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Abstract
Introduction: Cure Glomerulonephropathy (CureGN) is an
observational cohort study of patients with minimal change
disease (MCD), focal segmental glomerulosclerosis (FSGS),

membranous nephropathy (MN), or IgA nephropathy. We
developed a conventional, consensus-based scoring system
to document pathologic features for application across
multiple pathologists and herein describe the protocol,
reproducibility, and correlation with clinical parameters at
biopsy. Methods: Definitions were established for
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glomerular, tubular, interstitial, and vascular lesions evalu-
ated semiquantitatively using digitized light microscopy
slides and electron micrographs, and reported immuno-
fluorescence. Cases with curated pathology materials as of
April 2019 were scored by a randomly assigned pathologist,
with at least 10% of cases scored by a second pathologist.
Scoring reproducibility was assessed using Gwet’s agree-
ment coefficient (AC)1 statistic and correlations with clinical
variables were performed. Results: Of 800 scored biopsies
(134 MCD, 194 FSGS, 206 MN, 266 IgA), 94 were scored twice
(11.8%). Of 60 pathology features, 46 (76.7%) demonstrated
excellent (AC1>0.8), and 12 (20.0%) had good (AC1 0.6–0.8)
reproducibility. Mesangial hypercellularity scored as absent,
focal, or diffuse had moderate reproducibility (AC1 = 0.58),
but good reproducibility (AC1 = 0.71) when scored as absent
or focal versus diffuse. The percent glomeruli scored as no
lesions had fair reproducibility (AC1 = 0.34). Strongest
correlations between pathologic features and clinical
characteristics at biopsy included interstitial inflammation,
interstitial fibrosis, and tubular atrophy with estimated
glomerular filtration rate, foot process effacement with urine
protein/creatinine ratio, and active crescents with hema-
turia. Conclusions: Most scored pathology features showed
excellent reproducibility, demonstrating consistency for
these features across multiple pathologists. Correlations
between certain pathologic features and expected clinical
characteristics show the value of this approach for future
studies on clinicopathologic correlations and biomarker
discovery. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Cure Glomerulonephropathy (CureGN) is an inter-
national, multi-center, National Institute of Diabetes
and Digestive and Kidney Diseases (NIDDK)-funded
consortium ultimately recruiting approximately 2,400
participants with a biopsy-documented diagnosis of
minimal change disease (MCD), focal segmental glo-
merulosclerosis (FSGS), membranous nephropathy
(MN), or immunoglobulin A nephropathy (IgAN), in-
cluding IgA vasculitis (IgAV) [1]. A common protocol
was developed to enroll patients based in part on pa-
thology review, to prospectively collect clinical and
laboratory data, to procure biosamples for biomarker
discovery, and to generate pathology data based on
standardized light (LM), immunofluorescence (IF), and
electron (EM) microscopy parameters. A group of expert
nephropathologists (CureGN pathology committee)
developed kidney biopsy pathology inclusion and ex-

clusion criteria for disease cohort assignment as MCD,
FSGS, MN, or IgAN using widely accepted pathologic
criteria. Pathology criteria for C1q nephropathy were
established to identify this subgroup of MCD and FSGS.
Separately, the CureGN Core Scoring Working Group
created a comprehensive system for evaluating lesions of
glomeruli, tubules, interstitium, and vessels. Kidney
biopsy materials from enrolled patients, including LM
glass slides scanned into high-resolution whole slide
images (WSIs) and EM digital images, were collected
and uploaded into a digital pathology repository, es-
tablishing an infrastructure for digital pathology
evaluation [2].

The standardized scoring system developed by the
Core Scoring Working Group allows for conventional
pathology scoring to qualitatively and semiquantitatively
document patterns of kidney injury, providing scores
based on explicitly defined terminology and gradations,
and applied in a consistent way across multiple scoring
pathologists. While this consensus-based approach was
designed to reflect how pathologists currently practice in
the clinical setting and provide information necessary for
conventional disease classifications [3, 4], the scoring
system also provides the basis for future CureGN studies
requiring standardized pathology data.

