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REGISTRY
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ABSTRACT

Background. Primary glomerular disease (PGD) is a major cause of end-stage kidney disease (ESKD) leading to kidney replacement
therapy (KRT). We aimed to describe incidence (trends) in individuals starting KRT for ESKD due to PGD and to examine their survival
and causes of death.

Methods. We used data from the European Renal Association (ERA) Registry on 69 854 patients who started KRT for ESKD due to
PGD between 2000 and 2019. ERA primary renal disease codes were used to define six PGD subgroups. We examined age and sex
standardized incidence, trend of the incidence and survival.

Results. The standardized incidence of KRT for ESKD due to PGD was 16.6 per million population (pmp), ranging from 8.6 pmp in
Serbia to 20.0 pmp in France. Immunoglobulin A nephropathy (IgAN) and focal segmental glomerulosclerosis (FSGS) had the highest
incidences, of 4.6 pmp and 2.6 pmp, respectively. Histologically non-examined PGDs represented over 50% of cases in Serbia, Bosnia
and Herzegovina, and Romania and were also common in Greece, Estonia, Belgium and Sweden. The incidence declined from 18.6 pmp
in 2000 to 14.5 pmp in 2013, after which it stabilized. All PGD subgroups had 5-year survival probabilities above 50%, with crescentic
glomerulonephritis having the highest risk of death [adjusted hazard ratio 1.8 (95% confidence interval 1.6-1.9)] compared with IgAN.
Cardiovascular disease was the most common cause of death (33.9%).

Conclusion. The incidence of KRT for ESKD due to PGD showed large differences between countries and was highest and increasing
for IgAN and FSGS. Lack of kidney biopsy facilities in some countries may have affected accurate assignment of the cause of ESKD. The
recognition of the incidence and outcomes of KRT among different PGD subgroups may contribute to a more individualized patient
care approach.

Keywords: dialysis, epidemiology, kidney replacement therapy, outcome, primary glomerular disease

GRAPHICAL ABSTRACT

Incidence and outcomes of kidney replacement therapy
for end-stage kidney disease due to primary glomerular

disease in Europe: findings from the ERA Registry

NEPHROLOGY DIALYSIS.

Focus of study was the incidence and Results
outcome after initiation of kidney
replacement therapy (KRT) for PGD-related KRT

patients with primary glomerular
disease (PGD) in Europe
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@NDTSocial IgAN and FSGS but there was significant variation across different countries.

The incidence of KRT for PGD-induced ESKD was highest and increasing for
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KEY LEARNING POINTS

What was known:

therapy (KRT).

primary renal disease and their outcome after KRT.
This study adds:

Potential impact:

e Primary glomerular disease (PGD) is a major cause of end-stage kidney disease (ESKD) in people initiating kidney replacement

¢ So far, most studies on the epidemiology of people receiving KRT for PGD have combined the different PGD subgroups into one
‘overall’ PGD group, and only few epidemiological studies focused on different PGD subgroups.
e We therefore aimed to examine the number of patients commencing KRT with PGD (overall and for different subgroups) as

e We found significant variations in the standardized incidence of KRT for PGD across different countries, with the highest inci-
dence observed for immunoglobulin A nephropathy (IgAN) and FSGS.

e The percentage of histologically not examined PGD was high in several Eastern and Western European countries.

e The mortality risk was highest for crescentic GN and lowest for IgAN.

¢ Understanding the burden and prognosis of individuals receiving KRT for specific PGD subgroups could help in facilitating the
development of personalized and equitable patient care approaches.

INTRODUCTION

Primary glomerular disease (PGD) is among the leading causes of
end-stage kidney disease (ESKD) in people initiating kidney re-
placement therapy (KRT). As shown in 2020 by large-scale renal
registries, the incidence of KRT due to PGD per million population
(pmp) was 19.0 pmp in Europe [1], 21.3 pmp in Canada [2] and
25.8 pmp in the USA [3].

PGD refers to several individual disorders, affecting and
initially confined to glomeruli. The Kidney Disease: Improv-
ing Global Outcomes (KDIGO) guidelines [4] classify PGD
based on clinical, histopathological features on kidney biopsy,
and immunological characteristics into immunoglobulin A
nephropathy (IgAN), membranous nephropathy (MN), mini-
mal change disease (MCD), focal segmental glomerulosclerosis
(FSGS), immunoglobulin- and complement-mediated glomeru-
lar disease with a membranoproliferative glomerulonephri-
tis (MPGN) pattern of injury, and anti-glomerular basement
membrane (anti-GBM) antibody glomerulonephritis (GN), which
typically manifests as rapidly progressive GN, characterized
by a histological pattern of crescentic GN. Additionally, an-
tineutrophil cytoplasmic antibody (ANCA)-associated vasculitis
may present clinically and histologically as a pauci-immune
crescentic GN.

