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2 Preamble 
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8 Zusammenfassung 
 

Einleitung: Die IgA Nephritis (IgAN) ist die häufigste Glomerulonephritis weltweit. 

Die Inzidenz in der Gesamtbevölkerung beträgt ca. 2.5/100000/Jahr. Innerhalb von 

10-20 Jahren nach Beginn der Erkrankung entwickeln ca. 20-40% der PatientInnen 

eine terminale Niereninsuffizienz. Die IgAN präsentiert sich klinisch durch 

unterschiedliche Symptome. Außerdem unterscheiden sich die Prävalenzen von 

Kontinent zu Kontinent. Durch die Evaluierung von Nierenbiopsien konnten fünf 

unspezifische Veränderungen beschrieben werden, die eine prognostische 

Aussagekraft bezüglich des Krankheitsverlaufes besitzen. Diese Veränderungen 

wurden zu der sogenannten modifizierten Oxford Klassifikation zusammengefasst. 

Diese beinhaltet mesangiale Hyperzellularität (M), endokapilläre Hyperzellularität 

(E) segmentale Sklerose (S), tubuläre Atrophie/interstitielle Fibrose (T) und 

extrakapilläre Proliferationen (C) (Halbmondbildung). Das Ziel dieser Studie war es, 

die prognostische Aussagekraft der histopathologischen Veränderungen, mit 

speziellem Augenmerk auf die Halbmonde, hinsichtlich des renalen Überlebens zu 

evaluieren. 

 

Material und Methoden: Für diese retrospektive Studie wurden Daten von 205 

IgAN PatientInnen, aus Südost-Österreich, im Zeitraum von 2002 bis 2018 

gesammelt und statistisch analysiert. Die Prüfung auf Zusammenhänge zwischen 

histopathologischen Veränderungen und dem Nierenüberleben / der Nierenfunktion 

erfolgte mithilfe von Kreuztabellen, Chi-quadrat-Tests und binär logistischen 

Regressionsanalysen. Mit der Kaplan-Meier-Methode wurden Überlebenskurven für 

das Auftreten einer Niereninsuffizienz oder eines Nierenversagens erstellt. Mittels 

Log-Rank-Test wurden die Überlebensdaten zwischen den Gruppen verglichen. Die 

Endpunkte dieser Studie waren das Erreichen einer terminalen Niereninsuffizienz 

und/oder ein Abfall der geschätzten glomerulären Filtrationsrate (eGFR) von >50%. 

 

Ergebnisse: PatientInnen mit tubulärer Atrophie/interstitieller Fibrose in >25% des 

renalen Cortex, zeigten einen signifikant schlechteren Krankheitsverlauf hinsichtlich 

beider Endpunkte kombiniert (p-Wert<0.001). Halbmondbildung allein zeigte sich 

ohne signifikante Aussagekraft hinsichtlich eines Nierenversagens und 50% 



 x 

Abnahme der Nierenfunktion. Allerdings konnte ein signifikanter Effekt von 

Halbmonden in <25% der Glomerula hinsichtlich eines Nierenversagens gefunden 

werden, wenn die Analyse bezüglich der immunsuppressiven Therapie angepasst 

wurde (p-Wert=0.001). IgAN PatientInnen mit C1-Läsionen nahmen signifikant 

häufiger immunsuppressive (p-Wert<0.001) und antihypertensive (p-Wert=0.039) 

Medikamente ein. Fibrozelluläre (gemischt) und fibröse (alt) Halbmonde zeigten im 

Vergleich zu zelluären (frisch) Halbmonden einen signifikant schlechteren Einfluss 

auf das Auftreten eines Nierenversagens (p-Wert=0.002). 

 

Diskussion: Wir konnten die Aussagekraft der T-Läsionen als verlässlichsten, 

histopathologischen Marker hinsichtlich des renalen Überlebens bestätigen. Für 

Halbmonde konnten wir nur einen signifikanten Effekt auf das Auftreten eines 

Nierenversagens beschreiben, nachdem die Analyse an die immunsuppressive 

Therapie angepasst wurde. Es müssen weitere repräsentative Studien durchgeführt 

werden, damit die unabhängige Aussagekraft von Halbmonden bestätigt werden 

kann. 
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9 Abstract 
 

Introduction: Immunoglobulin A Nephropathy (IgAN) is the most common 

glomerular kidney disease in the world. The overall population incidence of IgAN is 

approximately 2.5/100000/year and in about 20-40% of the cases IgAN is reported 

to progress to end-stage kidney disease (ESKD) within 10 to 20 years from onset. 

IgAN shows highly variable and heterogeneous clinical symptoms as well as diverse 

rates of frequency in different continents. In kidney biopsies, five distinct features 

prognostic of disease progression and outcome, have been summarized as the 

modified Oxford Classification. These features are mesangial hypercellularity (M), 

endocapillary hypercellularity (E), segmental glomerulosclerosis (S), tubular 

atrophy/interstitial fibrosis (T) and glomerular crescent formation (C). Aim of this 

study was to validate the prognostic value of the histopathological features with 

special emphasis on crescentic lesions on renal survival. 

 

Material and Methods: For this retrospective analysis data from 205 IgAN patients 

from Southeast Austria between 2002 and 2018 were collected and statistically 

analyzed. We performed cross tabulation, chi-squared tests and binary logistic 

regression analyses to determine the association between histopathological 

parameters and renal survival/function. Renal survival curves with the Kaplan-Meier 

method were generated and between-group survival was compared by using the 

log-rank test. The study endpoints are the onset of ESKD and/or 50% decline in 

estimated glomerular filtration rate (eGFR). 

 

Results: Patients with tubular atrophy/interstitial fibrosis in >25% of cortical area 

showed a significantly adverse renal outcome concerning the combined event (p-

value<0.001). Crescentic lesions did not prove to be a significant prognostic factor 

for renal failure and for 50% decline of renal function. When adjusted for 

immunosuppressive therapy however, crescentic lesions in <25% of glomeruli were 

predictive of renal failure (p-value=0.001). IgAN patients with C1 lesions more likely 

received immunosuppressive (p-value<0.001) and antihypertensive (p-

value=0.039) treatment. Fibrocellular (mixed) and fibrous (old) crescents, proved to 



 xii 

have a significantly adverse impact on renal failure than cellular (fresh) crescents 

(p-value=0.002). 

 

Discussion: We could validate the prognostic value of T lesions on renal survival 

as the most consistent marker. Crescentic lesions however, only were predictive of 

renal failure once adjusted for immunosuppression. Further representative studies 

need to be conducted to validate the independent prognostic value of crescentic 

lesions. 
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10 Introduction 
 

Immunoglobulin A Nephropathy (IgAN) is described as the most common 

glomerular disease worldwide (1) and one of the most frequent reasons for the onset 

of chronic kidney disease. IgAN is reported to progress to end-stage kidney disease 

(ESKD) in approximately 20 to 40% of patients within 10 to 20 years from onset 

(2,3). 

The etiopathogenesis of IgAN is complex and known to develop in a multi-hit 

process. Pathomechanistic factors contributing to disease initiation and progression 

include increased serum IgA levels, aberrantly glycosylated IgA1 antibodies, 

production of O-glycan-specific anti-IgA1-IgG-autoantibodies resulting in 

immunocomplex formation and deposition within the mesangium and the glomerular 

capillary cell walls, further leading to an inflammatory glomerular response and 

impairment of renal function (4). Patients with IgAN commonly show unspecific or 

mild clinical symptoms, often hampering clinical diagnosis and delaying medical 

treatment. IgAN may lead to a wide range of histopathological glomerular changes, 

reflecting the clinical diversity of disease, including hematuria, proteinuria, impaired 

glomerular filtration rate and arterial hypertension (2). 

