Clinical Kidney Journal, 2022, vol. 0, no. 0, 1-13

https:/doi.org/10.1093/ckj/sfac208
Advance Access Publication Date: 14 September 2022
Original Article

Clinical Kidney Journal

ORIGINAL ARTICLE
Clinicopathological characteristics and disease

chronicity in native kidney biopsies in Flanders

Dries Deleersnijder @21 Wim Laurens3%1, Johan De Meester?,

Evert Cleenders®, Amélie Dendooven®’, Evelyne Lerut®®, An S. De Vriese®1°,
Tom Dejagere!!, Mark Helbert'?, Rachel Hellemans’-'3, Priyanka Koshy?,

Bart Maes!#, Lissa Pipeleers'®, Amaryllis H. Van Craenenbroeck?~, Steven Van
Laecke'®, Johan Vande Walle*!/, Marie M. Couttenye’ 3, Gert Meeus*® and
Ben Sprangers ©12; on behalf of the FCGG collaborative group*

1Department of Microbiology, Immunology and Transplantation, Laboratory of Molecular Immunology, Rega
Institute, KU Leuven, Leuven, Belgium, ?Department of Nephrology, University Hospitals Leuven, Leuven,
Belgium, 3Department of Nephrology and Dialysis, VITAZ Hospital, Sint-Niklaas, Belgium, “Department of
Internal Medicine and Pediatrics, Ghent University, Ghent, Belgium, >Department of Microbiology,
Immunology and Transplantation, Nephrology and Renal Transplantation Research Group, KU Leuven,
Leuven, Belgium, ®Division of Pathology, University Hospital Ghent, Ghent, Belgium, ’Laboratory of
Experimental Medicine and Pediatrics, University of Antwerp, Wilrijk, Belgium, 8Department of Imaging and
Pathology, KU Leuven, Leuven, Belgium, °Department of Pathology, University Hospitals Leuven, Leuven,
Belgium, °Department of Nephrology and Infectious Diseases, AZ Sint-Jan, Brugge, Belgium, ' Department of
Nephrology, Jessa Hospital, Hasselt, Belgium, ?’Department of Nephrology, ZNA Middelheim Hospital,
Antwerp, Belgium, *Department of Nephrology, Antwerp University Hospital, Edegem, Belgium, *Department
of Nephrology, AZ Delta, Roeselare, Belgium, Department of Nephrology, University Hospital Brussels,
Brussels, Belgium, °Renal Division, Department of Internal Medicine, Ghent University Hospital, Ghent,
Belgium, Y Department of Pediatric Nephrology, Ghent University Hospital, Ghent, Belgium and *Department
of Nephrology, AZ Groeninge Hospital, Kortrijk, Belgium

*Members of the FCGG collaborative group are listed in Appendix I. These members are collaborators, unless also mentioned in the author list above, in
which case they are authors.

fThese authors contributed equally to this work.
Correspondence to: Ben Sprangers; E-mail: ben.sprangers@zol.be; Dries Deleersnijder; E-mail: dries.deleersnijder@kuleuven.be

ABSTRACT

Background. The Flemish Collaborative Glomerulonephritis Group (FCGG) registry provides complete population data on
kidney disease epidemiology in the region of Flanders (Belgium), as it captures all native kidney biopsies performed in its
population of 6.5 million inhabitants.
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Methods. From 2017 until 2019, 2054 adult kidney biopsies were included from 26 nephrology centers (one biopsy per
patient). Data on nephrotic and nephritic syndrome were available in 1992 and 2026 biopsies, respectively. In a subgroup
of 898 biopsies containing >10 glomeruli from 2018 to 2019, disease chronicity was graded using the Mayo Clinic
Chronicity Score (MCCS). The association between clinical variables and MCCS was determined using simple and
multiple linear regression models.

Results. Nephrotic syndrome (present in 378 patients, 19.0%) was most frequently caused by minimal change disease in
younger patients (18-44 years), membranous nephropathy in older patients (45-74 years) and amyloidosis in the elderly
(>75 years). Nephritic syndrome (present in 421 patients, 20.8%) was most frequently caused by immunoglobulin A
nephropathy (IgAN) in younger patients (18-64 years) and ANCA-associated vasculitis (AAV) in older patients (>64 years).
AAV and IgAN were the most frequent underlying diagnoses in biopsies in which crescents were identified. In
multivariable analysis, acute and chronic kidney disease and diagnoses of diabetic kidney disease, nephrosclerosis and
hyperoxaluria/hypercalcemic nephropathy were associated with the highest MCCS increases.

Conclusions. The FCGG registry validates data from previous Western European registries and provides a snapshot of
disease chronicity in the whole biopsied Flemish population.

LAY SUMMARY

The Flemish Collaborative Glomerulonephritis Group (FCGG) registry collects information on patients that undergo
kidney biopsy in the region of Flanders in Belgium. The registry summarizes the underlying diagnoses in patients
that present with symptoms of kidney disease (e.g. blood and/or protein in the urine or decreased kidney function).
Additionally, the registry also collects information on the degree of chronic damage on kidney biopsy. This is
important because chronic damage may lead to kidney failure. From 2017 until 2019, a total of 2054 adult biopsies
were analyzed, while chronic damage could be analyzed in 898 biopsies. We found that the underlying causes of
severe kidney disease were similar to studies performed in other European countries. Importantly, we found that
increasing age, reduced kidney function and certain diagnoses are associated with more chronic damage on kidney
biopsy. This information may be useful to doctors in clinical practice, in both Belgium and Europe.

