IgAN (VALIGA)
cohort (n [ 1147).
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each other, as the graded response still existed when the other
lesion was absent.

The proportions of the cohort presenting tip lesion, pro-
tein resorption droplets, or hyalinosis were only 3%, 4% and
2%, respectively, and they were not associated with protein-
uria or blood pressure, except for biopsies showing protein
resorption droplets that had a proteinuria of 1.7 g/d (IQR:
0.9–2.7), compared to 1.3 g/d (IQR: 0.6–2.6) g/d in those
without droplets (P ¼ 0.03). All 3 lesions were associated with
a lower eGFR. The spectrum of segmental sclerosing lesions
in IgAN is illustrated in Supplementary Figure S1. Only 6
individuals presented ischemic glomeruli.

All FSGS lesions showed associations with the M, E, T, and
C scores, except for hyalinosis (Supplementary Table S1). No
FSGS lesion was correlated with sex.

Subgrouping of FSGS lesions
To address the clinical value of subclassification of SS, we first
created subgroups with distinctive proteinuria levels using the
c2 automatic interaction detection method (Figure 4). We
found that the pathology finding that discriminated the level
of proteinuria the most was the NOS lesion, dividing the
cohort into those with S1 without NOS with 1.2 g/d (IQR:
0.5–2.3), compared to those with S1 with NOS with 1.7 g/
d (IQR: 0.9–3.2; P < 0.001). Categorizing S1 without NOS
further had no value. As shown in Figure 1, S1 without NOS
included, by definition, the presence of ADH with or without
PH. By contrast, the category of S1 with NOS could be further
subdivided by the presence of PH, with subjects with S1 with
NOS and PH displaying the highest level of proteinuria, at 2.2
g/d (IQR: 1.1–4.2). Finally, the remaining subjects could be
split by the existence of simple adhesions: those with S1 with
NOS but without ADH or PH being associated with pro-
teinuria of 1.2 g/d (IQR: 0.7–2.5) compared to those with S1
with NOS and ADH but without PH showing proteinuria of
1.8 g/d (IQR: 1.0–3.2; P ¼ 0.01). In all, we found 4 distinct S1
FSGS subgroups with progressively higher proteinuria, 2
subgroups with lower proteinuria levels—those with S1
without NOS, and those with S1 with NOS but without ADH
or PH—and 2 subgroups with higher proteinuria levels—
those with S1 with NOS and ADH but without PH and those
with S1 with NOS and PH (Figure 1).

Associations of classes of FSGS with other clinical
characteristics and with outcome
To further validate whether the proposed FSGS classification
was clinically relevant, we compared other biopsy findings
and the initial and follow-up assessments among FSGS sub-
groups (Supplementary Table S2). In parallel to the increasing
severity of FSGS lesions, the initial eGFR decreased, and the
initial and follow-up blood pressures increased, despite more
use of antihypertensive, RASB, and immunosuppressive
drugs. We also found a stepwise reduction in the survival
from a combined event with each subgroup severity increase,
supporting the proposed classification (Figure 5). However,
Kidney International (2024) 105, 1279–1290



Figure 2 | Proportions of glomeruli within each biopsy showing presence of segmental sclerosis or simple adhesion (S1), not
otherwise specified (NOS), and adhesion lesions.
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FSGS subgroups also showed progressively more M, E, T, and
C lesions.