Advantages of the CureGN core scoring protocol in-
clude a mechanism for evaluation of inter-scorer re-
producibility, as a proportion of cases were reviewed and
scored by two pathologists. Assuring reproducibility in
kidney biopsy scoring is a well-recognized challenge in
large collaborative studies [5–7]. Applying widely used
conventional definitions and scoring parameters facili-
tates data reproducibility and reliability. Another ad-
vantage with this conventional approach is that study
conclusions based on correlation of routinely used pa-
thology features with clinical and biological data can be
easily translated to clinical use. Moreover, these data will
serve as a standard baseline for comparing novel scoring
and classification approaches that align better with
clinical, molecular, or biomarker data accrued by
CureGN.

In the current study, we sought to validate the CureGN
pathology system (1) for inclusion and exclusion clas-
sification criteria for cohort assignment, and (2) for
pathologic scoring to establish foundational pathology
data for future CureGN studies. We also sought to
identify pathologic features that are (1) reproducible
across pathologists using a digital platform and (2)
correlate with a limited set of clinical characteristics at the
time of biopsy. Ongoing and future CureGN studies will
determine how well these kidney biopsy pathologic
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features correlate with clinical outcomes, biomarkers of
disease activity and chronicity, and novel predictors of
disease progression.

Materials and Methods

Study Design
CureGN is a multi-center prospective observational study of

patients with glomerular disease. Children and adults with MCD,
FSGS, MN, or IgAN (including IgAV determined clinically) were
eligible if their first diagnostic kidney biopsy was within 5 years of
study enrollment [1, 8]. Patients were excluded at the time of
screening if they had end-stage kidney disease or a specified
number of systemic diseases such as diabetes mellitus, systemic
lupus erythematosus, HIV, or active hepatitis infection [1]. De-
mographics and clinical characteristics were collected at study
enrollment and clinical data were collected at study visits aligned
with clinical care. Race and ethnicity were self-reported or reported
by parents of children as required by the funder. A specified set of
retrospective laboratory data from the time of biopsy was collected.
For each participant, the pathology report was reviewed by a study
pathologist to determine eligibility for enrollment and cohort
assignment. If a pathology report was not sufficient for enrollment,
LM slides and EM images were reviewed. If further assessment was
needed, evaluation by an additional pathologist was performed.
The pathology criteria for study enrollment and cohort assignment
have been published previously and are summarized in online
supplementary Table S1 (for all online suppl. material, see https://
doi.org/10.1159/000534755) [1].

Pathology Materials and Core Scoring
The majority (97%) of kidney biopsy slides from CureGN-

enrolled patients were sent to NIH/NCI for central scanning at ×40
magnification using an Aperio CS (Leica MicroSystems, Vista, CA,
USA) scanning system. The remaining slides (3%) were scanned
locally at their originating institution. All available slides from each
case (minimum of 2 slides including H&E [3440] and at least one
stained with periodic acid-Schiff [2964], Masson’s trichrome
[1952], or Jones methenamine silver [1645]) were scanned into
WSIs and uploaded to a SlidePath server (Leica Microsystems) for
scoring pathologist review. Original pathology reports and EM
images were also uploaded for scoring.

The CureGN Core Scoring Working Group, composed of 11
nephropathologists, selected kidney pathologic features for scoring
(37 on LM, 14 on IF, PLA2R by IF or immunohistochemistry as
available, and 8 on EM) based on those used in routine clinical
practice for diagnosis of the four cohort diseases and assessed
qualitatively or semiquantitatively. Definitions of the features,
semiquantitative assessment parameters and scoring prevalence
are provided in the Supplemental materials (online suppl. Table
S2–S6). These parameters allowed determination of the Columbia
FSGS variants, Oxford IgAN scores, and Ehrenreich and Churg
MN stages. Definitions of the LM and EM pathologic features were
based on approaches used in routine clinical practice and reviewed
by the CureGN pathology committee. Webinar training of all
scoring pathologists using example lesions was completed prior to
initiation of scoring. For LM and EM scoring, all WSIs and EM
images were evaluated. IF findings were abstracted from the pa-

thology reports using a method to transform different terminology
into standardized scores amenable to data analysis (e.g., mild = 1+,
moderate = 2+, severe = 3+). A series of pilot scoring was con-
ducted, with all 11 pathologists scoring the same cases (6 cases in
each of two pilot tests). Data from the pilot tests were used for
preliminary reproducibility assessments, followed by further
discussion and webinar training to improve reproducibility by
refining the list of scoring parameters and their definitions. An
option to request a second opinion by the scorer for specific
questionable lesions (see examples in online suppl. Fig. 1) was
implemented. Scores from these 12 pilot test cases were not in-
cluded in the formal reproducibility analysis described in the next
section, nor were there any cases with second opinion requests
included. Eligible cases were randomly assigned to one of 11
pathologists for scoring.