Most patients with IgAN show asymptomatic urinary abnormalities, such as 

microhematuria in 88%, macrohematuria in 43%, and proteinuria (5). Patients 

commonly develop proteinuria with >1g/d and show nephrotic range proteinuria (>3-

3,5g/24h) in 10% of reported cases (5). Other symptoms may be lumbar or 

abdominal pain (30%) and hypertension (25%). In 7% of cases, acute renal failure 

is reported. In other cases, IgAN may cause chronic renal failure in 20-40% within 

10-20 years (2,3,6). In addition, development of thrombotic microangiopathy is seen 

in 53% of the cases (5,7). 

Kidney biopsy with histological Classification of IgAN is essential for 

diagnosing IgAN, evaluating disease severity and guiding appropriate therapeutic 

strategies (8). Histopathological glomerular changes are variable ranging from 

virtually normal histology with minimal mesangial hypercellularity to severe 

necrotizing, crescentic glomerulonephritis or advanced glomerulosclerosis and 

tubular atrophy (8). In 2009, the Oxford Classification of IgAN was developed by an 



 

 14 

international working group using a retrospective study cohort of 265 adults and 

children with confirmed IgAN diagnosis in order to establish a consensus on 

identifying the specific pathologic features reliably predicting the risk of IgAN 

progression (1,8). The Oxford Classification for IgAN established four typical 

histopathological features, including mesangial (M) and endocapillary (E) 

hypercellularity, segmental glomerulosclerosis (S), and moderate to severe 

interstitial fibrosis and tubular atrophy (T), summarized as the so-called MEST 

score, as independent risk factors for poor renal outcome (1,8). The original Oxford 

Classification, however, does not account for the presence of glomerular crescents 

(9), as crescentic lesions lacked prognostic significance in the Oxford study cohort 

(8). Since 2017, an additional C-category in the original MEST score for the 

presence of glomerular crescents is recommended: C0 (no crescents), C1 

(crescents in less than one fourth of glomeruli), and C2 (crescents in over one fourth 

of glomeruli), summarized as the modified MEST-C score. However, there are 

conflicting data on the prognostic value of glomerular crescent formation for renal 

outcome (9–12).  

In the following years, further retrospective studies, review articles, and meta-

analyses have been performed in order to test the prognostic impact of the Oxford 

Classification in different patient cohorts with different epidemiological background.  

 

10.1 Epidemiology of IgAN 

 

The overall population incidence for IgAN in adults is suggested to be 

2.5/100000/year according to McGrogan et al (13). However, biopsy registry data 

tend to underestimate disease burden as patients with mild disease may not 

undergo biopsy, and in countries lacking screening programs disease may not be 

detected (14). Thus, the worldwide distribution of IgA Nephropathy shows highly 

variable geographic prevalence and incidence rates (15) attributable to several 

influencing factors. Systematic urine screening is not commonly practiced in many 

countries (15). In Asian countries, however, systematic urine screening is part of 

standard health check programs for all primary and secondary school students as 

well as for people attending the military in Japan (15). The number of performed 

renal biopsies due to asymptomatic urine abnormalities found in routine checkups 
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correlates with number of identified IgAN patients, as reflected by data from Japan: 

almost 50% of diagnosed IgAN cases are found after performing renal biopsy 

secondary to urine pathologies in the context of routine examination (15). General 

practitioners, especially in European and some Asian countries, tend to 

underestimate the clinical significance of persistent microscopic hematuria as well 

as low proteinuria, thus delaying IgAN diagnosis by a specialist (nephrologist) (15). 

Kiryluk et al found five susceptibility gene loci in patients with IgAN 

contributing to disease development. Those loci were additionally associated with 

other autoimmune diseases, such as type I diabetes, multiple sclerosis and 

inflammatory bowel disease. These findings suggest an influence of genetic factors 

on regional and familial IgAN (16). 

In addition, indications for a kidney biopsy vary substantially in different 

countries and reported prevalence rates vary according to how data have been 

determined, using biopsy registry data or registry data of dialysis patients (14).  

 

 

10.1.1 Asia 

 

The incidence and prevalence of IgAN is considered to be the highest in East Asian 

and Pacific Asian regions (14). China leads all Asian countries with IgAN 

frequencies of 54% of patients with a diagnosed primary glomerular disease (PGD) 

(17). Japan and Singapore follow China with 47% and 43% of PGD patients 

(15,18,19). Lower rates of IgAN frequencies among Asian countries were reported 

in Bangladesh, India, and United Arab Emirates with 7%, 6%, and 6% (15,20–22). 

In Japan and Singapore, incidence rates vary between 39-45 and 18 cases per 

million population years (pmp) (15,19,23). In Japanese children (age of 0-15 years), 

the frequency rate of IgAN was found to be 4.5 cases /100 000/year (24). In a large 

pediatric South Korean study, IgAN or Henoch-Schönlein nephritis was diagnosed 

in 85% of 662 evaluated kidney biopsies (25). 

Interestingly, no differences in the proportion of Asian patients were found between 

female and male patients and age distribution peaked in the second and third 

decade of life (15). 
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10.1.2 Europe 

 

Similar to Asia, incidence and prevalence rates vary in European countries. The 

highest rates are reported in France, Germany, Sweden, and the United Kingdom 

with 53%, 51%, 41%, and 39% of patients with a diagnosed PGD (15,26–29). These 

high numbers are based on strict indications for renal biopsy performance (15). 

Registry data show that a high percentage of biopsies already had signs of chronic 

renal insufficiency, suggesting that systematic urine analyses did not take place in 

routine practice. While the use of mass urinary screening programs was not 

common practice in most European countries, data from the UK showed that as 

physicians payed attention to asymptomatic urine abnormalities and consequently 

performed renal biopsies, the prevalence of IgAN increased from 4% to 38% 

(30,31). The lowest prevalence rates of PGD patients among European countries 

were found in Croatia, Macedonia and Serbia and Montenegro with 18%, 12%, and 

8.5%, respectively (32–34). Age distribution among European countries shows a 

peak at 20 and 30-year-old individuals. In Europe, the male:female ratio varies 

between 2:1 to 6:1 (35).  

 

 

10.1.3 North and South America 

 

North and South America face a complex situation regarding IgAN epidemiology 

based on the heterogeneity of the population. While Caucasian Americans show 

prevalence rates of about 8%, prevalence rates for African Americans are only 

around 1% in North America (36). According to Schena et al, differences in 

epidemiologic parameters among ethnicities in North America might be explained 

by varying indications to perform renal biopsies and by different numbers of study 

cohorts (15). Age distribution among the United States shows a peak around the 

second and third decade of life in Caucasian Americans (15). 
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There is little data on the epidemiological situation of IgAN in South America. 

The lack of reported literature data can be explained by the fact that patients in 

South America are referred to nephrologists in already late and symptomatic stages 

(often with nephrotic symptoms). Hence, signs of progressive and advanced renal 

disease with focal segmental glomerulosclerosis and membranoproliferative 

glomerulonephritis are often seen on histological renal biopsy examination (15). 