Several studies have addressed the incidence, trends and
outcomes among patients receiving KRT for ESKD secondary
to the ‘overall’ PGD group [2, 3, 5-10]. However, few stud-
ies have investigated either the (trends in) incidence [11-13]
or outcomes [14-18] of KRT among different PGD subgroups,
and none of them compared the incidence and prognosis of
KRT for ESKD across all PGD subgroups in multiple European
countries. Studying the incidence and outcomes of KRT due
to kidney failure for various PGD subgroups helps in under-
standing their prognosis, which could contribute to the devel-
opment of a more individualized and equitable patient care
approach.

The aim of this study was therefore to examine the (trends
in) incidence of patients starting KRT for ESKD due to PGD
between 2000 and 2019 and their survival and causes of
death, for PGD groups combined and for the different PGD
subgroups.

MATERIALS AND METHODS
Data collection

For this study, we used data from the following 32 renal registries
providing individual patient data for 3 years or more between 2000
and 2019 on patients starting KRT to the ERA Registry: Austria,
Dutch- and French-speaking Belgium, Bosnia and Herzegovina,
Denmark, Estonia, Finland, France, Greece, Iceland, the Nether-
lands, Norway, Romania, Serbia, Sweden, Switzerland, the Spanish
regions of Andalusia, Aragon, Asturias, Basque country, Catalo-
nia, Cantabria, Castile-La Mancha, Castile and Leén, Extremadura,
Galicia, Madrid, Murcia, Navarre, Valencian region, the UK (Eng-
land, Wales and Northern Ireland) and the UK (Scotland).

For the analysis on the trends in incidence over time, we in-
cluded data from the national and regional renal registries that
provided data for the entire study period from 2000 to 2019 with
the general population coverage of 100% or almost 100%: Austria,
Dutch- and French-speaking Belgium, Denmark, Finland, Greece,
Iceland, the Netherlands, Norway, Serbia, Scotland, Sweden, the
Spanish regions of Andalusia, Asturias, Basque country, Catalo-
nia, Cantabria, Castile-La Mancha, Valencian region.

Definitions
Primary glomerular disease subgroups

Supplementary data, Table S1 presents the definition for the six
PGD subgroups used in this study. For the main analysis, PGD was
categorized into [old ERA primary renal disease (PRD) codes in
brackets]: IgAN (‘12), MPGN [type I (‘13’) and type II (‘14’)], MN
('15"), FSGS [among adults (‘17’) and among children (‘11)], cres-
centic GN (‘16’) and other PGD [histologically examined ('19’) and
histologically not examined (‘10)] [19].

As a sensitivity analysis, we included three additional ERA PRD
codes, referring to Henoch-Schonlein purpura ('85’), anti-GBM dis-
ease formally known as Goodpasture syndrome (‘86’) and granu-
lomatosis with polyangiitis formally known as Wegener’s granu-
lomatosis (‘74"). The kidney involvement in these diseases is in-
distinguishable from PGD and will be explained in more detail in
the supplement (see footnotes to Supplementary data, Table S2).

We performed a second sensitivity analysis to calculate the in-
cidence pmp based on the revised ERA PRD code from 2012 [20],
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which provides detailed information on the classification of his-
tologically examined and histologically not examined subgroups
compared with the old ERA PRD codes. This analysis was done
for countries providing revised ERA PRD codes for the 2015-19 pe-
riod (Austria, Bosnia and Herzegovina, Belgium, Denmark, Spain,
Finland, Norway, Sweden and the UK (England, Wales, Northern
Ireland and Scotland).

Causes of death

The causes of death were classified using the ERA coding system
and grouped into the following categories: cardiovascular diseases
(myocardial ischaemia and infarction, heart failure, cardiac ar-
rest, other cause/unknown, cerebrovascular accident), infection,
suicide/refusal of treatment, treatment withdrawal, cachexia,
malignancies, miscellaneous and unknown/unavailable [19].