Influence of immunosuppressive therapy within each FSGS
subgroup
In addition to proposing a classification of SS associated with
different outcomes, we studied the associations between
subgroups of S1 and response to immunosuppressive therapy.
We first compared the survival from a combined outcome in
those who received any IS to those who never received any IS
in each FSGS subgroup (Figure 6). A time-dependent survival
analysis was used to account for the lead-time bias from bi-
opsy to the start of therapy, and the loss of eGFR during that
time. We found an apparent benefit of IS in only the 2
Table 2 | Clinicopathologic associations with FSGS lesions

Variables Age, yr

Sex Prote

(% Female) (g

S0 (351) 32 � 17 25 0.7 (0
S1 (796) 38 � 16 28 1.5 (0
P <0.001 0.26 <0
NOS– (645) 35 � 17 27 0.9 (0
NOSþ (502) 38 � 15 28 1.7 (0
P <0.001 0.54 <0
Adhesion– (475) 34 � 17 26 0.9 (0
Adhesionþ (672) 38 � 16 28 1.6 (0
P <0.001 0.42 <0
P-hypertrophy– (998) 36 � 16 27 1.2 (0
P-hypertrophy þ (149) 37 � 16 30 2.0 (1
P 0.48 0.53 <0
Tip lesion– (1118) 36 � 16 27 1.3 (0
Tip lesionþ (29) 40 � 16 41 1.5 (0
P 0.25 0.14 0
PRD– (1099) 36 � 16 27 1.3 (0
PRDþ (48) 35 � 16 31 1.7 (0
P 0.66 0.54 0
Hyalinosis– (1129) 36 � 16 27 1.3 (0
Hyalinosisþ (18) 41 � 18 22 2.1 (0
P 0.26 0.62 0

–, absence; þ, presence; eGFR, estimated glomerular filtration rate; BP, blood pressure; m
resorption droplet; NOS, not otherwise specified; S0, no glomerulus with segmental scle
present.
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subgroups with the highest initial proteinuria level (those
with S1 with NOS and ADH but without PH and those with
S1 with NOS and PH).

We then compared the clinical and pathology character-
istics of treated versus untreated patients within these 2 FSGS
subgroups combined (Table 3). Those who received IS were
younger, had received prior IS more often, and presented
more crescents and a higher proteinuria level than those who
received no IS.

Finally, we performed a propensity study, to match pa-
tients who received CSs and RASB to those with a similar
risk of progression who received only RASB. We limited
this analysis to the subgroups in which unmatched findings
were associated with a benefit of IS. Matched subjects
inuria MAP # of BP eGFR

/d) mm Hg Meds ml/min per 1.73 m2

.4–1.6) 95 � 13 0 (0–1) 88 � 27

.8–2.9) 100 � 13 1 (0–2) 67 � 30

.001 <0.001 <0.001 <0.001

.4–2.0) 96 � 13 0 (0–1) 81 � 28

.9–3.2) 101 � 13 1 (0–2) 64 � 31

.001 <0.001 <0.001 <0.001

.4–2.0) 96 � 12 0 (0–1) 82 � 29

.8–3.0) 100 � 14 1 (0–2) 67 � 29

.001 <0.001 <0.001 <0.001

.5–2.4) 98 � 13 1 (0–1) 75 � 30

.0–4.0) 100 � 13 1 (0–2) 60 � 31

.001 0.12 <0.001 <0.001

.6–2.6) 98 � 13 1 (0–1) 74 � 30

.9–3.6) 98 � 13 1 (0–1) 62 � 27
.11 0.98 0.58 0.04
.5–2.6) 98 � 13 1 (0–1) 74 � 30
.9–2.7) 99 � 14 1 (0–2) 62 � 30
.03 0.65 0.15 0.01
.6–2.6) 98 � 13 1 (0–1) 74 � 30
.7–2.6) 103 � 14 1 (1–3) 57 � 23
.63 0.12 0.22 0.007

eds, medications; FSGS, focal segmental glomerulosclerosis; P, podocyte; PRD, protein
rosis or simple adhesion; S1, glomeruli with segmental sclerosis or simple adhesion
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Figure 3 | Relationship between proteinuria and proportions of glomeruli in presence of segmental sclerosis or simple adhesion (S1),
not otherwise specified (NOS) lesions, and adhesions (ADH). *Gray values refer to NOS lesions restricted to biopsies without glomeruli with
simple adhesion. **Gray values refer to glomeruli with simple adhesion restricted to biopsies without NOS lesions.
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showed similar risk factors of progression (Table 2). We
found a greater survival rate from a combined outcome
with CSs and RASB, with a time-dependent hazard of 0.30
(95% confidence interval, 0.14–0.68, P ¼ 0.004) in refer-
ence to RASB only (Figure 7). This analysis also was sta-
tistically significant when it was done on the 2 subgroups
with the highest initial proteinuria level separately
(data not shown).