GRAPHICAL ABSTRACT

sl Clinicopathological characteristics and disease chronicity
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registries and provides a snapshot of disease chronicity in the whole biopsied
Flemish population.
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INTRODUCTION

Kidney biopsy registries enable both epidemiological research
and patient selection for clinical trials [1]. The Flemish Collab-
orative Glomerulonephritis Group (FCGG) kidney biopsy registry
was initiated in 2017 to characterize native kidney disease in
Flanders, the Dutch-speaking Northern part of Belgium count-
ing approximately 6.5 million inhabitants [2]. The registry in-
volves all Flemish nephrology centers and covers all biopsies
performed in Flanders, thus providing population data on kid-
ney disease epidemiology in Western Europe.

Kidney histology is essential in diagnosis, but also provides
valuable information on disease activity and chronicity, which
is relevant for clinical decision making [3, 4]. Patterns of dis-
ease activity and chronicity have previously been implemented
in disease-specific scores [5-7]. In 2017, Sethi et al. proposed
the Mayo Clinic Chronicity Score (MCCS) as a uniform scoring
system to grade chronic changes in native kidney biopsies, re-
gardless of the underlying disease [4]. The FCGG registry is the
first European multi-center registry to systematically collect the
MCCS in nearly all included kidney biopsies through a standard-
ized pathology report.

In this study, we report on clinicopathological characteristics
of adult kidney biopsies in Flanders from 2017 until 2019. Next,
we outline the MCCS of included biopsies, thereby providing in-
formation on the prevalence of kidney disease chronicity in the
biopsied Flemish population.

MATERIALS AND METHODS
Ethics

This study complied with the principles of the Declaration of
Helsinki, Good Clinical Practice Guidelines and all applicable reg-
ulatory requirements. The study was approved by the Ethical
Committee of the University Hospitals Leuven (study reference
$59182) and local committees of all participating centers. All
study participants or their legal representative provided written
informed consent.

Flemish population and participating centers

On 1 January 2017, Flanders counted 6 516 011 official inhab-
itants, of which 5 251 635 were adults [>18 years, data from
Statbel (https://statbel.fgov.be/en)]. Biopsies were analyzed by 17
(nephro)pathologists from 11 pathology departments (10 in Flan-
ders, 1 in Brussels); two nephropathologists examined approxi-
mately 60% of all biopsies. All 24 nephrology centers in Flanders
and two centers in Brussels participated in the registry.

Patient eligibility and biopsy inclusion

The FCGG registry includes all (non-tumor) native kidney biop-
sies from the participating centers. From 1 January 2017 until 31
December 2019, a total of 2419 adult and pediatric biopsies were
available. For this study, additional exclusion criteria were de-
fined (Fig. 1) and only one biopsy per patient was included. For
analysis of MCCS, only biopsies from 2018 to 2019 containing >10
glomeruli were retained, as recommended [4]. As a result, 2054
adult kidney biopsies were included for epidemiological analysis
and a subgroup of 898 biopsies for analysis of MCCS.
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FCGG O\ From 01-01-2017 until 31-12-2019
v

2,419 biopsies identified

188 biopsies of non-Flemish residents excluded*

A\ 4

A 4

2,231 biopsies

> 40 repeat biopsies excludedt

> 13 first non-diagnostic biopsies excludedt
2,178 biopsies

> 124 pediatric (< 18 yrs.) biopsies excluded

2,054 biopsies for

epidemiological analysis

651 biopsies from 2017 excludedt

A 4

A 4

1,403 biopsies

1 434 bi ies with < 10 glomeruli/no info excluded§

A 4
969 biopsies

»| 71 biopsies with nofincomplete MCCS excluded

898 biopsies for
analyses involving MCCS

Figure 1: Flowchart of kidney biopsy selection for final analysis. *Based on ZIP-
codes; 'repeat biopsies were excluded, unless the first biopsy did not yield a di-
agnosis and a repeat biopsy was performed within the following 4 months, in
which case the repeat biopsy was retained and the first biopsy excluded; *for
analysis of the MCCS, biopsies from 2017 were excluded, as this score was only
introduced by Sethi et al. in 2017 [4]; $37 biopsies with no info on glomeruli, 397
biopsies with 0 to 9 glomeruli.

Clinical data

Patient demographics and the following clinical parameters
were provided by the attending nephrologist at time of biopsy:
kidney injury, hematuria, proteinuria, presence of nephrotic syn-
drome (NS) (as reported by the clinician) and serum albumin
(Table 1). Based on these data, the following clinical syndromes
were retrospectively defined: NS, nephritic syndrome, isolated
nephrotic-range proteinuria and isolated hematuria (Table 2).

Histopathological data

Data on the following histopathological parameters were pro-
vided by the (nephro)pathologist. (i) Primary histopathologi-
cal diagnosis, coded according to a proprietary coding system
created for this registry (https://www.nbvn.be/blog/organisatie/
fcgg-in-english). (ii) Histopathological pattern of glomerular
injury (e.g. presence of crescents). (iii) The MCCS, which is a
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Table 1: Clinical parameters included in the FCGG registry.

Clinical parameter Options
Kidney injury AKI
CKD
No kidney injury
Hematuria Yes
No
Proteinuria, UPCR (g/g) or 24 h <1.0
collection (g/24 h)
>1.0 and <3.5
>35
NS (reported in data form) Yes
No
Serum albumin (g/L) Continuous numerical
variable

Table 2: Definitions of clinical nephrological syndromes.