An electronic CRF was utilized for pathology data collection.
The CRF included the detailed definition for each feature to in-
crease reproducibility. In each case, when present, a single example
of specified pathologic features (including mesangial hyper-
cellularity, endocapillary hypercellularity, fibrinoid necrosis, kar-
yorrhexis, cellular, fibrocellular and fibrotic crescents, and FSGS
variants) was identified by hidden annotation on the WSI and the
slide level noted on the CRF to allow future review if needed.
Scores initially were left blank and not set to 0, requiring all items
to be completed by the scorer. After selecting all scoring features in
the LM, IF, and EM sections, the CRF program determined and
indicated completeness of each section, and the final cohort as-
signment was verified. After detailed pathology scoring, a small
number of cases required removal from the study (n = 4) due to not
meeting enrollment criteria, while a larger number (n = 14) re-
quired cohort reassignment (13 MCD to FSGS due to segmental
sclerosing lesion identified during scoring including tip, perihilar,
NOS, and cellular variants; 1 FSGS to IgA due to data entry error).

Reproducibility
To assess reproducibility, a minimum of 10% of all cases were

scored a second time by a randomly assigned different pathologist.
All possible pairs of pathologists are represented in this reproduc-
ibility analysis. Cases for second reads were distributed in two
batches, both included in the reproducibility analysis. The first batch
(N = 12, different from the 12 cases used in the pilot scoring activities
described above) was specifically selected to contain a wide array of
morphologic features. The second batch (N = 88) was randomly
chosen but stratified by diagnosis to include a higher proportion of
IgAN and FSGS cases and a lower proportion of MCD cases because
the former were expected to have a greater number and variety of
positive scorable lesions; however, all disease cohorts were included
for generalizability of results. Cases assigned for second read were
distributed together with single-read cases so that pathologists were
blinded to whether they were completing a first or second read.

Clinical-Pathologic Correlation
Correlations between pathology parameters and demographic

and clinical variables at biopsy, or as close in time as available, were
assessed. These data include age at biopsy, sex, weight status
(underweight [BMI <18.5 or BMI percentile<5 for children],
normal weight [BMI 18.5−<25 or BMI percentile 5−<85 for
children], overweight [BMI 25-<30 or BMI percentile 85-<95 for
children], obese [BMI >=30 or BMI percentile>=95 for children]),
and blood pressure status (normal, elevated blood pressure, stage 1

250 Glomerular Dis 2023;3:248–257
DOI: 10.1159/000534755

Palmer et al.

https://doi.org/10.1159/000534755
https://doi.org/10.1159/000534755
https://doi.org/10.1159/000534755


hypertension, or stage 2 hypertension) at study enrollment (as
these were not collected at biopsy), and specified laboratory test
results at biopsy (dipstick urine blood, urine protein/creatinine
ratio (UPCR), serum albumin, and estimated glomerular filtration
rate (eGFR). eGFR was estimated using serum Cr by the CKiD
under 25 (U25) formula for participants younger than 25 years old,
and CKD-EPI formula without race coefficient for participants
25 years and older [9, 10].

Statistical Analysis
Inter-pathologist reproducibility of pathology parameters was

assessed using intraclass correlation coefficient for the only con-
tinuous parameter (the greatest number of glomeruli identified on
any one of the scanned slides for a case), and using Gwet’s
agreement coefficient (AC) statistic for all other parameters [11].
For semiquantitative (ordinal) parameters, linear weights were
used so that scores that are exactly the same receive a weight of 1;
and weights decrease evenly until scores that are furthest apart
receive a weight of 0. Gwet’s AC, instead of Fleiss’ kappa, was used
because Fleiss’ kappa calculation of chance agreement depends on
the distribution of ratings from each rater, and performs differ-
ently for skewed and balanced samples with the same percent
agreement. Gwet’s AC is less sensitive to prevalence of features and
was chosen due to the low prevalence of some features in this
study. With a sample size of 94 cases with second reads, estimates
of Gwet’s AC were accurate within 0.05–0.2, with the majority of
features able to be estimated within 0.15.