 

 

10.1.4 Oceania 

 

In Australia, reported prevalence rates are 34% of all patients with biopsy proven 

PGD (37). The indication for renal biopsy performance in Australia is equal to that 

in Japan including patients with persistent asymptomatic urinary abnormalities. This 

is comprehensible as renal replacement therapy registries in Australia show that 

IgAN is the most frequent cause of end stage renal disease (38). Prevalence rates 

of IgAN were found to be higher in populations with European ethnicity (24%) in 

comparison to indigenous population, such as the Aborigines (13%) (39). This could 

again be explained by different access to medical examination, diagnostics, and 

treatment for minorities as they live in remote areas with huge distances to the next 

appropriate institutions (15). 

Interestingly, the numbers of IgAN cases in New Zeeland showed similar 

distribution between indigenous and nonindigenous populations with a higher 

frequency in non-indigenous patients (15). However, indigenous populations, mostly 

Polynesians (Maori), showed higher frequencies in general glomerular diseases 

(15). The overall frequency of IgAN in New Zeeland among patients with proven 

PGD was 16% as described by the New Zeeland Glomerulonephritis Study Group, 

in 1989 (15). 
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10.1.5 Africa 

 

In Africa the primary indication to perform renal biopsy was nephrotic range 

proteinuria (15). Patients with microscopic hematuria or low proteinuria normally did 

not undergo biopsy. These factors contribute to very low numbers of frequency of 

IgAN in African populations with 0.7% and 5.8% as reported by Seedat et al in 1998 

and Okpechi et al in 2011 (15,40,41). 

  



 

 19 

10.2 Etiology and Pathogenesis 

 

The etiopathogenesis of IgAN still remains an important topic of scientific research. 

Its underlying mechanisms responsible for disease initiation and progression are 

complex. Current understanding of mechanistic factors suggest that not only generic 

progression factors (e.g. arterial hypertension) but also genetic and environmental 

influences are involved in IgAN pathogenesis (4). 

During the past decades, extensive scientific progress has been achieved in 

understanding the complex interplay of involved pathomechanisms. Major factors 

responsible for disease onset and progression include: (I) Elevated serum levels of 

poorly galactosylated IgA1, (II) formation of O-glycan-specific-anti-IgA1-IgG-

autoantibodies directed against the poorly galactosylated regions, (III) formation of 

IgA1-IgG or IgA1-IgA immune complexes which are prone to mesangial deposition, 

(IV) mesangial immune complexes initiating the production of inflammatory 

cytokines and chemokines, (V) proinflammatory mediators support the onset of 

cellular proliferation, the production of extracellular matrix and finally lead to 

glomerular injury and renal function loss (4,42). Key steps in the pathogenesis of 

IgAN are shown in Figure 1. 

 

10.2.1 Poorly galactosylated IgA1: Role and Origin 

 

Human IgA consists of two subclasses: IgA1 and IgA2. IgA normally is secreted by 

subepithelial plasma cells onto mucosal surfaces, such as the nasal or the 

gastrointestinal mucosa, via transcytosis in dimeric form (42,43). 

In IgAN, increased levels of poorly O-galactosylated IgA1 in both serum and 

glomerular immune deposits have been identified as a key factor in the 

etiopathogenesis of IgAN, as found in IgAN patients of different ethnic and 

geographic origin (42,44–49). 

O-galactosylation of IgA1 molecules includes a complex sequence of 

enzymatic reactions: The hinge region of the α heavy chain of IgA1 contains an 

amino acid chain that is extended by 18 amino acids where O-glycans chains may 

attach to serine or threonine residues. Although there are up to nine possible serine/ 
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threonine sites available for O-galactosylation in each α heavy chain, only between 

three and six sites may be occupied at any time. O-galactosylation of the hinge 

region is mediated by a group of enzymes through a series of stepwise co/post-

translational modifications. This process is initiated by the addition of N-

acetylgalactosamine (GalNAc) on the IgA1-hinge region by the activity of N-

acetylgalactosaminyl-transferase (42). The addition of a galactose residue to the 

amino acid requires multiple enzymatic reactions (42). In the next step, core 1 beta 

1,3-galactosyltransferase (C1GalT1) provides for the galactosylation reaction by 𝞫-

1,3-linking galactose to GalNAc forming a disaccharide (42). In order to prevent 

protein misfolding and to assure protein stability, an interaction between C1GalT1 

and its molecular chaperone, core 1 𝞫 3 GalT-specific molecular chaperone 

(Cosmc) is required (42). In the end the addition of sialic acid to either GalNAc or to 

the galactose unit can occur by sialylation through diverse sialytranferases. 

The last step is crucial in the formation of poorly galactosylated IgA1 as it prevents 

the addition of galactose once bound to GalNAc (42). Poorly galactosylated IgA1 

molecules are not only found in IgAN patients but are present to a much greater 

proportion of the IgA1 O-glycoform circulating pool in IgAN patients when compared 

to healthy individuals (42). 

Abnormal generation of poorly O-galactosylated glycoforms cannot be 

attributed to just one defective enzyme or chaperon. However, it is more likely, that 

subpopulations of IgA1-commited plasma cells with differences in their activity and 

expression of the enzymes needed for IgA1 generation might be involved (42).  

Yet not sufficiently elucidated but interestingly enough, genetic and 

epigenetic control mechanisms have been found to play role in IgAN. Associations 

between serum levels of poorly O-galactosylated IgA1 and a non-coding region of 

C1GALT1, the gene responsible for coding the galactosyltransferase C1GalT1 have 

been found. Most likely these genetic changes do not occur in all cells but affect 

certain microenvironments, like mucosal surfaces. However, this association does 

not seem to be specific for IgAN since it has been detected in healthy individuals 

and patients with membranous nephropathy, supporting the hypothesis that 

circulating levels of poorly O-galactosylated IgA1 are heritable and influenced by 

genetic variations within the C1GALT1 gene (42,50).  
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Epigenetic control by microRNAs of IgA1 O-galactosylation is considered to 

be involved in IgAN pathogenesis (42). Upregulation and overexpression of a 

specific micro RNA (miR-148b) in peripheral blood mononuclear cells has been 

associated with a decreased expression of C1GalT1 and production of poorly O-

galactosylated IgA1 (42). A binding site for miR-148b has been identified within the 

recently identified C1GALT1 risk haplotype, underlying a role for miR-148b in IgAN 

(42,51). Susceptible gene loci in the major histocompatibility complex responsible 

for the gastrointestinal immune response with deletions in CFRH1, CFHR3 at 

chromosome 1q32 and a locus at chromosome 22q12 have been identified in 

genome wide association studies (42,52). Thus, the importance of the mucosal 

immune system as the source of poorly O-galactosylated IgA1 in IgAN is being 

increasingly discussed and referred to as the mucosal-kidney axis (43). 

Further evidence supporting the importance of the mucosal-kidney axis is 

based on the typical clinical presentation of IgAN patients. IgAN patients with an 

upper respiratory tract infection develop visible hematuria during or short after the 

infection occurs (synpharyngitic hematuria) (42). Other studies show associations 

between IgAN patients and their predisposition to autoimmune diseases in which 

the mucosal immune system and an exaggerated immune response to mucosal 

antigens is involved, e.g. coeliac disease and inflammatory bowel disease (42). 
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Figure 1: Key steps in the pathogenesis of IgAN (modified after Yeo SC et al. Pediatr Nephrol 2018) 

 

10.2.2 Formation of O-glycan Specific Autoantibodies 

 

Evaluation of glomerular depositions in patients with IgAN showed presence of 

immune complexes. As the sole presence of monomeric IgA1 is not able to initiate 

mesangial cell activation in in vitro experiments, formation of poorly O-

galactosylated IgA1 molecules cannot be the only factor responsible for the disease 

initiation in IgAN (42,53). Thus, a major pathogenetic step in IgAN is the production 

of antibodies, IgA or IgG, against galactose-deficient sugar residues in poorly O-

galactosylated IgA1. This process is assisted by toll-like receptors (TLRs), involved 

in response to the exposure to bacterial wall and viral envelope components, and in 

the polyclonal activation of B lymphocytes and immunoglobulin production (54–56). 