Nephrotic syndrome

Proteinuria, UPCR (g/g) or 24 h collection (g/24 h) >3.5
Serum albumin (g/L) <30.0
Nephritic syndrome
Hematuria Yes
Proteinuria, UPCR (g/g) or 24 h collection (g/24 h) >1.0
Kidney injury AKI or CKD
NS (reported in data form) No
Isolated nephrotic-range proteinuria
Hematuria No
Proteinuria, UPCR (g/g) or 24 h collection (g/24 h) >35
Serum albumin (g/L) >30.0
NS (reported in data form) No
Isolated hematuria
Hematuria Yes
Proteinuria, UPCR (g/g) or 24 h collection (g/24 h) <1.0
Kidney injury No
NS (reported in data form) No

standardized pathology scoring system to uniformly score
chronic changes in kidney biopsies [4]. It is derived from the sum
of the degree of glomerulosclerosis (score 0-3), interstitial fibro-
sis (score 0-3), tubular atrophy (score 0-3) and arteriosclerosis
(score 0-1), and is categorically classified into minimal (MCCS
0-1), mild (MCCS 2-4), moderate (MCCS 5-7) and severe (MCCS
8-10) chronic changes.

The number of glomeruli present in the biopsy sample for
light microscopy was reported in 1743 adult biopsies (84.9% of
total). Across all centers, the median number of glomeruli per
biopsy was 14 [interquartile range (IQR) 8-21]. In 70.3% of biop-
sies, at least 10 glomeruli were present, which is considered ad-
equate to reliably diagnose most glomerular diseases and MCCS
[4,8,9].

Final nephrological diagnosis

The final nephrological diagnosis was provided by the attend-
ing nephrologist after the biopsy result had become available.
This diagnosis resulted from the integration of clinical features,
biochemical parameters, histopathology and results from genet-
ics (if available). Nephrological diagnoses were coded according
to the ERA coding system for Primary Renal Disease [10]. These

coded diagnoses were pooled and categorized on two levels with
decreasing detail (Supplementary data, Table S1). At the first
level (ERA level 1), different classes or etiologies of the same kid-
ney disease were pooled together. At the second level (ERA level
2), six categories were defined according to the affected kidney
tissue compartment.

Data completeness

Every biopsy included in the analysis had received a final
nephrological diagnosis. Complete data on all clinical parame-
ters were present in 1985 of the 2054 adult biopsies (96.6%). Biop-
sies with missing clinical data were excluded from analysis of
clinical characteristics (overview of data completeness in Sup-
plementary data, Table S2).

Statistical analysis

Numerical variables were described using median and IQR, and
categorical variables by proportions. Incidence rates were calcu-
lated using the sum of case biopsies in 2017,2018 and 2019 in the
numerator and the person-year follow-up from 2017 until 2019
in the denominator, and reported as biopsies per million per-
sons per year (p.m.p./year). The association of sex, age, kidney
injury, proteinuria and final nephrological diagnosis with MCCS
was determined in univariate and multivariable analysis by us-
ing simple and multiple linear regression models, respectively.
Potential predictors were chosen based on clinical plausibility. A
linear mixed model with random effect for (nephro)pathologist
was used to evaluate the heterogeneity of MCCS scoring be-
tween all (nephro)pathologists (model outlined in Supplemen-
tary data, Statistical Methods). The 95% confidence intervals
(95% CIs) were calculated for the regression coefficients and P-
values <.05 were considered significant. GraphPad Prism version
9.1.1 for Mac OS (GraphPad Software, www.graphpad.com) and
R software version 4.0.4 (R Foundation for Statistical Computing,
Vienna, Austria, https://www.R-project.org/) were used for data
analysis.

RESULTS

Characteristics of patients with NS and nephrotic-range
proteinuria

Demographic, clinical and histopathological characteristics of
most frequently diagnosed kidney diseases in Flemish adults
are shown in Table 3. Nephrotic-range proteinuria was most of-
ten present in patients with membranous nephropathy (MN)
(83.2%), minimal change disease (MCD) (77.7%), amyloidosis
(72.1%) and focal segmental glomerulosclerosis (FSGS) (53.9%).
Median serum albumin was <30 g/L in patients with MCD
[23.6 g/L (IQR 19.0-34.4)], amyloidosis [25.0 g/L (IQR 20.3-30.0)]
and MN [28.0 g/L (IQR 23.0-32.0)], and these patients also most
often presented with NS (60.6%, 64.7% and 57.3% respectively).
NS was present in 378 out of 1992 adult patients with avail-
able data (19.0%). The incidence rate of adult nephrotic pa-
tients undergoing kidney biopsy was 23.8 p.m.p./year. Over-
all, the top five most frequently diagnosed kidney diseases in
nephrotic adults included MN (16.7%), followed by MCD (15.1%),
FSGS (14.3%), amyloidosis (11.6%) and diabetic kidney disease
(DKD) (8.5%) (Table 4). MCD was the most important etiology
of NS in the age category of 18-44 years, while MN was most
frequent in the category of 45-74 years and amyloidosis in
the elderly (>74 years, Table 4). MN and immunoglobulin A
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Table 4: Final nephrological diagnoses in patients with NS according to age category.