DISCUSSION
In IgAN, SS is associated with greater initial proteinuria,
independent of other glomerular lesions. On further
1284
subclassifying these S1 lesions in the Oxford classification
cohort, we identified tip lesions and PH as the strongest
determinants of proteinuria. In this study of the VALIGA
cohort, very few biopsies showed tip lesions, but SS with PH
again was found to be associated with the highest levels of
initial proteinuria, the most-rapid decline in kidney func-
tion, and the worst outcome from a combined event. The
presence of SS, with some glomeruli showing isolated
capsular adhesions, also was associated with more protein-
uria than SS without this, but less proteinuria than that
associated with PH. More importantly, these 2 groups with
the highest initial proteinuria level were associated with the
Kidney International (2024) 105, 1279–1290



Figure 4 | Decision-tree analysis of focal segmental glomerulosclerosis lesions associated with proteinuria. The classification was
derived using the c2 automatic interaction detection (CHAID) methodology. Patients without presence of segmental sclerosis or simple
adhesion (S0) had a proteinuria level of 0.7 (0.4–1.6) g/d. The initial proteinuria level was missing in 42 of the 1147 patients. þ, presence; –,
absence; ADH, simple adhesion; NOS, not otherwise specified; PH, podocyte hypertrophy; S1, presence of segmental sclerosis or simple
adhesion.
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best response to CSs, even when other risk factors were taken
into account by propensity-score matching.

FSGS is a morphologic pattern of injury with multiple eti-
ologies and pathogenetic pathways.13 In the absence of immune
complex deposition in the glomeruli, nephrotic FSGS can
develop as a result of genetic abnormalities,14 or racial predis-
position,15,16 in addition to podocyte injury associated with
viral infections,17 drugs,18 and ischemia.19,20 Elevated levels of
certain soluble permeability factors have been implicated in the
development of primary FSGS.21 In addition to post-
inflammatory scars and hyperfiltration, podocyte injury is
implicated in the development of SS in IgAN, with histologic
features similar to those of other podocytopathies, and evi-
dence from animal models.22–24 Morphologically, features fa-
voring podocytopathy include tip lesions, PH, endocapillary
foam cells, and collapsing lesions.10 Although podocyte injury
via mesangial-podocyte cross-talk initiates these lesions as
isolated adhesions between the capillary tuft and Bowman’s
Figure 5 | Survival from a combined event according to groups of f
with segmental sclerosis or simple adhesion; S1, presence of glome
adhesions; NOS, not otherwise specified; PH, podocyte hypertrophy.
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capsule, the development of matrix obliteration of capillary
lumina is orchestrated by activated parietal epithelial cells.25We
use the term PH by convention to describe the cells overlying
segmental sclerosing lesions, reflecting their visceral epithelial
location, although these typically show a parietal epithelial
phenotype. We describe these lesions in the context of IgAN as
“podocytopathic” features. Although S1 lesions with adhesions
or PH show good response to IS, biopsies with pure NOS-type
lesions showed poor response to IS, the latter representing an
irreversible injury (podocytopathic or otherwise).