In the majority of cases, reported immune complexes consist of polymeric poorly O-

galactosylated IgA1 as the substrate of immune complexes and O-glycan-specific 

autoantibodies. 

Conformational changes of the IgA1 molecule (due to O-galactosylation of 

the hinge region) is likely to be the molecular trigger for specific O-glycan-specific 
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autoantibody production and recognition by serum antimicrobial antibodies that 

mistake the IgA1 hinge region O-glycans for bacterial or viral cell wall glycoprotein 

structures (molecular mimicry) (42). A proposed model of the pathogenetic 

mechanisms of immune complex formation is shown in Figure 2. 

 

 

Figure 2: Pathogenesis of immune complex formation in patients with IgAN (modified after Yeo SC et al. Pediatr 
Nephrol 2018) 

 

A strong association between the levels of O-glycan-specific autoantibodies in the 

serum and the disease activity and progressive kidney disease in IgAN has been 

found (42). Following the mucosal-kidney-axis, increased antimicrobial mucosal 

antibodies drive immune complex formation during mucosal infections in IgAN, 

resulting in a temporary flooding of the glomeruli with IgA immune complexes with 

severe glomerular inflammation and development of synpharyngitic hematuria (42). 
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10.2.3 Mesangial Immune Complex Deposits and Initiation of 
Glomerular Injury 

 

Glomerular injury is triggered by the deposition of immune complexes in the 

glomerular mesangium in susceptible individuals. As described by Coppo et al 

already in 1993 and Kokubo et al in 1998, mesangial trapping and an increased 

affinity of poorly galactosylated IgA1 for extracellular matrix components, such as 

fibronectin and type IV collagen, are the main pathomechanistic factors in 

glomerular immune complex deposition (57,58). Once deposited, IgA1-containing 

immune complexes bind to and activate mesangial cells, cytokine release, such as 

IL-6, tumor necrosis factor-α and transforming growth factor-β and further promote 

an inflammatory response (42). Cellular proliferative changes, as reflected by the 

highly variable histopathological changes typically seen in IgAN, parallel these 

molecular processes, including mesangial and endocapillary hypercellularity, 

segmental glomerulosclerosis, and tubular atrophy/interstitial fibrosis, and in severe 

cases glomerular crescent (1,59). Local proinflammatory cytokines and chemotactic 

mediators lead to recruitment of inflammatory cells, trigger glomerular cell 

proliferation, change podocyte gene expression and glomerular permeability, 

causing filtration of IgA immune complexes, podocyte damage, and segmental 

glomerulosclerosis (glomerulopodocytic crosstalk) (42,60–63). Glomerular-derived 

cytokines and filtered IgA1, have been shown to activate proximal tubule epithelial 

cells (glomerulotubular crosstalk), which in turn drives tubulointerstitial fibrosis 

(42,64). 

Immunhistochemical/immunofluorescence findings support a role of the 

complement system in perpetuating glomerular injury in IgAN (65). The presence of 

glomerular complement component 3 (often in the same distribution as IgA) and 

absence of C1q suggest activation of the lectin and/or alternative pathways (42).  

 

10.3 The Oxford Classification 

 

Kidney biopsy with histopathological classification of IgAN remains the cornerstone 

for diagnosing IgAN, evaluating disease severity and guiding appropriate 

therapeutic strategies (8). In 2009, the International IgA Nephropathy Network and 

Renal Pathology Society published the Oxford Classification of IgAN developed in 
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a cohort of 265 adults and children of Caucasian and East Asian ethnicity with IgAN 

(1,59,66). In the original Oxford Classification, three reproducible histopathological 

variables were identified to be independently predictive of poor renal outcome: 

mesangial hypercellularity (M), segmental glomerulosclerosis (S), and interstitial 

fibrosis and tubular atrophy (T) (1,59,66). In patients with endocapillary 

hypercellularity (E), renal dysfunction was significantly lower in those receiving 

immunosuppressive therapy. Finally, the original Oxford Classification proposed 

four parameters, including mesangial (M) and endocapillary hypercellularity (E), 

segmental glomerulosclerosis (S), and interstitial fibrosis and tubular atrophy (T), 

summarized as the so-called MEST score (1,59,66). Mesangial hypercellularity is 

defined as ≥3 cells per peripheral mesangial area (M) (67). Endocapillary 

hypercellularity (E) is defined as increased numbers of cells within the glomerular 

capillaries causing luminal narrowing (67). In the S category (S), the presence of 

segmental glomerular sclerosis should be assessed. In the T category (T), tubular 

atrophy/interstitial fibrosis in the cortical area should be determined as T1 when 26-

50% is involved and as T2 in cases showing >50% of tubular atrophy/interstitial 

fibrosis (1,59,68). 

 The MEST scoring system offered the first opportunity to use histology to 

predict renal outcome independent of proteinuria, blood pressure and eGFR (1). In 

2014, the association of M1, S1 and T1/2 with renal outcomes and the association 

of M1 and E  with subsequent increase in proteinuria was further confirmed by the 

European Validation Study of the Oxford Classification of IgAN (VALIGA) study (68). 

However, in the original Oxford study cohort, only 265 adults and children of 

Caucasian and East Asian ethnicity were included, and the cohort was selected to 

be enriched for typical slowly progressive IgAN (1,66). Advanced cases with an 

estimated glomerular filtration rate (eGFR) <30 ml/in per 1.73 m2, those with 

dominant glomerulosclerosis and interstitial fibrosis as well as rapidly progressive 

cases, in which crescents might more likely be predictive of outcome, were excluded 

from the study (1,66). Numerous validation studies proved the significant effect of 

the histopathological lesions on renal outcome (59,68). Notably, the T lesion was a 

more consistent predictor of renal outcome than M and S lesions when ESRD was 

evaluated (59). 
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The original Oxford Classification did not account for the presence of 

glomerular crescents, since in the original Oxford study (1) and in several validation 

studies with similarly restrictive entry criteria (69–72) crescents were not found to 

be an independent predictor of renal outcomes (9). Cellular glomerular crescents 

are defined by extracapillary cell proliferation of more than two cell layers with more 

than 50% of the lesion occupied by cells (8,67). In fibrocellular crescents, the 

extracapillary lesion comprises of cells and extracellular matrix with more than 50% 

cells and less than 90% matrix and in fibrous crescents more than 90% matrix is 

present (8,67). Thus, glomerular crescents can be sub-classified by their 

predominant components in cellular, fibrocellular or fibrous crescents (8,67), 

reflecting the dynamic process of glomerular crescent formation. 

In the updated Oxford study, the presence of at least 25% of crescents (C1) was 

significantly predictive of poor renal outcome in patients not receiving 

immunosuppressive therapy, but not in patients under immunosuppression (59). 