Overall 18-44 years 45-64 years 65-74 years >74 years
Diagnosis (N =378) (N = 81) (N =119) (N =90) (N = 88)
MN 3(16.7) 11 (13.6) 23 (19.3) 8 (20.0) 11 (12.5)
MCD 57 (15.1) 26 (32.1) 14 (11.8) 10 (11.1) 7 (8.0)
FSGS 4 (14.3) 10 (12.4) 18 (15.1) 2(13.3) 14 (15.9)
AMY 44 (11.6) 1(1.2) 9 (7.6) 4 (15.6) 20 (22.7)
DKD 32 (8.5) 7 (8.6) 14 (11.8) 9 (10.0) 2(2.3)
IgAN 24 (6.3) 5(6.2) 10 (8.4) 4 (4.4) 5(5.7)
LN 20 (5.3) 8(9.9) 9(7.6) 2(2.2) 1(1.1)
GP, NOS 17 (4.5) 3(3.7) 6 (5.0) 5(5.6) 3(3.4)
TIN 11 (2.9) 3(3.7) 2(1.7) 4 (4.4) 2(2.3)
AAV 8(2.1) 1(1.2) 2(1.7) 3(3.3) 2(2.3)
Others 48 (12.7) 6 (7.4) 12 (10.1) 9 (10.0) 21 (23.9)
Total 378 (100.0) 81 (100.0) 119 (100.0) 90 (100.0) 88 (100.0)
Data are presented as n (%).
Final nephrological diagnoses are shown at ERA classification level 1.
AAV: ANCA-associated vasculitis and pauci-immune glomerulonephritis; AMY: amyloidosis; GP, NOS: glomerulopathy, not otherwise specified.
A Male patients with nephrotic syndrome (N = 230)
40+ 18-44 years 40 45.64 years 40 65-74 years 40 > 74 years
31.3% 48 biopsies 73 biopsies 59 biopsies 50 biopsies
30 30 304 27.1% 30

20

13.7% 13.7%

12.3%

% of biopsies
N
o
L

-
o
1

, 10

0-

8.2% 10—

20

20

1.9% 11.9% .
102% 8.5% 10

MCD MN FSGS DKD TIN MN IgAN FSGS DKD MCD MN FSGS MCD DKD AMY AMY FSGS MN IgAN MCD
B Female patients with nephrotic syndrome (N = 148)
40 18-44 years 40 45-64 years 40 65-74 years 40 > 74 years
33.3% 33 biopsies 46 biopsies 31 biopsies 38 biopsies
w 30- 30 30 290% 30
°
3 21.1%
._g 20 20 17.4% 17.4% 20
“6 13.0% 13.0% 1 13.2% 13.2%
B 10 9.1% 9.1% 9. 104 9.7% 9.7%

MCD LN MN FSGS IgAN

MCD FSGS AMY LN DKD

AMY FSGS DKD MCD MN

AMY MCD MN FSGS DKD

Figure 2: Most frequent diagnoses in patients with NS according to age and sex category. The top five most frequent nephrological diagnoses (ERA level 1) are shown per
age category in adult nephrotic males [(A), N = 230] and adult nephrotic females [(B), N = 148]. Disease proportions (%) were calculated in every age category separately.

AMY: amyloidosis.

nephropathy (IgAN) were more prevalent in adult nephrotic
males, while MCD, amyloidosis and lupus nephritis (LN) were
more frequent in nephrotic females (Fig. 2, Supplementary data,
Tables S3 and S4). The median age of male and female nephrotic
patients was similar (62.9 versus 62.4 years, respectively). No-
tably, amyloidosis appeared to occur more often in younger
nephrotic females versus nephrotic males (Fig. 2).

Isolated nephrotic-range proteinuria was present in 97 out
of 1989 adult patients with available data (4.9%; Supplementary
data, Table S5). In this group, FSGS and DKD were most prevalent

(26.8% and 25.8%, respectively), while less frequent diagnoses in-
cluded nephrosclerosis, MN and IgAN.

Characteristics of patients with nephritic syndrome
and isolated hematuria

Nephritic syndrome was present in 421 out of 2026 adult patients
with available data (20.8%). The incidence rate of adult nephritic
patients undergoing kidney biopsy was 26.5 p.m.p./year. Over-
all, IgAN was the most frequent nephrological diagnosis (24.5%
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Table 5: Final nephrological diagnoses in patients with nephritic syndrome according to age category.

Overall 18-44 years 45-64 years 65-74 years >74 years
Diagnosis (N = 421) (N = 84) (N = 163) (N =93) (N =81)
IgAN 103 (24.5) 31 (36.9) 48 (29.4) 15 (16.1) 9 (11.1)
AAV 74 (17.6) 2(2.4) 30 (18.4) 29 (31.2) 13 (16.1)
FSGS 34 (8.1) 11 (13.1) 13 (8.0) 5(5.4) 5(6.2)
TIN 29 (6.9) 8(9.5) 8 (4.9) 8 (8.6) 5(6.2)
AKI/CKD, NOS 26 (6.2) 4(4.8) 7 (4.3) 5 (5.4) 10 (12.4)
DKD 21 (5.0) 2 (2.4) 12 (7.4) 4 (4.3) 3(3.7)
GP,NOS 16 (3.8) 4(4.8) 3(1.8) 2(22) 7 (8.6)
LN 15 (3.6) 6(7.1) 3(1.8) 4 (4.3) 2(2.5)
NScl 15 (3.6) 0(0.0) 9 (5.5) 3(3.2) 3(37)
TMA 13 (3.1) 7(8.3) 5(3.1) 1(1.1) 0(0.0)
MN 10 (2.4) 1(1.2) 4(2.5) 4(4.3) 1(1.2)
Vasc 9(2.1) 1(1.2) 1(0.6) 2(2.2) 5(6.2)
Anti-GBM 7 (1.7) 3(3.6) 2(1.2) 0 (0.0) 2(2.5)
AMY 6 (1.4) 0(0.0) 1(0.6) 3(3.2) 2(2.5)
ATN 6 (1.4) 0(0.0) 1(0.6) 1(1.1) 4(4.9)
IgAV 6 (1.4) 2(2.4) 3(1.8) 1(1.1) 0(0.0)
Others 31(7.4) 2(2.4) 13 (8.0) 6 (6.5) 10 (12.3)
Total 421 (100.0) 84 (100.0) 163 (100.0) 93 (100.0) 81 (100.0)

Data are presented as n (%).
Final nephrological diagnoses are shown at ERA classification level 1.