Statistical analysis

Results are expressed as median and interquartile range (IQR)
for continuous variables and as percentage for categorical data.
Comparisons between PGD subgroups were made using Mann-
Whitney test (continuous variables) and chi-squared tests (cate-
gorical variables). Two tailed test with P < .05 was considered sta-
tistically significant.

Incidence

The crude incidence pmp was calculated by dividing the number
of patients starting KRT (any form of dialysis or pre-emptive kid-
ney transplantation) by the mid-year general population of the
country or region, multiplied by 1 million. The standardized in-
cidence was calculated using the age and sex distribution of the
EU28 of 2015 as a reference [21]. In case of analysis by age group
or sex, the number of patients commencing KRT was divided by
the mid-year general population of that age or sex group. The inci-
dence of KRT was studied for all participating countries combined
with respect to total PGD and by PGD subgroup, and stratified by
the age of patients at the onset of KRT, sex and country.

Time trends

Joinpoint regression analysis was used to determine the annual
percentage change (APC) and 95% confidence interval (CI) of time
trends in the age and sex standardized incidence of KRT for ESKD,
both for total PGD and by PGD subgroup, with the observed in-
cidence pmp for all participating countries combined as the out-
come and the initiation year of KRT as the explanatory variable.
The analysis was performed using Poisson regression as provided
by the Joinpoint Regression Program (National Cancer Institute;
version 4.2.0.2). Detailed information about this method can be
found elsewhere [22].

Patient survival

Survival probabilities were analysed for 1, 2 and 5 years for peo-
ple initiating KRT for PGD (total and by subgroup). To allow all pa-
tients to complete the follow-up period of 5 years, for the survival
analysis only patients who started KRT between 2000 and 2014
were included. The first day of KRT was defined as the starting
point and patient death was the event studied. Follow-up time was
censored at recovery from KRT (defined as interruption of KRT for
more than 30 days), loss to follow-up and after 5 years of follow-
up. Switzerland, Serbia and Romania were excluded from the sur-
vival analyses as they did not provide data before 2014 to allow
for the 5-year follow-up period.

Crude survival probabilities were calculated using the Kaplan—
Meier method. Adjusted survival probabilities and hazard ratios
(HRs) were computed using Cox regression analysis, adjusted for
age, sex, time period and country. All crude and adjusted survival
probabilities and HRs are reported with 95% CI.

Causes of death were examined for both total PGD and for the
PGD subgroups. This analysis included all countries and regions
except for France and the UK (England, Wales and Northern Ire-
land) as their registries reported 25% or more missing or unknown
causes of death.

Allnational and regional registries contributing data to the ERA
Registry followed national legislation regarding ethics committee
approval. All analyses were performed with SAS version 9.4 [23].

RESULTS

Among 603 673 individuals who started KRT in 2000-19, 69 854
(11.6%) commenced this treatment because of PGD-induced kid-
ney failure. Among those with PGD, 19 394 (27.8%) had a diag-
nosis of IgAN, 11 016 (15.8%) had FSGS, 5914 (8.5%) had MPGN,
4079 (5.8%) had crescentic GN and 3133 (4.5%) carried a di-
agnosis of MN. The remaining 26 318 (37.7%) patients were
categorized as ‘other PGD’ (Table 1). The proportion of histolog-
ically non-examined PGD was the highest in Serbia (60%), Bosnia
and Herzegovina (78%) and Romania (79%) (Supplementary data,
Fig. S1). Overall, the median (IQR) age of PGD patients at the onset
of KRT was 58.5 (44.5-70.6) years and 68.9% were men. Those with
IgAN were the youngest (median age 51.9 years). Those with cres-
centic GN had the highest percentage of recovery of renal function
within 3 months after KRT start (1.3%), but also the highest me-
dian age at KRT initiation (67.0 years) and the highest risk of death
(4.9%) in the same timeframe (Table 1).

Incidence

Overall and by country

The standardized incidence of KRT for ESKD due to PGD for
all countries combined was 16.6 pmp, ranging from 8.6 pmp
in Serbia to 20.0 pmp in France (Fig. 1). No substantial differ-
ences were observed in the sensitivity analysis for which Henoch-
Schonlein purpura, anti-GBM disease and granulomatosis with
polyangiitis were added to the main definition of PGD (18.3 pmp
in the sensitivity analysis versus 16.6 pmp in the main analysis)
(Supplementary data, Table S2).