The C2 category identified patients at risk of poor renal outcome regardless of 

Figure 3: Representative images of glomerula showing A) mesangial hypercellularity (M1); B) endocapillary 
hypercellularity (E1); C) segmental glomerulosclerosis (S1); D) cellular crescent (C) 
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immunosuppressive therapy (59). Since 2017, an additional C-category in the 

original MEST score for the presence glomerular crescents is recommended: C0 

(no crescents), C1 (crescents in less than one fourth of glomeruli), and C2 

(crescents in over one fourth of glomeruli), summarized as the modified MEST-C 

score (9). Images of representative glomeruli showing histopathological changes 

typical of IgAN are shown in Figure 3. Figure 4 shows representative 

immunohistochemical staining pattern of IgA and c3c.  

 

 

 

10.4 Therapy and Future Therapeutic Approaches 

 

The optimal therapeutic approach of IgA nephropathy is uncertain (73,74). However, 

the global nonprofit organization Kidney Disease Improving Global Outcomes 

(KDIGO) developed guidelines for the optimal treatment of patients with kidney 

diseases such as IgAN. They recommend two major approaches to treat IgAN. 

General interventions (not specific to IgAN) to slow progression include blood 

pressure control with angiotensin-converting enzyme (ACE) inhibitors or 

angiotensin II receptor blockers in patients with proteinuria. Furthermore, they 

include lifestyle modifications, such as dietary sodium restriction, smoking 

cessation, and weight loss. The individual cardiovascular risk should additionally be 

assessed. Alternatively, therapy with glucocorticoids with or without other 

A B 

Figure 4: Representative images showing immunohistochemical staining with the antibody against IgA (A) and 
c3c (B). Note the granular staining pattern of IgA and c3c within the mesangium 
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immunosuppressive agents to treat the underlying inflammatory disease might be 

used (75). The general interventions are used in all patients at risk for progression 

(i.e. with proteinuria), while immunosuppressive therapy is used in selected patients. 

According to a multi-center study, comparing the effects of immunosuppressive  and 

supportive therapy, patients with high risk IgAN (e.g. eGFR<30ml/min/1,73m2, 

diabetes, obesity (BMI>30kg/m2), latent infections, secondary disease, active peptic 

ulceration, uncontrolled psychiatric illness, severe proteinuria, and hypertension) 

receiving additional immunosuppression did not show significant renal outcome but 

showed even adverse effects (76). Reducing obesity has been shown to contribute 

to ameliorate proteinuria in IgAN (77,78). 

 The use of immunosuppressive therapy is being controversially debated. 

Although early studies suggest the use of corticosteroids to improve clinical outcome 

(5,68,79,80), other studies underline the possible adverse effects of 

immunosuppressive agents (81). According to the VALIGA study, the use of 

corticosteroids reduces the risk of disease progression proportional to proteinuria 

(5,68). In severe cases most trials describe a beneficial effect of corticosteroids on 

renal survival, reduction in the risk of progressive renal dysfunction, and risk of renal 

failure (79–81). However, these studies reported certain confounding factors, mostly 

that the use of RAS blockage had not been conducted uniformly (79–81). 

As the underlying pathomechanisms of IgAN are being more and more deciphered, 

future therapeutic approaches for IgAN are now being developed. In the NEFIGAN 

study, a novel targeted-release formulation of budesonide designed to deliver the 

drug to the distal ileum has been shown to reduce proteinuria in patients with IgA 

nephropathy when added to optimized RAS blockade. (82). 

Two novel therapeutic agents interfering with cytokine signaling pathways are 

currently under clinical evaluation. Blisibimod, a selective peptibody antagonist of 

the cytokine B cell activating factor (BAFF), is under investigation in a phase 2, 

randomized, double-blind, placebo-controlled trial to test its protective effect on 

proteinuria aggravation when subcutaneously administered (ClinicalTrials.gov 

Identifier: NCT02062684). Atacicept is a humanized recombinant TACI-IgGFc 

fusion protein with anti-APRIL and anti-BAFF activity (75).  
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Toll-like receptor-9 (TLR-9) is thought to play a role in IgAN pathogenesis as its 

blockage via Hydroxychloroquine, a potent TLR-9 inhibitor, has shown to ameliorate 

proteinuria in IgAN patients (83–85). 

Moreover, Fostamatinib as a selective spleen tyrosine kinase (Syk) inhibitor 

is effective in decreasing pro-inflammatory cytokine response, damage, and 

inflammation of the renal tissue (86,87). Autophosphorylation and 

transphosphorylation of SYK tyrosine residues, and subsequent activation of 

downstream targets has been detected in IgAN patients. Its upregulation apparently 

correlates with serum creatinine and histological lesions of disease activity in IgAN 

(ClinicalTrial.gov Identifier: NCT02112838) (88). 

Furthermore, the impact of the complement system activation in IgAN can be 

targeted with Eculizumab, a monoclonal recombinant, fully humanized hybrid 

IgG2/IgG4 antibody, by binding complement C5 and hence interrupting the 

formation of the membrane attack complex (MAC) (42). Early initiation of 

Eculizumab in patients with progressive IgA nephropathy has been shown to have 

a beneficial effect on renal function and proteinuria by blocking complement-

mediated renal inflammation (89,90). 

Another possible therapeutic agent might be a monoclonal antibody against 

mannan-binding lectin-associated serine protease-2 (MASP-2) called OMS721.  As 

MASP-2 acts as the effector enzyme of the lectin pathway of the complement 

system, its blockage might lead to amelioration of proteinuria in IgAN patients (42). 
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11 Aims of this Study 
 

We aimed to validate the prognostic value of the different histopathological 

categories of the modified Oxford Classification (MEST-C score), with special 

emphasis on crescentic lesions, on renal survival in our IgAN study cohort. In 

addition, histological findings were correlated with available clinical data, such as 

proteinuria, hematuria, systolic as well as diastolic blood pressure, estimated 

glomerular filtration rate, and serum creatinine. 
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12 Materials and Methods 

12.1 Ethic Statement 

 

The study was approved by the local Ethics Committees (ethics approval IDs: 32-

193 ex 19/20) in accordance with the ethical guidelines of the 1975 Declaration of 

Helsinki.  

 

 

12.2 Study Cohort 

 

From January 1st in 2002 to December 31st in 2018, 349 patients were diagnosed 

with IgA nephropathy via renal biopsy at the Institute of Pathology, Medical 

University of Graz. Patients under the age of 18 years, patients with Schoenlein-

Henoch purpura and secondary causes of mesangial IgA deposition, such as IgA-

dominant acute post-infectious glomerulonephritis and systemic lupus 

erythematosus, were excluded from this study (n=46). Patients with incomplete 

clinical follow-up data (n=31) or ongoing treatment in different clinical centers with 

insufficient available clinical data, were considered ineligible for further analyses 

(n=67).  

We included patients regardless of their rate of clinical parameters, such as 

estimated glomerular filtration rate (eGFR) and creatinine at time of biopsy (tob) and 

after a minimum follow-up period of 12 months. 

Cases with clear histopathological and immunohistochemical glomerular 

features diagnostic of IgAN, irrespective of the number of present glomeruli on 

biopsy examination, were included into the analyses. Overall, a total of 205 patients 

were included in this study.  