AAV: ANCA-associated vasculitis and pauci-immune glomerulonephritis; AKI/CKD, NOS: non-specific diagnoses of AKI or CKD; AMY: amyloidosis; anti-GBM: anti-
glomerular basement membrane nephritis; ATN: acute tubular necrosis; GP, NOS: glomerulopathy, not otherwise specified; NScl: nephrosclerosis; Vasc: ANCA-negative

systemic vasculitis excluding IgA vasculitis.

of total nephritic adults), especially in younger patients (18-64
years), while ANCA-associated vasculitis (AAV) was the most
prevalent cause in patients aged >64 years (Table 5). The most
frequent underlying etiologies in male and female nephritic pa-
tients were similar, although IgAN and AAV together covered
approximately half of all male adult nephritic biopsies (47.6%),
while this was only about one-third in female adult nephritic
patients (30.6%), in which diagnoses were more various (Fig. 3,
Supplementary data, Tables S6 and S7).

Isolated hematuria was present in 82 out of 2026 adult pa-
tients with available data (4.0%; Supplementary data, Table S8).
The most frequent nephrological diagnoses were IgAN (34.1%),
LN (14.6%), AAV (12.2%), Alport/thin basement membrane dis-
ease (9.8%) and IgA vasculitis (IgAV) (4.9%).

Etiology of glomerular disease with crescentic pattern
of injury

A total of 278 biopsies (13.5% of total) showed a crescentic
glomerular injury pattern on kidney biopsy. In these biopsies, the
most frequent final nephrological diagnoses were AAV, IgAN, LN,
IgAV, ANCA-negative systemic vasculitis and anti-glomerular
basement membrane (GBM) nephritis (Fig. 4). AAV showed the
highest proportion of biopsies with a crescentic pattern of injury
(77.0%), followed by ANCA-negative systemic vasculitis (72.7%),
anti-GBM nephritis (60.0%), IgAV (32.3%), LN (27.6%) and IgAN
(22.5%).

Disease chronicity in kidney biopsies graded by the
MCCS

From January 2018 until December 2019, the MCCS was avail-
able for 898 biopsies (92.7% of biopsies with >10 glomeruli;
Fig. 5A). The effect of (nephro)pathologist on the MCCS was
evaluated with a linear mixed-effect model and showed no evi-

dence that differences between scores could be attributed to the
(nephro)pathologist (Supplementary data, Statistical Methods).
Biopsies with a diagnosis of MCD and LN showed mostly mini-
mal to mild disease chronicity (Fig. 5B). Biopsies with MN, tubu-
lointerstitial nephritis (TIN), AAV and IgAN showed an increas-
ing proportion of moderate to severe chronic changes (18.0%,
23.0%, 34.2% and 36.8%, respectively). In FSGS, nephrosclero-
sis and DKD, the proportion of biopsies with moderate to se-
vere chronic changes exceeded 50% (54.3%, 69.4% and 78.6%,
respectively). The MCCS appeared to be higher in biopsies from
older patients, patients with chronic kidney disease (CKD) and
nephrotic-range proteinuria (Fig. 5D-F).

Clinical characteristics associated with higher MCCS

The association between MCCS and sex, age, kidney injury, pro-
teinuria and final nephrological diagnosis was determined us-
ing univariate and multivariable analyses (Table 6, Supplemen-
tary data, Tables S9 and S10). Male sex was associated with sig-
nificantly higher MCCS in univariate analysis (MCCS increase
of 0.438, 95% CI 0.034, 0.842, P = .033), but not in multivari-
able analysis (Table 6). Increasing patient age was associated
with significantly higher MCCS, although estimates were rather
small (MCCS increase of 0.507 (univariate, 95% CI 0.396, 0.618,
P < .001) and 0.261 (multivariable, 95% CI 0.152, 0.371, P < .001
per decade]. When compared with patients with normal kid-
ney function, both acute kidney injury (AKI) and CKD were as-
sociated with large MCCS increases in univariate and multi-
variable analyses (Table 6). CKD was associated with an MCCS
increase of 3.704 (univariate, 95% CI 3.210, 4.199, P < .001)
and 2.585 (multivariable, 95% CI 2.070, 3.100, P < .001). When
compared with patients with proteinuria <1.0 g/g (UPCR) or
g/24 h, only nephrotic-range proteinuria was significantly asso-
ciated with higher MCCS [MCCS increase of 0.759 (univariate,
95% CI 0.294, 1.225, P = .001) and 0.997 (multivariable, 95% CI
0.536, 1.459, P < .001]. When compared with IgAN, diagnoses of
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A Male patients with nephritic syndrome (N = 284)
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Figure 3: Most frequent diagnoses in patients with nephritic syndrome according to age and sex category. The top five most frequent nephrological diagnoses (ERA
level 1) are shown per age category in adult nephritic males [(A), N = 284] and adult nephritic females [(B), N = 137]. Disease proportions (%) were calculated in every
age category separately. The non-specific nephrological diagnosis ‘AKI/CKD, NOS’ was omitted from the figure, and can be found in Supplementary data, Tables S6 and
S7. AAV: ANCA-associated vasculitis and pauci-immune glomerulonephritis; ATN: acute tubular necrosis; A-GBM: anti-glomerular basement membrane nephritis; GP:
glomerulopathy, not otherwise specified; NScl: nephrosclerosis; TMA: thrombotic microangiopathy; Vasc: ANCA-negative systemic vasculitis excluding IgA vasculitis.
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Figure 4: Etiologies most frequently associated with a crescentic pattern of kid-
ney injury. The top six nephrological diagnoses (ERA level 1) of biopsies with
a crescentic pattern of kidney injury are shown. The bar chart shows the ab-
solute number of biopsies with crescents (blue bar), biopsies without crescents
(grey bar) and total number of biopsies per disease (annotation above bar). The
table shows the absolute number and proportion (%) of biopsies with a cres-
centic pattern of injury. AAV: ANCA-associated vasculitis and pauci-immune
glomerulonephritis; A-GBM: anti-glomerular basement membrane nephritis;
Vasc: ANCA-negative systemic vasculitis excluding IgA vasculitis.