Correlations were assessed for continuous, ordinal, and binary
pathology parameters. Categorical pathology parameters (n = 10)
were also excluded, as correlations cannot be assessed with categorical
parameters. For continuous pathology parameters, Pearson, poly-
serial, and point-biserial correlation coefficients were calculated to
assess associations with continuous, ordinal, and binary variables,
respectively. For an ordinal pathology parameter, polyserial, poly-
choric, and point-biserial correlation coefficients were calculated to

assess associations with continuous, ordinal, and binary variables,
respectively [12–14]. For a binary pathology parameter, point-biserial,
polychoric, and tetrachoric correlation coefficients were calculated to
assess its association with continuous, ordinal, and binary variables,
respectively [12].

Reproducibility analyses were conducted using R software,
version 4.0.3 (R Development Core Team, Vienna). All other
statistical analyses were conducted using SAS software, version 9.4
(SAS Institute, Cary, NC, USA).

Results

A total of 800 participants had biopsy features scored
as of March 2021, including 134 MCD, 194 FSGS, 206
MN, and 266 IgAN (including 62 participants with
IgAV) (Table 1). Adequate pathology materials were
available for LM scoring in 789 (including 2 cases with
2 WSI each and 17 cases with 3 WSI each), IF scoring in
793, and EM scoring in 762. Mean (standard deviation)
age at biopsy was 38 (21) years, with 23% children (<18
years) and 77% adults. Fifty-seven percent of the
participants were male, 70% were white, and 85% were
non-Hispanic. At biopsy, median (interquartile range
[IQR]) eGFR was 77.1 (46.5–105.8) mL/min per
1.73 m2; median (IQR) UPCR was 3.5 (1.2–7.1) g/g; and
median (IQR) serum albumin was 3.2 (2.2–3.8) g/dL.
Characteristics by disease diagnosis are presented in
Table 1. Compared to the overall CureGN cohort (N =
2,492, Table 2), those who had core scoring done were
older (mean age 38 vs. 32 years), more often adults

Table 1. Clinical and demographic characteristics by disease diagnosis (core scoring cohort)

Mean (SD) or median
(Q1–Q3) or N (%)a

Overall (n = 800) MCD
(n = 134)

FSGS (n = 194) MN
(n = 206)

IgAN (n = 204) IgAV
(n = 62)

Age at biopsy, years 37.9 (21.4) 28.3 (23.4) 37.2 (22.4) 50.2 (17.0) 37.0 (17.1) 23.4 (17.9)
<18, n (%) 184 (23) 60 (45) 48 (25) 9 (4) 32 (16) 35 (56)
≥18, n (%) 616 (77) 74 (55) 146 (75) 197 (96) 172 (84) 27 (44)

Male, n (%) 452 (57) 69 (51) 93 (48) 121 (59) 132 (65) 37 (60)
Hispanicb, n (%) 118 (15) 20 (15) 37 (19) 23 (11) 29 (14) 9 (15)
Racec, n (%) 15 (12) 15 (8)

Asian, n (%) 78 (10) 17 (14) 56 (31) 20 (10) 26 (13) 2 (3)
Black, n (%) 121 (16) 7 (6) 6 (3) 35 (1) 11 (6) 2 (3)
Other, n (%) 27 (4) 86 (69) 102 (57) 5 (3) 7 (4) 2 (3)
White 536 (70) 103.8 (78.7–123.7 61.8 (35.6–95.4) 140 (70) 156 (78) 52 (90)

eGFR at biopsyd, mL/min
per 1.73 m2

77.1 (46.5–105.8) 6.0 (1.1–10.1) 4.0 (1.9–7.7) 85.2 (55.8–107.8) 60.3 (40.0–92.0) 82.1 (58.9–110.0)

UPCR at biopsyf, g/g 3.5 (1.2–7.1) 2.4 (1.7–3.3) 3.1 (2.1–3.8) 5.6 (3.0–8.7) 1.4 (0.7–2.7) 1.7 (0.7–5.3)
Serum albumin at
biopsyf, g/dL

3.2 (2.2–3.8) 28.3 (23.4) 37.2 (22.4) 2.5 (2.0–3.2) 3.8 (3.4–4.2) 3.3 (2.9–3.8)

SD, standard deviation; IQR, interquartile range; MCD, minimal change disease; FSGS, focal segmental glomerulosclerosis; MN, membranous
nephropathy; IgAN, IgA nephropathy; IgAV, IgA vasculitis; eGFR, estimated glomerular filtration rate; UPCR, urine protein-to-creatinine ratio
(measured on 24–hour urine, first morning void, or spot/random urine in hierarchy as available). aPercent reported among nonmissing
observations. b≤1% missing. c1–5% missing. d5–10% missing. e10–20% missing. f20–25% missing.
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(77% vs. 63%) due to pediatric pathology materials
being obtained at a slower rate compared to adults, and
had a lower median eGFR (77.1 vs. 85.7 mL/min per
1.73 m2). They were similar with regard to other
characteristics, including race and ethnicity, UPCR,
and serum albumin at biopsy.