No phenotypes of FSGS are specific to either primary or
secondary forms, including those associated with immune
complex glomerulonephritis. The Oxford Classification Study
demonstrated that the presence of SS is an independent
prognostic marker,2 in addition to mesangial hypercellularity
(M), endocapillary hypercellularity (E), and tubular atrophy/
interstitial fibrosis (T). An interesting point to note is that a
higher proportion of S1 lesions show evidence of podocyte
ocal segmental glomerulosclerosis lesions, (S0, no glomerulus
ruli with segmental sclerosis or simple adhesion). ADH, simple
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Figure 6 | Survival from a combined event according to treatment in groups of focal segmental glomerulosclerosis lesions. P
values were derived using a time-dependent survival analysis to account for the lead time bias prior to the start of therapy and the
loss of estimated glomerular filtration rate during that time. Immunosuppressive therapy during follow-up data were missing in 2
subjects. þ, presence; –, absence; ADH, simple adhesions; IS, immunosuppression; NOS, not otherwise specified; PH, podocyte
hypertrophy; S1, presence of segmental sclerosis or simple adhesion.
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injury in IgAN than in lupus nephritis, despite the fact that
they are both immune complex glomerulonephritis.26,27

Hill et.al.27 observed that adhesions without inflammation in
glomerular tuft occurred most commonly in primary FSGS
(69%), followed by IgAN (41%), and they were least common
in lupus nephritis (8%). They hypothesized that podocyte
injury similar to primary FSGS is an important contributing
factor to sclerosis in IgAN, in addition to glomerular inflam-
mation, as in other immune complex glomerulonephritis,
including lupus nephritis. Previous studies26,27 have demon-
strated focal loss of podocyte markers glomerular epithelial
protein (GLEPP-1) and nephrin, particularly at sites of
capsular adhesion where they acquire parietal epithelial cell
phenotype, as evidenced by positive staining for paired box
antigen 2 (PAX 2) and cytokeratin at sites of adhesions and
overlying sclerosed segments, as seen in primary FSGS. Also,
evidence indicates that mesangial-podocyte cross-talk occurs,
along with release of mediators causing podocyte injury.28 This
finding is consistent with earlier studies demonstrating that
IgA stimulates mesangial cell proliferation with release of
mediators that cause podocyte injury.29,30 In addition, excre-
tion of podocytes in the urine reflects disease progression.31
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To improve the level of interobserver agreement, isolated
adhesions and SS, with matrix obliteration of capillaries, were
grouped together as S1 lesions in the Oxford classification.
Together, these lesions involved 76% of the biopsy specimens
from 265 patients in the Oxford classification cohort.1

However, further subclassification was not undertaken at
the time of initial publication. A schema for subclassification
of primary FSGS—the Columbia classification10—which is
widely used, has been shown to be of prognostic value.32,33

Patients with tip variant FSGS have the highest frequency of
remission after steroid therapy and a better long-term
outcome, whereas patients with a collapsing variant are
most likely to progress to end-stage chronic kidney disease. In
the Oxford Classification Study cohort, tip lesions and PH
were associated with higher levels of initial proteinuria, sup-
porting the role of podocyte injury in IgA.9 In the VALIGA
cohort, the presence of SS with luminal obliteration by ma-
trix, in association with PH and/or other glomeruli in the
biopsy showing isolated adhesions, was associated with higher
levels of initial proteinuria and good response to IS. We did
not try to validate the Columbia classification in IgAN,
because simply applying the schema would require incorrect
Kidney International (2024) 105, 1279–1290



Table 3 | Comparisons of individuals showing NOS lesions with PH or ADHs combined receiving immunosuppressive therapy

Variable

NOSD with PH or ADH

P

Matched NOSD with PH or ADH

PNo IS (n [ 174) IS (n [ 213) RASB (n [ 71) RASB D CS (n [ 71)