nephrosclerosis, DKD, crystal/cylinder deposition (i.e. hyperox-
aluria/hypercalcemic nephropathy) and congenital/hereditary
syndromes (i.e. Fabry disease and tuberous sclerosis) were

associated with significantly higher MCCS in multivariable
analysis (Table 6). Diagnoses of TIN, LN, medication-induced
nephropathy (i.e. non-specific nephrotoxicity and nephropathy
due to analgesic drugs, lithium or tacrolimus), MN, IgAV, MCD,
infection-related immune-complex glomerulonephritis and NS
without a definite histopathological diagnosis were associated
with significantly lower MCCS (Table 6). The number of biopsies
with diagnoses of congenital/hereditary syndromes (N = 2) and
NS without a definite histopathological diagnosis (N = 4) were
very low, warranting caution in the interpretation of their sig-
nificant estimates in the model.

DISCUSSION

In this study, we present the clinicopathological features of all
native kidney biopsies performed in the Flemish adult popula-
tion from 2017 until 2019. The etiology of NS differed across age
and sex categories, with MN being the overall most prevalent
underlying diagnosis. Etiologies of nephritic syndrome mostly
varied across age categories, with IgAN being most frequent in
younger and AAV in older patients. In patients with a crescentic
glomerular injury pattern on kidney biopsy, AAV was the most
frequent underlying cause. Finally, chronic damage on kidney
biopsies, summarized by the MCCS, most importantly differed
with kidney function and underlying diagnosis.

In Flanders, NS was present in 19.0% of biopsied patients and
the overall biopsy rate was high (129.3 biopsies p.m.p./year).?
Previously published European registries with a lower overall
biopsy rate generally reported higher proportions of nephrotic
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Figure 5: MCCS in adult biopsies. Chronicity grade (MCCS) in adult biopsies in Flanders (2018-19, >10 glomeruli), ‘total’ refers to the absolute number of biopsies in the
subgroups: (A) overall chronicity (N = 898); (B) chronicity according to most frequently diagnosed kidney diseases (ERA level 1 shown, N = 670); (C) chronicity according
to sex category (N = 898); (D) chronicity according to age category (N = 898); (E) chronicity according to kidney injury (N = 897; one biopsy with no data on kidney
function excluded); (F) chronicity according to proteinuria, UPCR (g/g) or 24 h collection (g/24 h) (N = 891, seven biopsies with no data on proteinuria excluded). AAV:
ANCA-associated vasculitis and pauci-immune glomerulonephritis; AMY: amyloidosis; NScl: nephrosclerosis.

patients. In registries from Italy [11] and Spain [12-14] (<50 biop-
sies p.m.p./year), NS was present in 27.1% and 35.0%, respec-
tively, while studies from Serbia [15, 16] and Romania [17] (<15
biopsies p.m.p./year) observed even higher proportions (48.4%-
53.6%). In contrast, a Scottish registry with an equally high
overall biopsy rate when compared with Flanders, reported a
similar biopsy rate in nephrotic patients (18.3-27.4 versus 23.8
p.m.p./year in Flanders) [18]. This suggests that registries with
low overall biopsy rates mainly include biopsies from patients
with severe nephrological symptoms, such as NS. In Flanders,
the threshold for kidney biopsy in patients with less severe
symptoms may be lower, explaining the high overall biopsy rate
with lower proportion of nephrotic patients.

MN was the overall most frequent etiology in nephrotic
adults, followed by MCD and FSGS. This corresponds with most
previous European studies, in which MN was also the most
frequent cause of NS or nephrotic-range proteinuria (in Spain
[13], Italy [11], Serbia [15, 16] and Poland [19]). In contrast, I[gAN
was most important in adults with nephrotic-range protein-
uria in Czech Republic [20] and membranoproliferative glomeru-
lonephritis in nephrotic adults in Romania [17]. In our study,
MCD was most frequent in the youngest adult nephrotic pop-
ulation (18-44 years), while MN was most prevalent in older pa-
tients (45-74 years) and amyloidosis in the nephrotic elderly
(>75 years). Previous studies that specifically analyzed elderly

nephrotic patients (>60 years) also found a predominance of MN
and amyloidosis in this age category [13, 19].