There were 194 biopsies showing FSGS that underwent
core scoring including 34 collapsing, 42 tip lesion, 7
cellular, 22 perihilar, and 86 not otherwise specified
variants by the Columbia classification. Three biopsies
could not be classified due to the diagnostic lesion(s) not
being present in the LM slides scored; however, by the
pathology report, FSGS was identified in the LM, IF, or
EM material that was not available for core scoring
evaluation. One case had a discrepancy between the re-
port description and WSIs, which on review revealed the
incorrect biopsy report had been included with the case.
This error was subsequently corrected and, in concert
with cohort changes described above due to pathology
findings, highlights the value of core scoring as an ad-
ditional QC step to ensure data quality. Clinical char-
acteristics by FSGS variant are in Table 3.

Reproducibility
The number of WSIs available for evaluation was

similar between the cases with second reads (mean 10.6,
range 3–20) and all core-scored cases (mean 10.1, range
2–23). AmongN = 100 cases (11.8% of 800 total) assigned

second reads, N = 94 were included in the reproducibility
analysis (N = 6 excluded due to at least one read not
completed due to digital pathology repository unavail-
ability for technical reasons), none of which had second
opinions performed. These 94 cases included 7 MCD, 37
FSGS, 18 MN, 26 IgAN, and 6 IgAV. Of the 60 pathology
features, 46 (76.7%) demonstrated excellent reproduc-
ibility (Gwet’s AC >0.8), and 12 (20.0%) had good re-
producibility (Gwet’s AC >0.6) (Fig. 1). Mesangial hy-
percellularity scored as absent, focal, or diffuse had only
moderate reproducibility (AC = 0.58), although when
scored as absent or focal versus diffuse (M0 vs. M1 in
Oxford IgA scoring), it had good reproducibility (AC =
0.71). The percent glomeruli scored as having no lesions
had only fair reproducibility (AC = 0.34), and thus was
not included in the clinical-pathologic correlation anal-
ysis. Given the precision of Gwet’s AC in this sample, 76%
of parameters with at least good agreement (AC >0.6)
would still be estimated to have good agreement if the
true AC was at the lower bound of the 95% confidence
interval.

Clinical-Pathologic Correlation
Clinical parameters were correlated with several

pathologic features (Fig. 2). Age was positively correlated
(r range 0.40–0.60) with global glomerular sclerosing/
obliterative lesions, global glomerular capillary wall
wrinkling, interstitial fibrosis and tubular atrophy, and

Table 2. Clinical and demographic characteristics by disease diagnosis (entire CureGN cohort)

Mean (SD) or median
(Q1–Q3) or N (%)a

Overall
(n = 2,492)

MCD (n = 571) FSGS (n = 644) MN (n = 559) IgAN (n = 545) IgAV (n = 173)

Age at biopsy, years 31.9 (21.6) 21.4 (21.2) 32.0 (21.1) 47.4 (18.3) 31.1 (17.5) 18.2 (15.0)
<18, n (%) 922 (37) 350 (61) 226 (35) 54 (10) 174 (32) 118 (68)
≥18, n (%) 1,570 (63) 221 (39) 418 (65) 505 (90) 371 (68) 55 (32)

Male, n (%) 1,413 (57) 309 (54) 339 (53) 334 (60) 327 (60) 104 (60)
Hispanicb, n (%) 326 (13) 63 (11) 91 (14) 65 (12) 86 (16) 21 (12)
Racec, n (%) 50 (9) 33 (5)