Among PGD subgroups, the standardized incidence of KRT in
all countries combined ranged from 0.7 pmp for MN to 4.6 pmp
for IgAN. There were large differences between countries in the
standardized incidence of KRT for ESKD due to IgAN, which was
lowest in Bosnia and Herzegovina (0.2 pmp) and highest in Swe-
den and France (both 6.2 pmp), and FSGS [lowest in Bosnia and
Herzegovina (0.8 pmp) and highest in Iceland (6.2 pmp)]. Interna-
tional differences were less evident for MPGN, crescentic GN and
MN (all <2.5 pmp). The standardized incidence of KRT for ESKD
due to other PGD for all countries combined was 6.3 pmp, rang-
ing from 2.0 pmp in Iceland to 14.0 pmp in Romania. Belgium (9.9
pmp), Greece (10.2 pmp), and Bosnia and Herzegovina (12.0 pmp)
also had high standardized incidence of KRT for ESKD due to other
PGD (Table 2 and Supplementary data, Fig. S2).

Based on the revised ERA PRD codes in 2012, the standard-
ized incidence of KRT for ESKD due to other PGD for all countries
combined was 5.75 pmp, ranging from 4.08 pmp in Austria to 11.82
pmp in Bosnia and Herzegovina. This high incidence in Bosnia and
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Country Incidence (pmp)
Serbia 8.6

. Netherlands 115
4 ™ Estonia 11.6
L Finland 12.6

/  Denmark

: (\\r Bosnia and Herzegovina
Switzerland
UK
Romania
Austria
Sweden
Spain
Iceland

® Greece
Belgium
Norway
France

All countries

Figure 1: Standardized incidence of kidney replacement therapy pmp for ESKD due to PGD by country based on 2000-19 data. For age and sex
standardization, the EU28 population in 2015 was used. Dark green represents a higher standardized incidence pmp, while light green and yellow

represents a lower standardized incidence pmp.

Herzegovina was mainly driven by histologically non-examined
PGD (10.65 pmp). Similarly, other countries as Spain (3.56 pmp),
Belgium (3.76 pmp), Norway (3.87 pmp) and Sweden (4.19 pmp)
also exhibited high standardized incidences of non-biopsied PGD
(Supplementary data, Table S3).

By age group

The crude incidence of KRT for PGD-induced kidney failure was
lowest in the age group 0-19 years (1.4 pmp) and highestin the age
group 65-74 years (35.9 pmp) (Table 2 and Supplementary data,
Fig. S3).

Among PGD subgroups, the crude incidence of KRT was low-
est in the age group 0-19 years (<0.6 pmp for all individual PGDs).
The crude incidence of KRT was highest in patients aged 65-74
years for IgAN (7.4 pmp), FSGS (4.9 pmp), MPGN (4.0 pmp), MN
(1.6 pmp) and other PGD (15.2 pmp), while for crescentic GN it
was the highest in older patients (>75 years; 3.1 pmp). There
was no substantial difference between the crude and standard-
ized incidence of KRT for PGD-induced kidney failure (Table 2 and
Supplementary data, Fig. S3).

By sex
The crude incidence of KRT for ESKD due to PGD was 22.4 pmp for
males and 9.7 pmp for females (Table 2 and Supplementary data,
Fig. S4).

Within all PGD subgroups, the crude incidence of KRT was
higher among males and ranged from 0.9 pmp for MN to 7.0 pmp
for IgAN, while among females it ranged from 0.5 pmp for MN to
2.0 pmp for IgAN. The largest difference between males and fe-
males was observed for IgAN (7.0 pmp and 2.0 pmp, respectively).
For other PGD, the crude incidence of KRT was 8.2 pmp in males
and 3.9 pmp for females. There was no substantial difference
between the crude and standardized incidence of KRT for PGD-
induced kidney failure (Table 2 and Supplementary data, Fig. S4).

Time trends

The standardized incidence of KRT for ESKD due to PGD showed a
decline from 18.6 pmp in the year 2000 to 14.5 pmp in 2013 [APC
-1.8 (95% CI -2.2; -1.4)]. Thereafter, it stabilized (Fig. 2).

Among PGD subgroups, the standardized incidence of KRT in-
creased between 2012 and 2019 for IgAN [APC 5.1 (95% C1 2.7;7.6)]
and between 2000 and 2019 for FSGS [APC 3.1 (95% CI 2.3-3.8)].
Conversely, the standardized incidence of KRT for ESKD due to
crescentic GN [APC -2.9 (95% CI-3.7;-2)] and MN [APC 1.5 (95% CI
-2.5;-0.5)] declined during the whole study period. Also, the stan-
dardized incidence of KRT for ESKD for the other PGD decreased
between 2000 and 2011 [APC —4.4 (95% CI -5.3; -3.4)] (Fig. 2).