The proportion of adult patients with nephritic syndrome
(20.8%) in our study was considerably higher than most Euro-
pean studies [12, 13, 15, 16, 19] (3.9%-13.8% in adults), although
percentages were also high in the Czech Republic [20] (22.3%—
33.9%) and Romania [17] (21.9%). The high proportion in Flanders
is likely explained by our less specific definition of nephritic syn-
drome, which does not incorporate presence of arterial hyper-
tension, oliguria or edema. The etiology of nephritic syndrome
in Flanders resembles data from most European registries, with
IgAN being the most important cause in younger adults and AAV
in older adults [11, 13, 19, 20]. Both etiologies were also the most
frequent underlying kidney diseases in biopsies with a crescen-
tic pattern of injury. Although IgAN has a relatively lower risk
of presenting with crescents on kidney biopsy, its overall high
frequency in the registry explains why it is the second most fre-
quently diagnosed kidney disease when crescents are identified
on kidney biopsy.

Regardless of the underlying kidney disease, disease chronic-
ity on native kidney biopsy predicts renal outcomes and may
have treatment implications [3, 4]. As an alternative to disease-
specific chronicity scores [5-7], the MCCS was proposed as
a standardized pathology scoring system to address chronic
changes in native kidney biopsies in a more uniform way, regard-
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Table 6: Simple and multiple linear regression analysis of clinical characteristics and MCCS.

Univariate Multivariable
Variables B 95% CI P-value B 95% CI P-value
Sex category

Female (reference)

Male 0.438 0.034, 0.842 .033 0.078 —0.265, 0.420 .657
Age (decades) 0.507 0.396, 0.618 <.001 0.261 0.152, 0.371 <.001
Kidney injury

No kidney injury (reference)

AKI 2.153 1.713, 2.593 <.001 1.640 1.156, 2.124 <.001

CKD 3.704 3.210, 4.199 <.001 2.585 2.070, 3.100 <.001
Proteinuria (g/g or g/24 h)

<1.0 (reference)

>1.0 and <3.5 0.255 —0.236, 0.747 .308 0.411 —0.018, 0.840 .061

>3.5 0.759 0.294, 1.225 .001 0.997 0.536, 1.459 <.001
Final nephrological diagnosis (ERA level 1)?

IgAN (reference)

Congenital/hereditary syndromes® 2.978 —0.754,6.710 118 3.910 0.493, 7.326 .025

Crystal/cylinder deposition® 2.478 0.675, 4.281 .007 2.192 0.531, 3.853 .010

DKD 2.942 2.167,3.716 <.001 1.699 0.962, 2.436 <.001

FSGS 1.250 0.542, 1.957 .001 0.599 —0.072,1.269 .080

IgAV —1.522 —3.164, 0.120 .069 -1.727 —3.232, -0.222 .025

Infection-related immune-complex GN —1.522 —3.164, 0.120 .069 -2.074 —3.589, —0.558 .007

LN —2.045 —2.953,-1.136 <.001 —1.348 —2.202, —-0.495 .002

MCD —2.449 —3.382, -1.515 <.001 —2.015 —2.921, -1.110 <.001

Medication-induced nephropathy? —1.165 —2.635, 0.306 120 -1.523 —2.883, -0.162 .028

MN —-1.102 —1.969, —0.236 .013 —1.560 —2.406, -0.714 <.001

Nephrosclerosis 2.539 1.666, 3.412 <.001 1.547 0.722,2.372 <.001

NS, no histology —2.022 —4.680, 0.636 136 —3.095 —5.540, —0.650 .013

TIN —0.855 —1.582, -0.128 .021 —1.205 —1.916, —0.495 .001

B indicates change in estimated MCCS when category is compared with the reference category (for age variable, g indicates MCCS increase with one decade). In
multivariable analysis, all other variables in the model remain constant. P-values <.05 are considered significant (bold). Multivariable analysis included 890 biopsies

(8 out of 898 biopsies excluded because of missing proteinuria or kidney injury data).

20nly diagnoses with a significant result for g shown (all diagnoses shown in Supplementary data, Table S9).

bIncludes Fabry disease and tuberous sclerosis.
¢Includes enteric hyperoxaluria and hypercalcemic nephropathy.

dIncludes non-specific nephrotoxicity and nephropathy due to analgesic drugs, lithium or tacrolimus.

less of the underlying diagnosis. The prognostic value of MCCS
was validated in a large cohort of various native kidney diseases
[3] and has shown to predict outcomes in individual cohorts of
patients with C3 glomerulopathy (C3GP) [21, 22], AAV [23], MN
[24], FSGS [25] and MCD [26]. Due to its prognostic value, the
MCCS was implemented in the FCGG registry from 2018 across
all pathology centers. The MCCS was scored in 92.7% of biopsies
with >10 glomeruli and we found no evidence that the MCCS
values might be confounded by the scoring (nephro)pathologist.
This proves that it is feasible to implement this robust score in
a multi-center clinical and research setting.