Asian, n (%) 209 (9) 99 (18) 177 (29) 46 (8) 70 (13) 10 (6)
Black, n (%) 16 (393) 27 (5) 32 (5) 89 (16) 24 (5) 4 (2)
Other, n (%) 97 (4) 374 (68) 377 (61) 14 (3) 19 (4) 5 (3)
White 1,710 (71%) 107.7 (81.8–126.8 71.0 (40.6–102.7) 393 (73%) 417 (79%) 149 (89%)

eGFR at biopsye,
mL/min per 1.73 m2

85.7 (55.1–112.4) 4.9 (0.8–9.5) 4.0 (2.0–8.0) 88.6 (64.3–109.8) 71.5 (44.4–101.6) 95.8 (69.4–113.5)

UPCR at biopsyf, g/g 3.3 (1.1–7.2) 2.4 (1.8–3.2) 3.0 (2.1–3.7) 5.5 (2.7–8.5) 1.4 (0.7–3.0) 1.8 (0.7–4.6)
Serum albumin at
biopsyf, g/dL

3.0 (2.2–3.8) 21.4 (21.2) 32.0 (21.1) 2.6 (2.0–3.2) 3.8 (3.4–4.2) 3.4 (2.9–3.8)

SD, standard deviation; IQR, interquartile range; MCD, minimal change disease; FSGS, focal segmental glomerulosclerosis; MN, membranous
nephropathy; IgAN, IgA nephropathy; IgAV, IgA vasculitis; eGFR, estimated glomerular filtration rate; UPCR, urine protein-to-creatinine ratio
(measured on 24–hour urine, first morning void, or spot/random urine in hierarchy as available). aPercent reported among nonmissing
observations. b≤1% missing. c1–5% missing. d5–10% missing. e10–20% missing. f20–30% missing.
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vascular sclerosis, and positively correlated (r range
0.31–0.39) with inflamed interstitial fibrosis, ischemic
glomerular capillary wall wrinkling, podocyte foot pro-
cess effacement (FPE), subepithelial electron dense de-
posits, and thick glomerular basement membranes. Age
was negatively correlated with global endocapillary hy-
percellularity (r = −0.45). Hypertension was positively
correlated (r range 0.26–0.34) with vascular sclerosis,
global glomerular sclerosing/obliterative lesions, global
glomerular capillary wall wrinkling, tubular atrophy and
interstitial fibrosis, inflamed interstitial fibrosis, and thick
glomerular basement membranes. Sex and weight status
were not correlated with the pathologic features.

Hematuria was positively correlated with several
glomerular features, including mesangial and endoca-
pillary hypercellularity (r = 0.51 and 0.53, respectively),
active (cellular and fibrocellular) crescents (r = 0.62 and
0.55, respectively), necrosis (r = 0.46), and karyorrhexis
(r = 0.39). Hematuria was also positively correlated with
IgA, C3, and lambda light chain deposition by IF (r range
0.41–0.58), and with mesangial and subendothelial
electron dense deposits (r = 0.52 and 0.38, respectively).
UPCR was negatively correlated with fibrous crescents
(r = −0.36) and positively correlated with FPE (r = 0.39).
Serum albumin was negatively correlated with FPE

(r = −0.62) and was positively correlated with IgA de-
position and mesangial electron dense deposits (r = 0.42
and 0.41, respectively). eGFR was negatively correlated
with patterns of global and segmental glomerulosclerosis
(r range −0.34 to −0.70), interstitial inflammation, in-
terstitial fibrosis, and tubular atrophy (r range −0.58
to −0.62), tubular microcystic change (r = −0.51), and
vascular sclerosis (r range −0.53 to −0.55).

Discussion

We have described and implemented a system to
document pathologic features in the CureGN study. The
intent is to establish baseline pathology features that can
be useful as a foundation for further experimental ap-
proaches, including the search for biomarkers that cor-
relate with the presence and severity of pathologic pro-
cesses, and may elucidate pathogenic mechanisms and
novel targets for therapy. The approach described ad-
dresses challenges inherent in CureGN and other large
multi-institutional studies of kidney disease, including:
(1) a large dataset of digital images, (2) a diverse set of
contributing sites with differences in processes for tissue
preparation, (3) different disease categories with both

Table 3. Clinical and demographic characteristics by FSGS variant

Mean (SD) or median
(Q1–Q3) or N (%)a

Collapsing
(n = 34)

Tip (n = 42) Cellular (n = 7) Perihilar
(n = 22)

All others
(n = 86)

Diagnostic
lesion not
present in
WSIs (n = 3)