 

12.3 Data Collection 

 

For data collection we used the electronic communication and information network 

for the Styrian federal state hospitals and the Medical University of Graz, called 

“MEDOCS”. 
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Demographic, histopathological parameters and clinical data, such as gender, 

age, proteinuria, gross hematuria, eGFR, systolic and diastolic blood pressure, and 

serum creatinine levels were collected at the time of renal biopsy and after a 

minimum follow-up period of 12 months. Use of antihypertensive and/or 

immunosuppressive therapies was documented for each patient. Presence of 

proteinuria was measured as either the amount of protein within a 24-hour urine 

collection (g/24hrs) or as protein to gram creatinine ratio (mg/g Crea) and defined 

as present or absent. Gross hematuria was measured by urine analysis and defined 

as present or absent. Using the CKD-EPI equation the eGFR was calculated (91) 

and defined as ml/min/1,73m2. Serum creatinine was measured using blood 

samples and defined as (mg/dl). After a minimum follow-up period of 12 months 

clinical data were recollected and documented.  

 

12.4 Renal Biopsy Evaluation 

 

Each kidney biopsy specimen was fixed in formalin and routinely processed for light 

microscopy and immunohistochemical analyses. Light microscopic examination 

was performed on three micron serial sections of each biopsy after performing 

hematoxylin eosin, periodic acid-Schiff, aldehyde fuchsin orange G, and periodic 

acid-silver methenamine stains. For immunohistochemical analyses, each section 

was stained with antibodies against the immunoglobulins, IgG, IgA and IgM as well 

as with antibodies against factors of the complement cascade, including c1q, c3c, 

c4d and c5b-9 (1:20, DAKOCytomation, Glostrup, Denmark). 

All renal biopsy specimens were re-assessed by a single pathologist 

according to the modified Oxford Classification. Mesangial cellularity was scored 0 

(0-3 mesangial cells/mesangial area), 1 (4–5 cells), 2 (6–7 cells), and 3 (more than 

8 cells) for each glomerulus (1). Segmental glomerulosclerosis (S1) is characterized 

by a segmental increase in the glomerular matrix with obliteration of capillary lumen 

with or without hyalinosis or presence of foam cells (1). Endocapillary 

hypercellularity (E1) is defined by cell proliferation within glomerular capillary lumina, 

causing narrowing of the lumina (1). Tubular atrophy is defined by thick irregular 

tubular basement membranes with decreased diameter of tubules. It is scored 

according to the percentage of cortical area involvement as T0 (0–25% of cortical 
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area), T1 (26–50% of cortical area), or T2 (>50% of cortical area) (1). Interstitial 

fibrosis is defined as increased extracellular matrix separating tubules in the cortical 

area. As tubular atrophy, it is scored as percentage involvement (1). Crescentic 

lesions are defined as extracapillary cell proliferation of more than two cell layers 

with >50% of the lesion occupied by cells as C0 (absence of crescents), C1 

(crescents in 0-25% of glomeruli), or C2 (crescents in ≥25% of glomeruli). 

Immunohistochemical analyses were re-evaluated by a single pathologist. In 

addition, each biopsy specimen was scored for the distinct presence of c3c deposits 

in semiquantitative fashion according to staining intensity. 

 

12.5 Study Outcomes 

 

The primary study endpoints are defined as the onset of end stage kidney disease 

(ESKD) and/or 50% decline in eGFR. ESKD is defined as the necessity to perform 

kidney replacement therapy, which is defined as the onset of permanent 

hemodialysis, peritoneal dialysis or kidney transplantation. 

 

 

12.6 Statistical Analysis 

 

We performed statistical analysis using the IBM software SPSS (version 25 and 26). 

To test normal distribution of continuous variables we performed Kolmogorov-

Smirnov test. Quantitative variables and continuous variables are not normally 

distributed and are expressed as median and interquartile range. Categorical 

variables are given as numbers (percentages). For inductive statistical analyses, we 

performed chi-squared test, McNemar test, Mann-Whitney-U test, and Wilcoxon 

rank-sum test. To determine an independent association between histopathological 

parameters and a 50% decline in eGFR, univariate and multivariate linear 

regression analyses were performed.  

We generated renal survival curves with the Kaplan–Meier method, and between-

group survival was compared by using the log-rank test. Moreover, we performed 

binary logistic regression analysis to assess the onset of our endpoints according to 
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metric, and categorical variables. All probabilities are two-tailed, and the level of 

significance was set at 0.05. 
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13 Results 

13.1 Baseline Characteristics: Clinical and Histopathological Data 
at Time of Biopsy 

 

All demographic, clinical, and histopathological characteristics of the IgAN study 

cohort at time of biopsy are presented in Table 1. 

 All 

(n=205) 

M 

(n=205) 

E1 

(n=49) 

S1 

(n=154) 

T1 

(n=34) 

T2 

(n=24) 

C1 

(n=76) 

C2 

(n=34) 

Age (years) 42 (30-

57) 

42 (30-

57) 

47 (30-

57) 

45 (31-

56) 

54 (26-

63) 

47 (26-

57) 

46 (29-

56) 

36 (26-

54) 

Representative 

biopsies (%) 

161 (79) 161 (79) 41 (84) 118 (77) 20 (59) 18 (75) 60 (79) 29 (85) 

Follow-up 

(months) 

84 (48-

144) 

84 (48-

144) 

60 (24-

108) 

72 (36-

144) 

72 (36-

96) 

72 (48-

105) 

84 (48-

168) 

54 (36-

111) 

Male (%) 136 (66) 136 (66) 33 (67) 100 (65) 24 (71) 19 (79) 50 (66) 19 (56) 

Female (%) 69 (34) 69 (34) 16 (33) 54 (35) 10 (29) 5 (21) 26 (34) 15 (44) 

Systolic blood 

pressure 

(mmHg) n=187 

138 

(125-

150) 

138 

(125-

150) 

140 

(125-

160) 

n=43 

140 

(127-

150) 

n=138 

140 

(130-

166) 

n=32 

145 

(135-

160) 

n=23 

140 

(125-

160) 

n=67 

140 

(125-

156) 

n=30) 

Diastolic blood 

pressure 

(mmHg) n=185 

80 (75-

90) 

80 (75-

90) 

85 (79-

95) 

n=42 

80 (75-

90) 

n=136 

84 (78-

91) 

n=30 

85 (80-

90) 

n=23 

84 (75-

94) 

n=66 

85 (80-

93) 

n=29 

Gross 

hematuria (%) 

195 (95) 195 (95) 46 (94) 144 (94) 33 (97) 22 (92) 72 (95) 31 (91) 

Proteinuria (%) 180 (88) 180 (88) 43 (88) 133 (86) 29 (85) 20 (83) 69 (91) 31 (91) 

Estimated 
glomerular 
filtration rate 
(ml/min per 

1.73m2) 

48.9 

(22-

70.5) 

48.9 

(22-

70.5) 

48 (31-

70) 

44 

(26.4-

63.2) 

31.4 

(18.6-

46.1) 

18,7 

(14.4-

26.6) 

44.8 

(23.7-

67) 

34.4 

(18.7-

60) 

Creatinine 

(mg/dl) 

1.53 

(1.08-

2.74) 

1.53 

(1.08-

2.74) 

1.61 

(1.10-

2.40) 

1.61 

(1.24-

2.43) 

2.02 

(1.49-

3.48) 

3.50 

(2.78-

4.39) 

1.60 

(1.18-

2.73) 

1.87 

(1.23-

3.42) 
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>50% 

reduction of 

eGFR 

36 (18) 36 (18) 9 (18) 30 (20) 10 (29) 3 (13) 16 (21) 6 (18) 

Renal survival 
(combined 
event) 

88 (43) 88 (43) 21 (43) 71 (46) 20 (59) 18 (75) 34 (45) 15 (44) 

Table 1: Baseline characteristics of the subjects according to the Oxford Classification at the time of biopsy. 
Abbreviations: E1: presence of endocapillary hypercellularity; M1: mesangial hypercellularity >0.5; S1: 
presence of segmental glomerulosclerosis; T1: tubular atrophy/interstitial fibrosis 26–50% of cortical area; T2: 
tubular atrophy/interstitial fibrosis >50% of cortical area; C1: crescentic lesions in <25% of glomeruli; C2: 
crescentic lesions in >25% of glomeruli. 
Note: Values are expressed as median (interquartile range) or numbers (percentage). 