Clinical characteristics at biopsy
Age, yr 41 � 14 36 � 15 <0.001 39 � 14 27 � 15 0.40
Female, % 29 29 0.98 28 25 0.71
African, Asian, Indian, Caucasian, % 0, 0, 2, 98 1, 2, 1, 96 0.07 0, 0, 99, 1 0, 3, 97, 0 0.22
eGFR, ml/min per 1.73 m2 61 � 28 63 � 31 0.52 60 � 26 62 � 30 0.63
MAP, mm Hg 102 � 14 100 �14 0.21 100 � 12 98 � 11 0.30
Number of antihypertensive medications 1 (0–2) 1 (0–2) 0.21 1 (0–1) 1 (1–2) 0.009
Proteinuria, g/d 1.7 (0.8–3.0) 2.1 (1.2–4.0) 0.007 1.7 (0.7–3.1) 1.5 (1.0–2.7) 0.84
RASB, % 42 43 0.74 39 54 0.09
Prior IS, % 2 15 <0.001 1 0 0.32

Biopsy findings, %
M1 40 45 0.34 41 46 0.50
E1 16 15 0.77 14 13 0.81
T0, T1, T2 60, 34, 6 64, 31, 5 0.64 65, 30, 36 55, 35, 10 0.42
C0, C1, C2 89,11,0 81, 15,5 0.009 83, 17, 0 86, 13, 1 0.48

Follow-upa

Length of follow-up, y 3. 7 (2.1–7.7) 3.6 (2.4–6.5) 0.30 4.0 (2.0–7.3) 4.2 (2.9–7.0) 0.45
MAP, mm Hga 98 � 10 100 � 13 0.09 99 � 9 98 � 10 0.55
Number of antihypertensive medicationsa 1.7 (1.0–2.3) 1.0 (0.5–2.0) 0.002 1.3 (0.8–2.1) 1.0 (1.0–2.0) 0.77
RASBa 88 81 0.05 100 100 By design
CS, CS pulse, CS oral — 98, 36, 93 By design — 100, 32, 96 By design

Azathioprine, cyclophosphamide, MMF, CNI — 17, 19, 10, 3 By design — 13, 13, 13, 0 By design
Time-averaged proteinuriaa 1.1 (0.6–2.3) 2.1 (1.2–3.7) <0.001 1.3 (0.8–2.7) 1.4 (0.9–2.42) 0.64

ADH, adhesion; CNI, calcineurin inhibitor; CS, corticosteroid; C0–C2, proportion of glomeruli showing cellular and/or fibrocellular crescents: C0 (0%); C1 (1%–24%); C2 ($25%).
eGFR, estimated glomerular filtration rate; E1, endocapillary hypercellularity; IS, immunosuppression; M1, mesangial hypercellularity; MAP, mean arterial pressure; MMF,
mycophenolate mofetil; NOS, not otherwise specified; PH, podocyte hypertrophy; RASB, renin-angiotensin blockade; T0–T2, percentage of cortex showing interstitial fibrosis
and tubular atrophy: T0 (#25% of cortex), T1 (26%–50%), and T2 (>50%).
aPrior to IS in the treated groups. Immunosuppressive therapy during follow-up was missing in 2 subjects.
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assumptions to be made and would entail the risk of loss of
valuable information from the histologic analysis. We there-
fore chose to score the individual histologic features seen
within segmental sclerosing lesions, including those that form
the basis of the Columbia schema.

El Karoui et al.26 subclassified the S1 lesions in their IgAN
cohort using the hierarchical system of the Columbia classi-
fication, but they applied a modification for their NOS-
Figure 7 | Response to corticosteroids (CSs) and renin–angiotensin s
propensity-matched individuals displaying glomeruli with not othe
isolated adhesions.