Patient survival

The crude and adjusted 5-year survival probabilities after the on-
set of KRT for PGD-induced kidney failure were 71.5% and 69.7%,
respectively (Fig. 3 and Supplementary data, Table S4).

Among PGD subgroups, the crude and adjusted 5-year survival
probabilities after KRT initiation were lowest for crescentic GN
(57.0% and 64.5%, respectively) and highest for IgAN (83.5% and
76.1%, respectively). Compared with IgAN, patients with crescen-
tic GN had the highest risk of death [HR 1.8 (95% CI 1.6; 1.9);
P < .001], followed by MN [HR 1.5 (95% CI 1.4; 1.7); P < .001]
and other PGD [HR 1.5 (95% CI 1.4; 1.6); P < .001] (Fig. 3 and
Supplementary data, Table S4).

Causes of death

The most common cause of death in patients receiving KRT for
ESKD due to PGD was cardiovascular disease (33.9%), followed by
infection (18.5%) (Table 3).

Within PGD subgroups, the percentage of cardiovascular dis-
ease as cause of death varied from 26.5% for crescentic GN to
36.2% for FSGS. To the contrary, the percentage of death due to in-
fection varied from 17.7% among FSGS patients to 24.1% among
crescentic GN patients. Among patient deaths within the ‘other
PGD’ subgroup, 35.9% were from cardiovascular disease and 17.4%
due to infection (Table 3).

20z 8unp £z uo 1sanb Aq Z8€€09./7€09BIB/IPU/EBOL 0 |/10P/a[0IlE-00UBADE/PU/WOD dNO"DIWISPEDE//:SAY WOI) PIPEOJUMOQ


https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfae034#supplementary-data
https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfae034#supplementary-data
https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfae034#supplementary-data
https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfae034#supplementary-data
https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfae034#supplementary-data
https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfae034#supplementary-data
https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfae034#supplementary-data

7

Abd ElHafeez S. et al.

Downloaded from https://academic.oup.com/ndt/advance-article/doi/10.1093/ndt/gfae034/7603382 by guest on 27 June 2024

9'8 '8 60 60 [ 1T 14 6T S'e v'e 'L (4 S'ec v'ce STEN
4 6'¢c 90 S0 80 80 80 80 81 LT 0¢ 0¢ 10T L6 orewg
X925
'St TSt el €1 e e 8¢ 8¢ 9'¢ 9¢ 1584 14 cle c1e S/<
TSt ¢'ST 91T 91T 8'C 8'C (087 0¥ 6% 6v i i VAT 6'S¢E ¥/-S9
€8 €8 0T 01l T T 81 81 8¢ 8¢ 69 0L ree 1'ec ¥9-S¥
€'e €€ S0 S0 €0 €0 S0 S0 6'T 6T 9% 9'v [ 1T Y0
70 70 10 10 10 10 10 10 90 90 0 0 s i 61-0
193 JO 11e3s Je (s1eak) dnoid a8y
€9 09 L0 L0 0T 60 s a 9'C S¢ 97 'y 991 6'ST SILUNOI [V
P (44 L0 L0 L0 90 91T ST 4 0'¢ 0'S 8Y L'YT 6'¢cl N
6¥ 0'S S0 S0 0T 0T 0T T 8'C 8¢ 14 [ 124" SYL puelI=Ziimg
69 L9 L0 90 80 80 60 60 0¢ 6T 9 09 Y/LT 0'/T Uspams
A 14 0T 01T i a ST a S'¢C S¢ L'e 9'¢ S/T 0/T ureds
L'S 09 L0 L0 €0 €0 €0 €0 T T 70 S0 98 6'8 BIQI9S
0¥L 6'¢cl 10 10 10 10 €0 €0 0T 0T L0 L0 791 €91 EIUEBWOY
€8 S/ 60 60 T 0T 01T 60 4 0¢ 6'S 9'S €6l 6°/T KemioN
1% 6'¢ L0 L0 L0 L0 [ T €1 [ S'e ve STT 60T SPUE[ISUISN
0¢ 91 60 80 S'¢ 8T 00 00 9 0'S 09 8'S L'/[T 0'sT puer=d]
0ot €01 70 70 60 0T 91 91T 6'C 6'C L'C L'C £'8T 881 92931D
6'S 9'S 80 L0 i €T LT 91T 0¥ 8¢ 9 6'S 0'0¢C 68T QoueIj
S'e ve 90 90 70 70 L0 L0 4 ¢ T's s 9¢Ct vt pueuly
LY 9'v ¢0 0 S0 90 00 00 01T 0T 1's 0'S 91T iav BIUO}ISq
69 L9 60 80 L0 L0 [ T ¢ ¢ 0¢ 61T 8¢l gel Frewusg
0¢ct STt 70 70 10 10 S0 S0 80 80 0 ¢0 (Oha% ver BUIAOSRZISH PUR BIUSOY
66 i) L0 90 L0 90 ST i S'¢C ¥e 6'¢ L'E 06T ¢'81 wniseg
99 79 L0 90 0T 0T T 0T £'e £e 3¢ 8¢ S91 191 BLISNY
SSLIIUNOD
pazipiepuels SpnID  pazipiepuelS — dpnI)  pIzZIpIEpuelS dpniD pIzZIpIEpUBIS SPNID PIZIPIEPUE}S SpNID PIZIPIEPUEIS SPNID PIZIPIEPUE}S dpNid
asd P¥yio NN ND dnuaosaid NDdIN SDSd NV3I asd [e1oL