Age at biopsy, years 35.7 (22.4) 39.5 (23.6) 46.9 (17.2) 35.0 (18.8) 36.5 (23.4) 32.7 (22.2)
<18, n (%) 8 (24) 12 (29) 0 (0) 3 (14) 24 (28) 1 (33)
≥18, n (%) 26 (76) 30 (71) 7 (100) 19 (86) 62 (72) 2 (67)

Male, n (%) 14 (41) 19 (45) 3 (43) 15 (68) 39 (45) 3 (100)
Hispanicc, n (%) 7 (21) 6 (14) 1 (14) 6 (27) 17 (20) 0 (0)
Raced, n (%) 2 (6) 3 (8) 1 (14) 2 (11) 6 (7) 1 (33)

Asian, n (%) 17 (55) 7 (18) 1 (14) 3 (17) 28 (35) 0 (0)
Black, n (%) 2 (6) 1 (3) 0 (0) 0 (0) 3 (4) 0 (0)
Other, n (%) 10 (32) 28 (72) 5 (71) 13 (72) 44 (54) 2 (67)
White 31.9 (14.5–64.9) 79.6 (39.5–102.1) 46.3 (37.7–99.1) 72.6 (43.1–93.0) 61.4 (36.7–100.0) 99.6

(55.9–132.7)
eGFR at biopsyd, mL/

min per 1.73 m2
5.4 (1.5–8.9) 5.2 (3.7–8.2) 5.1 (4.1–5.2) 3.1 (1.3–4.9) 3.3 (1.6–5.6) 6.7 (1.8–8.7)

UPCR at biopsye, g/g 2.2 (1.6–3.1) 2.3 (1.7–3.0) 2.9 (2.2–3.9) 4.1 (3.2–4.3) 3.6 (2.8–4.0) 1.6 (1.4–4.4)
Serum albumin at

biopsye, g/dL
35.7 (22.4) 39.5 (23.6) 46.9 (17.2) 35.0 (18.8) 36.5 (23.4) 32.7 (22.2)

FSGS, focal segmental glomerulosclerosis; SD, standard deviation; IQR, interquartile range; eGFR, estimated glomerular filtration
rate; UPCR, urine protein-to-creatinine ratio (measured on 24–hour urine, first morning void, or spot/random urine in hierarchy as
available). aPercent reported among nonmissing observations. b≤1% missing. c1–5% missing. d5–10% missing. e10–20% missing.
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unique and overlapping lesions, (4) a large number of
scoring pathologists trained for congruent scoring, and
(5) the need to design pathology methods that can be
readily applied by the larger community of renal pa-
thologists to use in practice. We show that this approach
is practical, reproducible, and effective for clinicopath-
ologic correlations in the CureGN study, and thus can
serve as a model for pathologic classification and scoring
in similarly designed studies. The definitions and pro-
cedures explicitly described here are available and may be
useful as a representation of the conventional pathology
approach to consortia studying glomerular diseases, in-
cluding CureGN itself, who may benefit from having a
conventional pathology benchmark against which more
experimental approaches can be tested. CureGN Core
Scoring serves in this way as a pathology baseline, as well
as a database of reproducibly scored parameters, so that
novel scoring systems can be applied in the setting of the
CureGN cohort and compared against it as a way to assess
their added value to prognosis or other clinical questions.

This initial analysis of cases was performed to assess
our scoring system with respect to interobserver repro-
ducibility and correlation with clinical variables. The
cohort of scored cases is generally representative of the
larger study by demographic and clinical characteristics,
with the exception that the scored cohort is slightly older
with a lower median eGFR. The difference in eGFR is
likely due to an underrepresentation of pediatric cases in
the materials available for earlier scoring.

The majority of pathologic features showed excellent
or very good reproducibility, justifying our approach for
accommodating a large number of scoring pathologists
working with materials originating from multiple hos-
pitals. We attribute the encouraging reproducibility re-
sults in part to holding a series of pilot scoring tests
followed by training calls and video conferences among
scorers, which enabled us to refine specific definitions.
Another likely contributor to facilitating reproducibility
was our reliance on broad consensus for these definitions
and features, giving priority to practices a majority of
scorers already employ in their clinical work. This ap-
proach also has the intended practical effect of rendering
any findings based on these features more translatable to
existing clinical practices.