Kidney International (2024) 105, 1279–1290
subtype to avoid SS resulting from inflammatory scarring.
They included only those sclerotic lesions that showed pro-
liferation of parietal epithelial cells or hyalinosis, with the
assumption that these features were not seen in post-
inflammatory scars. They reported a collapsing variant in 11
of 128 cases, a cellular variant in 27 cases, a perihilar variant
in 7 cases, tip lesions in 6 cases, and FSGS not otherwise
specified in 52 cases. Both collapsing and cellular variants
ystem blockade (RASB), compared with that to RASB alone, in
rwise specified (NOS) lesions and podocyte hypertrophy or
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were associated with particularly poor prognosis, with most
patients progressing to end-stage disease, whereas the tip
variant was associated with a relatively good prognosis.
Although tip lesions were noted to be one of the adverse
prognostic factors in the Oxford classification cohort, in the
VALIGA cohort, the number of biopsies with tip lesions was
too small to infer any statistical relevance; no biopsy speci-
mens showed collapsing lesions in either of these cohorts. In
the Hill et al. group,27 the criteria for inclusion under the
cellular variant was the presence of hyperplastic epithelium
overlying the areas of endocapillary hypercellularity, which in
the Oxford classification and the VALIGA cohorts would be
categorized as E1 rather than S1. Furthermore, in the VALIGA
cohort, although we used the same criteria as were used in the
Oxford Classification Study cohort to subclassify S1 lesions,
the proportions of biopsies with tip lesions, protein resorp-
tion droplets, and hyalinosis constituted a mere 3%, 4%, and
2%, respectively. To make the subclassification clinically
relevant, we had to further regroup using the c2 automatic
interaction detection method (Figure 3). The difference in the
frequency of lesions between the study of El Karoui et al.26

and ours emphasizes the importance of consistent interpre-
tation of histology. In our previous study of the Oxford
Classification Study cohort,9 2 pathologists (SSB & OV)
subclassified the S1 lesions independently, and the classifica-
tion was found to be reproducible. In this study of the
VALIGA cohort, all slides were reviewed by a single pathol-
ogist (SSB) for subclassifying S lesions, with a second
pathologist (ISDR) reviewing lesions for which S differed
from that of the local pathologists, besides those associated
with diagnostic difficulty or uncertainty. The level of repro-
ducibility of subclassification of S1 lesions among pathologists
working in different units around the world would be ex-
pected to be lower; the introduction of digital pathology in
recent years will enable this issue to be tested using online
scoring of whole slide images.

Our observational study has limitations. Histology was
correlated with severity of proteinuria, but clinical data
regarding the presence of nephrotic syndrome were not
available for our patient cohort. Given that this cohort was
pan-European, our findings might require further valida-
tion in cohorts from other ethnic groups. Also, unlike
kidney biopsy reporting in real time, for which multiple
levels and sections are available, here, we had more-limited
material available for review. A periodic acid–Schiff–
stained slide was available for review for 99% of biopsies,
but slides stained with hematoxylin and eosin, and silver,
were available for only around half the biopsies, and a
trichrome was available for a third of them. We also were
unable to correlate the light-microscopic findings with the
severity of podocyte foot process effacement or the
immunophenotype of epithelial cells associated with SS, as
electron microscope images and tissue blocks were not
available to study. Finally, treatment allocation was not
randomized, and propensity-score adjustments could not
take into account unmeasured variables.
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In this study of the large VALIGA cohort, we demonstrated
the clinical value of subclassifying SS in IgAN, validating
findings from the original Oxford Classification Study cohort.
Not only were the S1 subgroups associated with significantly
different kidney outcomes, but also, the presence of PH or
glomeruli with simple adhesions was associated with a
reduced risk of disease progression with CSs, suggesting that
these features are indicative of an active and potentially
reversible disease process. In contrast, other FSGS lesions
were unresponsive to IS, indicative of chronic irreversible
lesions. Overall, evidence from the VALIGA study supports
further subclassification of segmental sclerosing lesions into
categories that are associated with treatment responsiveness,
as follows: S1 with matrix obliteration of capillaries (NOS
lesions) þ podocyte hyperplasia and/or isolated adhesions,
and S1 lesions unlikely to be treatment-responsive (S1 NOS
lesions without isolated adhesions or podocyte hyperplasia).
These findings should be validated in non-European cohorts,
particularly in IgAN patients of East Asian origin who show a
different distribution of histologic features with more-
frequent active inflammatory and crescentic lesions.
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