sdnoidqns god

‘B1BD 61000 UO paseq ‘xas pue dnois ade ‘A13unod Aq ‘qHd o3 anp @3s3 10 dwd 1M JO (PazZIpiepuels pue SpILID) 90USPIDU] iZ S[qEL



8 | Nephrol Dial Transplant, 2024, Vol. 0, No. O

——IgAN | APC 2000-12: 0.7 (-0.3;1.7)
APC 2012-19: 5.1* (2.7;7.6)

20 ——FSGS | APC 2000-19: 3.1* (2.3;3.8)
18
- MPGN | APC 2000-19: -0.2 (-1.0;0.5)
14

Crescentic GN | APC 2000-19: -2.9* (-3.7;-2.0)
12

——MN | APC 2000-19: -1.5* (-2.5;-0.5)

Incidence (pmp)
=
3

——Other PGD |APC 2000-11: -4.4* (-5.3;-3.4)
APC 2011-19: -0.6 (-2.2;1.0)

|

20z 8unp £z uo 1sanb Aq Z8€€09./7€09BIB/IPU/EBOL 0 |/10P/a[0IlE-00UBADE/PU/WOD dNO"DIWISPEDE//:SAY WOI) PIPEOJUMOQ

—Total PGD | APC 2000-13: -1.8* (-2.2;-1.4)
0 APC 2013-16: 5.5 (-2.0;13.6)
APC 2016-19: -1.9 (-5.4;1.8)

2000
2003
2004
2005
2006
2007
2008
2009

2001
2002
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019

Year of start KRT

Figure 2: Trends in age- and sex-standardized incidence of KRT pmp for ESKD due to PGD, based on 2000-19 data. The APC and 95% CI are indicated in
the righthand panel. ‘Significant change in APC.
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Figure 3: Five-year survival for patients starting KRT for ESKD due to PGD based on 2000-14 data using Kaplan-Meier survival analyses. Adjustment
for age, sex, time period and country.

Table 3: Causes of death among patients starting KRT for ESKD due to PGD based on 2000-14 data with 5 years of follow-up.

Total PGD IgAN FSGS MPGN Crescentic GN MN Other PGD
Cause of death (N = 8928) (N = 1146) (N=993) (N =848) (N = 763) (N = 444) (N = 4734)
Cardiovascular diseases (%) 339 31.8 36.2 30.9 26.5 30.6 359
Infection (%) 18.5 18.4 17.7 18.8 241 21.4 17.4
Miscellaneous (%) 16.3 18.5 16.6 13.9 18.2 14.9 15.9
Malignancies (%) 10.9 13.8 9.4 13.3 8.8 11.0 10.5
Suicide/refusal treatment (%) 3.4 3.5 3.5 5.9 3.5 1.8 3.2
Cachexia (%) 2.2 1.0 1.4 3.1 2.5 3.4 2.3
Withdrawal (%) 55 4.4 5.9 6.8 6.4 7.4 5.2
Unknown/unavailable (%) 9.3 8.6 9.3 7.3 10.0 9.5 9.6
DISCUSSION MPGN, crescentic GN and MN had lower incidence rates with min-

imal international variation. Over the study period, the standard-
ized incidence of KRT for PGD-induced kidney failure decreased
in the early 2000s, followed by stabilization after 2013. The ‘other
PGD’ subgroup showed a decline in incidence until 2011. By con-
trast, there was a noticeable rise in KRT incidence from 2012 to