One feature with lower reproducibility was mesangial
hypercellularity. After follow-up discussions with the
scoring group, we attribute this variation in part to
scorers using different stains to score this feature as they
do in their clinical pathology practice. In other studies,
such as the Oxford classification of IgAN, a specific stain
such as PAS was specified for the purpose of scoring
mesangial cellularity to reduce variability [7]. We expect
that clarifying the use of a specific stain, such as the PAS,
to use for this feature will address this problem. A feature
that was only fairly reproducible was the number of
glomeruli without any lesions; this has been shown to be
problematic as exemplified by the Oxford IgA study [7].
For our study, we believe this reflects insufficient clari-
fication in the definition and initial training. The defi-
nition was “glomeruli with an absence of all of the LM
lesions described below.”However, in reviewing the data,
it appeared some lesions and the stain used to evaluate
them, such as global capillary wall thickening (e.g., in
MN) and using silver versus PAS or H&E stains, were
inconsistently applied to glomeruli without any lesions.
Therefore, as with the abovemesangial scoring, specificity
of the definition, further training, and possibly restriction
to specific stains are expected to clarify and alleviate the
issue.

We performed correlations between pathologic and
clinical variables in this scoring cohort and the results
provide confidence that this approach will be useful for
future clinicopathologic and biomarker correlations.
For example, the finding that age correlates with global
glomerulosclerosis and with interstitial fibrosis is in
keeping with other reports [15–19]. The negative
correlation between eGFR and interstitial fibrosis is
also well established and is nicely recapitulated in this
initial assessment of clinical and pathologic features in
the CureGN study [20–22]. Similarly, podocyte FPE
correlates with proteinuria, as expected from previous
data [18, 23]. Since CureGN includes several different
glomerular disease entities, the application of a single
scoring system of conventional parameters might be
questioned. The prognostic value of some conventional
pathology lesions has been demonstrated across a wide
range of kidney disease [24], including association of
interstitial fibrosis and glomerulosclerosis with

Fig. 1. Inter-agreement statistics using ICC or Gwet’s AC for 94 cases
included in reproducibility analysis. The numbers on the right side of
the plot are percent of nonzero values to show the prevalence of the
ordinal pathology parameters (NA is shown for categorical param-
eters because percent of nonzero is not applicable). Standard error
bars are shown for Gwet’s AC statistics. Agreement statistics ≥0.6 are

plotted in green and those<0.6 are plotted in red. Agreement statistics
for parameters agreement statistics ≥0.6 and <10% nonzero values are
in yellow. The two features with agreement statistics <0.6 both
had >10% nonzero values. Glom, glomerular; TIV, tubulointerstitial
and vascular; IF, immunofluorescence; EM, electron microscopy;
ICC, intraclass correlation coefficient.
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progression. Similarly, our clinicopathologic correla-
tions as noted above hold despite the different un-
derlying disease etiologies represented in CureGN,
justifying the use of a single system of conventional
lesions broadly applied. Many of the correlations result
from differences in clinical features of different disease
entities, such as the expected greater hematuria and
relatively less proteinuria of IgAN compared to MN,
leading to changes in correlations between mesangial
proliferation and IgAN score (for example) to those
clinical markers. Thus, there should be great comfort
that the clinicopathologic correlations shown here are
largely expected and moderately strong.

The aim of this study was to score the kidney bi-
opsies for currently used conventional pathology
features to generate reproducible pathology data in
the CureGN study. These data can then be used to
evaluate correlations with outcomes of these diseases,
and look for disease biomarkers, clinical measures, or

biological findings that may account for disease ac-
tivity and risk. Future studies can determine how to
optimally use these scores in predicting treatment
response and prognosis, and understand disease bi-
ology (such as through omics). These data will also
provide a benchmark for determining the value of
conventional and novel pathologic features in pre-
dicting precision treatments, and disease remission
and progression in patients with the CureGN glo-
merular diseases.

Statement of Ethics

This study protocol was reviewed and approved by the Salus
IRB which serves as the single IRB per NIH policy
[#IRB00013544]. Written informed consent was obtained from all
adult patients to participate in the study. For patients under
18 years of age, written informed consent was obtained from
participant’s parent/legal guardian/next of kin to participate in the
study.

Fig. 2. Pathology parameters with strongest correlation with baseline or clinical characteristics. IF, immuno-
fluorescence; EM, electron microscopy; IgA score, immunoglobulin A intensity by immunofluorescence; LM,
light microscopy; UPCR, urine protein-to-creatinine ratio; eGFR, estimated glomerular filtration rate; albumin,
serum albumin.
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