 

Median age of our IgAN patients was 42 years (18– 85 years, SD ±16 years). 120 

(58.5%) patients were younger and 85 (41.5%) patients older than 50 years. The 

youngest patient was 18, the oldest 85 years old. Two peaks in age distribution were 

observed: the first between 25 and 30 years and another between 50 and 55 years, 

respectively (Figure 5). 

 
Figure 5: Age distribution of the IgAN cohort 

 
Among all patients younger than 50 years (n=120), 30 patients (25.0%) showed 

endocapillary hypercellularity (E1), 89 patients (74.2%) segmental sclerosis (S1), 

12 patients (10.0%) tubular atrophy/interstitial fibrosis in 26-50% of cortical area 

(T1), and 14 patients (11.7%) showed tubular atrophy/interstitial fibrosis in >50% of 

cortical area (T2). In 44 patients (36.7%) crescents in 0-25% of glomeruli (C1), and 

in 22 patients (18.3%) crescents in >25% of glomeruli (C2) were detected. In IgAN 
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patients older than 50 years(n=85), 19 patients (22.4%) showed endocapillary 

hypercellularity (E1), 65 patients (76.5%) segmental sclerosis (S1), 22 patients 

(25.9%) tubular atrophy/interstitial fibrosis in 26-50% of cortical area (T1) and 10 

patients (11.8%) showed tubular atrophy/interstitial fibrosis in >50% of cortical area 

(T2) (Table 2). In 32 patients (37.6%) crescents in 0-25% of glomeruli (C1), and in 

12 patients (14.1%) crescents in >25% of glomeruli (C2) were noted. Patient age 

did not correlate with the amount of tubular atrophy/interstitial fibrosis (p-

value=0.210). 

 T0, 0-25% 

tubular 

atrophy/interstitial 

fibrosis 

T1, 25-50% 

tubular 

atropy/interstitial 

fibrosis 

T2, >50% 

tubular 

atropy/interstitial 

fibrosis 

<50 years 94 12 14 

>50years 53 22 10 

Table 2: Degree of tubular atrophy/interstitial fibrosis of the cortical area according to the age 

 

Our study cohort includes 69 (33.7%) female and 136 (66.3%) male IgAN 

patients (Figure 6). Gender distribution shows a male to female ratio of 2:1. Gender 

specific age distribution shows two peaks among male patients, the first peak 

between 20 to 25 years and another peak between 50 to 60 years, respectively. 

However, among female patients, age distribution showed only one peak at the age 

between 25 to 35 years (Figure 7). 
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Figure 6: Gender distribution 

 
Figure 7: Gender specific age distribution 

 
When comparing female to male IgAN patients, similar data for the presence of 

endocapillary (E1) and crescentic lesions (C1) as well as for the presence of 

segmental glomerulosclerosis (S1) and tubular atrophy/interstitial fibrosis (T1, T2) 

were seen (Table 3).  
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 E0 E1 S0 S1 T0 T1 T2 C0 C1 C2 

Female 
n=69 

53 16 15 54 54 10 5 28 26 15 

Male 
n=136 

103 33 36 100 93 24 19 67 50 19 

Table 3: Gender-specific histopathological parameters (according to the modified Oxford Classification) 

 

Kidney biopsies with at least 8 glomeruli were available in 161 cases (78.5%), 

respectively. Median follow-up period was 84 months (18 – 204 months).  

 In 49 IgAN cases (23.9%), endocapillary hypercellularity (E1) was seen. 154 

(75.1%) cases showed segmental glomerulosclerosis (S1). Tubular atrophy and 

interstitial fibrosis in up to 50% (T1) and more than 50% (T2) of the cortical area was 

noted in 34 (16.6%) and 24 (11.7%) cases, respectively. Crescentic lesions in up to 

25% (C1) of the glomeruli were found in 76 (37.1%) cases, and crescents in over 

25% of the glomeruli (C2) were found in 34 (16.6%) patients, respectively. 

Cellular crescents were present in 31 (15.1%) and fibro-cellular crescents 

present in 46 (22.4%) biopsies. In 16 (7.8%) biopsies, fibrous crescentic lesions 

were found. 

 Immunohistochemical analysis with the antibody against c3c showed a 

granular mesangial expression pattern in 147 patients (71.7%).  

A decline in eGFR over 50% was noted in 36 patients (17.6%) (Figure 8). 

Among these, 9 patients (25%) showed endocapillary hypercellularity (E1), 30 

patients (83.3%) showed segmental glomerulosclerosis (S1), respectively. In 13 

patients (36.1%), tubular atrophy/interstitial fibrosis in more than 25% of cortical 

area (T1 and T2), and in 22 patients (61.1%) crescents in at least 25% of glomeruli 

(C1 and C2) was detected. 
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Figure 8: Number of patients with >50% reduction of eGFR after follow-up 

 

88 (43%) IgAN patients experienced a combined event, defined as a reduction of 

eGFR over 50% and/or the onset of ESKD (Figure 9). We recorded 62 (70.4%) male 

and 26 (29.6%) female patients who reached said combined event. Among these, 

21 patients (23.9%) showed endocapillary hypercellularity (E1) and 71 patients 

(80.7%) showed segmental glomerulosclerosis (S1), respectively. In 38 patients 

(43.2%) tubular atrophy/interstitial fibrosis in 26-50% of cortical area (T1), in 18 

patients (20.5%) tubular atrophy/interstitial fibrosis in >50% of cortical area (T2), in 

34 patients (38.6%) crescents in 0-25% of glomeruli (C1), and in 15 patients (17%) 

crescents in >25% of glomeruli was detected, respectively. 

55 (62.5%) of our IgAN patients underwent kidney transplantation. 
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Figure 9: Number of patients experiencing a combined event (onset of ESKD and/or ≥50% reduction of eGFR) 

 
Median systolic blood pressure of our IgAN patients at time of biopsy was 

138 mmHg (125-150 mmHg). Patients with endocapillary hypercellularity (E1, n=43) 

showed a median systolic blood pressure of 140 mmHg (125-160 mmHg). In 

patients with segmental glomerulosclerosis (S1, n=138) median systolic blood 

pressure was 140 mmHg (127-150 mmHg). Patients with tubular atrophy/interstitial 

fibrosis in ≥25% of cortical area (T1/T2, n=32/n=23) showed a median systolic blood 

pressure of 140 mmHg (130-166 mmHg) and 145 mmHg (135-160 mmHg), 

respectively. Patients with crescentic lesions (C1/C2, n=67/n=30) showed a median 

systolic blood pressure of 140 mmHg (125-160 mmHg) and 140 mmHg (125-156 

mmHg), respectively. Median diastolic blood pressure of our IgAN study cohort was 