Male sex was significantly associated with higher MCCS in
univariate, but not multivariable analysis. This is likely ex-
plained by the fact that patients with FSGS, diabetic kidney
disease and nephrosclerosis (i.e. diagnoses with high degrees
of chronicity) were predominantly males (65%, 68% and 71%,
respectively) [2]. Older age appeared to be associated with a
higher degree of chronicity, but after correction for potential
confounders in multivariable analysis, chronicity only increased
slightly with older age (approximately 1 MCCS point increase per
40 years). Proteinuria may reflect both disease activity and/or
chronicity, likely explaining the relatively small estimates ob-
served in our model. As expected, CKD was associated with a
large MCCS increase, although AKI was also associated with an
important increase in chronic damage. Diagnoses of nephroscle-

rosis and DKD were associated with a significant increase in
MCCS, as well as a diagnosis of oxalate nephropathy or hyper-
calcemic nephropathy. Although the estimate for this last group
should be interpreted with caution due to small sample size
(N =9), its high chronicity corresponds with previous studies
that have demonstrated that a high proportion of patients with
oxalate nephropathy progress to kidney failure [27]. Chronicity
of IgAV was significantly lower when compared with IgAN in
multivariable analysis, which is in line with previous studies [28,
29].

Following the broader application of the MCCS in recent
studies, additional research questions arise. Studies in AAV and
C3GP have identified an MCCS value of >4 as an ideal cut-
off for the risk of progression to kidney failure: hazard ratios
for progression to kidney failure in patients with an MCCS
value of >4 versus <4 ranged from 3.3 to 5.2 depending on the
statistical model and follow-up period [22, 23]. However, it is
still uncertain whether such a predictive cut-off value is sim-
ilar in other kidney diseases. Moreover, the value of MCCS in
predicting therapy response and its potential to tailor treat-
ment should be further established. It also remains question-
able whether the MCCS should be applied to biopsies with <10
glomeruli, since these biopsies are generally less representa-
tive and the predictive value of MCCS in these cases may be
inaccurate.
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Our study has several strengths. The FCGG registry provides
data on a Western European population of 5.3 million adults
and has implemented a standardized pathology reporting pro-
tocol incorporating the pattern of glomerular injury and disease
chronicity, according to recent guidelines [30, 31]. We not only
showed that it is feasible to use the MCCS in a large multi-center
registry, but also generated highly useful population data that
can be correlated with long-term follow-up outcome studies for
further validation. Our study is mainly limited by the fact that
biopsy indications were not collected at the moment of biopsy
and therefore only retrospectively defined, likely causing our
definition of nephritic syndrome to be less specific. In conclu-
sion, the FCGG registry validates data from previous Western Eu-
ropean registries and provides a snapshot of disease chronicity
in the whole biopsied Flemish population.

SUPPLEMENTARY DATA

Supplementary data are available at ckj online.
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APPENDIX I. ‘FCGG REFERENCE
NEPHROLOGISTS’ AND COLLABORATING
PATHOLOGISTS OF PARTICIPATING CENTERS

Reference nephrologist

Center

An De Vriese

Anja De Rycke
Anne-Marie Bogaert
Annemie Woestenburg
Bart Denys

Bart Maes
Domien Peeters

Hilde Vanbelleghem
Jan Donck

Johan Scharpé, Nele De
Clippeleir

Ann Colson

Karen Meyvis

Kurt Vandepitte
Liza-Maria Reyns
Jacques Peeters

Marc Decupere
Mark Helbert
Miranda Zeegers
Nathalie Neirynck
Pascale Bernaert
Tom Dejagere
Wim Lemahieu
Ben Sprangers

Lissa Pipeleers

Rachel Hellemans

Steven Van Laecke

Noél Knops, Elena Levtchenko
Johan Vande Walle, Sevasti
Karamaria

Koen Van Hoeck, Dominique
Trouet

Reiner Mauel

Pathologist
Amélie Dendooven

Anne Hoorens, Jo Van Dorpe,
Marleen Praet
Caroline Geers

AZ Sint-Jan, Brugge

AZ Sint-Blasius, Dendermonde
AZ Glorieux, Ronse

AZ Voorkempen, Malle
Onze-Lieve-Vrouwziekenhuis,
Aalst

AZ Delta, Roeselaere
Sint-Trudo Ziekenhuis,
Sint-Truiden

Jan Yperman ziekenhuis, Ypres
AZ Sint-Lucas, Ghent

GZA, Antwerp

Kliniek Sint-Jan, Brussels

AZ Monica, Antwerp
Heilig-Hartziekenhuis, Lier
AZ Sint-Lucas, Brugge
Ziekenhuis Oost-Limburg,
Genk

AZ Groeninge, Kortrijk

ZNA, Antwerp

AZ Turnhout, Turnhout
VITAZ, Sint-Niklaas

AZ Maria Middelares, Ghent
Jessa Ziekenhuis, Hasselt
Imeldaziekenhuis, Bonheiden
University Hospitals Leuven,
Leuven

University Hospital Brussels,
Brussels

Antwerp University Hospital,
Antwerp

Ghent University Hospital,
Ghent

Pediatric Nephrology
Department, University
Hospitals Leuven, Leuven
Pediatric Nephrology
Department, Ghent University
Hospital, Ghent

Pediatric Nephrology
Department, Antwerp
University Hospital, Antwerp
Pediatric Nephrology
Department, University
Hospital Brussels, Brussels
Center

Antwerp University Hospital,
Antwerp

Ghent University Hospital,
Ghent

Ghent University Hospital,
Ghent

University Hospital Brussels,
Brussels
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Reference nephrologist

Center

Evelyne Lerut, Priyanka Koshy,
Tania Roskams
Selda Aydin

Vasiliki Siozopoulou

Anne-Marie Schelfhout,

University Hospitals Leuven,
Leuven

Cliniques Universitaires
Saint-Luc, Brussels

Antwerp University Hospital,
Antwerp
Onze-Lieve-Vrouwziekenhuis,

Hendrik De Raeve Aalst

Edwin Steenkiste, Francesca
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