In this ERA Registry study using data from the past two decades,
the standardized incidence of KRT for ESKD due to PGD varied
significantly between countries, with an overall incidence rate of
16.6 pmp. IgAN and FSGS had the highest incidence rates, with a
considerable variation across the European countries. Conversely,
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2019 for IgAN and throughout the study period for FSGS. These
temporal trends were not explained by the demographic compo-
sition of the study population as analysis were standardized for
the age and sex distribution of the EU28 population. Finally, the
5-year survival probabilities after initiating KRT were above 50%
in each PGD subgroup, and cardiovascular disease was the most
common cause of death, followed by infection.

Incidence

Our results demonstrate that 11.6% of incident KRT patients had
PGD as PRD, which is higher than in the USA (7.1%) [21], but much
lower than in Brazil (33.7%) [9]. Furthermore, similar to the USA
(5], the standardized incidence of KRT for PGD-induced kidney
failure decreased in the early years of this century.

Publications on the incidence of KRT for one or more PGD sub-
groups as PRD are scarce. [gAN was the most common PGD sub-
group among patients who initiated KRT, which was similar to a
small Spanish study examining incident peritoneal dialysis pa-
tients [12]. By contrast, FSGS was the most frequent PGD subgroup
among incident KRT population in the USA, in both the white and
Black individuals [3, 11]. In both the USA and Spain, MPGN was the
least common PGD subgroup among patients who initiated KRT
[11,12], while our findings showed that in Europe MN was the least
common PGD subgroup. Furthermore, hardly any previous stud-
ies have described the trends in the incidence of KRT for ESKD
due to different PGD subgroups. The only exception is a Japanese
study which reported stabilization in the age standardized inci-
dence of KRT due to IgAN [13]. Data from the United States Renal
Data System (USRDS) showed a decline in the percentage of in-
cident KRT for all PGD subgroups between 2013 and 2020, except
for proliferative GN [3].

The international differences in the incidence of people with
PGD undergoing KRT may reflect variation in the burden of
glomerular diseases worldwide [24, 25], ranging from 119.8 per
100 000 population in Central Europe to 379.3 per 100 000 popula-
tion in Central Latin America [25]. However, because KRT can be
prevented through earlier detection and/or treatment in a subset
of PGDs, the variation may also reflect access to timely detection
and care. There are also reporting issues, as most PGD subgroups
are relatively rare and fall into the category of orphan diseases
[26].

Considering the incidence of PGD subgroups, regional biopsy
studies suggest that IgAN is more common in Europe [27-29]
and Asia [30, 31], while FSGS is more common in the USA [32,
33], Canada [34, 35] and Latin America [36, 37]. Genetic sus-
ceptibility [38] and environmental factors [39, 40] may explain
these differences, but such findings should be interpreted with
caution as biopsy studies reflect access to care, and therefore
may underestimate the true disease burden due to reluctance to
refer patients with spontaneous remission or advanced kidney
disease for biopsy [26]. Low biopsy rates were reported in Serbia
(10.8 pmp/year) [41], Romania (11.3 pmp/year) [42] and Hungary
(36.6 pmp/year) [43]. Higher biopsy rates were observed in Finland
(176 pmp/year) [44], France (162 pmp/year) [45], Australia (215
pmp/year) [44] and the USA (175 pmp/year) [46]. Data from the
current study showed a high incidence of histologically non-
examined PGD causing ESKD in Serbia and Romania that was
consistent with the low biopsy rate.

In addition to kidney biopsy, serological diagnostic techniques,
such as testing for ANCA and anti-GBM autoantibodies, play a
crucial role in differentiating between anti-GBM antibody GN or
pauci-immune categories of crescentic GN. Also, testing for anti-

phospholipase receptors A2 (anti-PLA2R) antibody could diagnose
MN [4]. In the present study, patients with unspecified PGD di-
agnosis were grouped under other PGDs. Limited availability of
diagnostic tools may lead to under diagnosis or misclassification
of PGD subgroups, impacting accurate incidence rates and poten-
tially negatively affecting treatment decisions [26].

Once people are diagnosed with PGD, the differences in the in-
cidence of KRT for PGD-induced ESKD among European coun-
tries may be attributed to variable progression of PGD to KRT.
Individuals with IgAN [47, 48] and MN [49] tend to have a lower
rate of progression to ESKD, whereas those with FSGS [50, 51]
and crescentic GN [52] experience a more rapid decline in kidney
function. Despite the slower progression of IgAN, the incidence of
KRT for ESKD was higher among IgAN compared with other PGD
subgroups. Several factors, including traditional risk factors (pro-
teinuria, hypertension, low glomerular filtration rate, histopathol-
ogy) [53, 54|, and demographic factors (age, sex, smoking, over-
weight/obesity) can influence the rate of progression to ESKD [51,
55]. Moreover, treatment may also impact outcomes [4]. Recent
advances in the treatment of MN may have contributed to the
progressive decrease in the incidence of KRT from MN [56] while
KDIGO guidelines recommend enrolling IgAN patients in clinical
trials, given the paucity of evidence [4]. FSGS is also problematic
from the therapeutic point of view: being a non-specific histolog-
ical term [4]. The present results are aligned with unmet needs
regarding the treatment of IgAN and the appropriate diagnostic
evaluation and treatment of FSGS.

When people with PGD have progressed to ESKD and need KRT,
the variation in the access to KRT may be caused by the timing
of KRT initiation, patient selection and availability of ESKD treat-
ment options [57, 58]. Macroeconomic factors, such as healthcare
expenditure, may also impact the access to KRT [57, 59].

Survival and causes of death

Patients starting KRT for ESKD due to PGD have a better 5-year
survival rate (65.5%) than those with diabetes (46.4% %) and hy-
pertension (55.9% %) as PRD, according to the ERA Registry an-
nual report [10]. The current study revealed that among PGD sub-
groups, IgAN patients have the most favorable survival outcomes,
while crescentic GN patients face the highest mortality risk. These
findings align with data from studies in the USA [11] and Korea
[49]. The substantially diverse mortality risks among PGD sub-
groups in this study were present also after adjustment for po-
tential confounders although residual confounding may still ex-
ist. Cardiovascular disease and infection were the main causes of
death among PGD patients undergoing KRT, which is consistent
with previous research [6, 11, 15, 16, 18]. The differences in survival
rates among various PGD subgroups can be attributed to several
factors, including age, limited accessibility to KRT in certain coun-
tries [60], aggressive treatment strategies involving immunosup-
pression that may increase the risk of infections, and the potential
occurrence of extrarenal complications [4]. The high cardiovascu-
lar mortality observed in PGD patients initiating KRT is linked to
risk factors such as dyslipidemia, hypertension, proteinuria and
endothelial dysfunction [61]. Patients with PGD are usually in the
highest (A3) albuminuria category of cardiovascular risk [62, 63].

Strengths and limitations

This is the largest European study to date on the incidence and
outcomes of patients initiating KRT with PGD as the cause of
kidney failure, with (almost) 100% coverage in the participat-
ing countries. Another important strength of this study is the
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comparison of the different PGD subgroups regarding the inci-
dence, trends and outcomes after KRT initiation. This study has
limitations related to the registry-based nature of the data, in-
cluding lack of information on potential confounders such as
comorbidity, precluding their adjustment in the survival analy-
sis. Finally, the histopathological classification, biopsy practices
and management protocols could influence the PRD coding. In
this study, we included both histologically and non-histologically
confirmed diagnosis of PGD, despite the fact that using non-
histologically confirmed diagnosis of PGD could lead to potential
misclassification of PGD. However, including only histologically
confirmed PGD would lead to an underestimation of the incidence
of KRT due to PGD, particularly in countries with (mainly) non-
histologically confirmed diagnosis of PGD.

CONCLUSION

Data from the ERA Registry reveals that the incidence of KRT for
ESKD due to PGD was highest and increasing for IgAN and FSGS,
with significant variation across the European countries. Notably,
a substantial number of PGD cases lack histological examina-
tion, especially in Eastern and some Western European countries.
This may lead to challenges in accurate diagnosis and appropri-
ate treatment. The recognition of the incidence and prognosis of
KRT among different PGD subgroups enables a more personalized
approach to patient care. Future studies are warranted to assess
the impact of novel therapies on disease progression and the ini-
tiation of KRT in PGD patients.

SUPPLEMENTARY DATA

Supplementary data are available at ndt online.
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