80 mmHg (75-90 mmHg). Patients with endocapillary hypercellularity (E1, n=42) 

showed a median diastolic blood pressure of 85 mmHg (79-95 mmHg). Patients with 

segmental glomerulosclerosis (S1, n=136) showed a median diastolic blood 

pressure of 80 mmHg (75-90 mmHg). Patients with tubular atrophy in ≥25% of 

cortical area (T1/T2, n=30/n=23) showed a median diastolic blood pressure of 84 

mmHg (78-91 mmHg) and 85 mmHg (80-90 mmHg), respectively. Patients with 

crescentic lesions (C1/C2, n=66/n=29) showed a median diastolic blood pressure 

of 84 mmHg (75-94 mmHg) and 85 mmHg (80-93 mmHg), respectively.  
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 Gross hematuria was noted in 195 patients (95%) at time of biopsy. Among 

these, in 46 patients (23.6%) endocapillary hypercellularity (E1), in 144 patients 

(73.8%) glomerulosclerosis (S1), in 55 patients (28.2%) tubular atrophy/interstitial 

fibrosis in at least 26% of cortical area (T1 and T2), and in 103 patients (52.8%) 

crescentic lesions (C1 and C2) was detected. 

 Proteinuria was noted in 180 patients (88%) at time of biopsy. Among these, 

in 43 patients (23.9%) endocapillary hypercellularity (E1), in 133 patients (73.9%) 

glomerulosclerosis (S1), in 49 patients (27.2%) tubular atrophy/interstitial fibrosis in 

at least 26% of cortical area (T1 and T2), and in 100 patients (55.6%) crescentic 

lesions (C1 and C2) was detected. 

 Median eGFR was 48.9 ml/min/1.73m2 (22 – 70.5 ml/min/1.73m2). In patients 

with endocapillary hypercellularity (E1), segmental glomerulosclerosis (S1), tubular 

atrophy/interstitial fibrosis in at least 26% of cortical area (T1 and T2), and crescentic 

lesions (C1 and C2), median eGFR was 48 ml/min/1.73m2 (31-70 ml/min/1.73m2), 

44 ml/min/1.73m2  (26.4-63.2 ml/min/1.73m2), 23 ml/min/1.73m2 (16.8-36.5 

ml/min/1.73m2), 44.2 ml/min/1.73m2 (22.4-63.9 ml/min/1.73m2, respectively. 

 Median serum creatinine level was 1.53 mg/dl (1,08 - 2,74 mg/dl) at time of 

biopsy. In patients with endocapillary hypercellularity (E1), segmental 

glomerulosclerosis (S1), tubular atrophy/interstitial fibrosis in at least 26% of cortical 

area (T1 and T2), and crescentic lesions (C1 and C2), median serum creatine was 

1.61 mg/dl (1.10-2.40 mg/dl), 1.61 mg/dl (1.24-2.43 mg/dl), 2.87 mg/dl (1.87-3.79 

mg/dl), 1.61 mg/dl (1.21-2.88 mg/dl), respectively. 

 

 

13.2 Comparison of Histological Findings among Groups 
According to the Modified Oxford Classification at Time of 
Biopsy 

 

For further analyses, IgAN patients were summarized in histopathological 

subgroups according to the histopathological categories following the modified 

Oxford Classification. The comparison of histopathological findings among the 

groups is given in Table 4. 
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Pathological 
variables according 
to the modified 
Oxford Classification 

All M1 E1 S1 T1 T2 C1 C2 

M1 205 

(100) 

205 

(100) 

49 

(100) 

154 

(100) 

34 

(100) 

24 

(100) 

76 

(100) 

34 

(100) 

E1 49 

(24) 

49 

(24) 

49 

(100) 

42 

(27) 

12 

(35) 

6 

(25) 

22 

(29) 

18 

(53) 

S1 154 

(75) 

154 

(75) 

42 

(86) 

154 

(100) 

30 

(88) 

22 

(92) 

67 

(88) 

29 

(85) 

T1 34 

(17) 

34 

(17) 

12 

(25) 

30 

(20) 

34 

(100) 

 15 

(20) 

6 

(18) 

T2 24 

(12) 

24 

(12) 

6 

(12) 

22 

(14) 

 24 

(100) 

8 

(11) 

8 

(24) 

C1 76 

(37) 

76 

(37) 

22 

(45) 

67 

(44) 

15 

(44) 

8 

(33) 

76 

(100) 

 

C2 34 

(17) 

34 

(17) 

18 

(37) 

29 

(19) 

6 

(18) 

8 

(33) 

 34 

(100) 

Immunohistochemical 

C3c-positive deposits 

147 

(72) 

147 

(72) 

38 

(78) 

115 

(75) 

28 

(77) 

16 

(67) 

62 

(82) 

24 

(71) 

Table 4: Comparison of histopathological findings among the groups according to the modified Oxford 
Classification 

 
 In 42 out of 49 IgAN cases (85.7%) with endocapillary hypercellularity (E1), 

additional segmental glomerulosclerosis (S1) was seen. In 18 cases (36.7%) 

additional tubular atrophy/interstitial fibrosis of more than 25% of the cortical area 

and in 40 cases (81.6%) additional crescentic lesions (C1, C2) were detected.  

 In 42 out of 154 IgAN cases (27.3%) with segmental glomerulosclerosis (S1), 

additional endocapillary hypercellularity (E1) was seen. In 52 cases (33.8%) 

additional tubular atrophy/interstitial fibrosis of more than 25% of the cortical area 

and in 96 cases (62.3%) additional crescentic lesions (C1, C2) were detected. 

 In 18 out of 58 IgAN cases (31%) with tubular atrophy/interstitial fibrosis of 

more than 25% of the cortical area (T1, T2), additional endocapillary hypercellularity 



 

 44 

(E1) was seen. In 52 cases (89.7%) additional segmental glomerulosclerosis and in 

37 cases (63.8%) additional crescentic lesions (C1, C2) were detected. 

 In 40 out of 110 IgAN cases (36.4%) with crescentic lesions (C1, C2), 

additional endocapillary hypercellularity (E1) was seen. In 96 cases (87.3%), 

additional segmental glomerulosclerosis (S1) and in 37 cases (33.6%), additional 

tubular atrophy/interstitial fibrosis in more than 25% of the cortical area (T1, T2) was 

detected.  

 Among the 147 c3c-positive renal biopsies, 38 cases (25.9%) showed 

endocapillary hypercellularity (E1), 115 cases (78%) showed segmental 

glomerulosclerosis (S1), 42 cases (28.6%) showed parenchymal atrophy of more 

than 25% (T1, T2) and in 86 cases (58.5%) crescentic lesions (C1, C2) were 

present, respectively 

 

 

13.3 Development of Clinical Parameters after Follow-Up  

 

The development of clinical parameters in relation to the different histological 

findings according to the modified Oxford Classification after a minimum follow-up 

period of 12 months is shown in Table 5. 

 

 All 

(n=150) 

M 

(n=150) 

E1 

(n=35) 

S1 

(n=108) 

T1 

(n=22) 

T2 

(n=11) 

C1 

(n=53) 

C2 

(n=26) 

Systolic blood 

pressure (mmHg) 

n=139 

130 

(120-

147) 

130 

(120-

147) 

134 

(122-

148) 

n=31 

130 

(120-

145) 

n=104 

131 

(117-

149) 

n=20 

144 

(134-

156) 

n=10 

130 

(120-

146) 

n=50 

134 

(120-

145) 

n=24 

Diastolic blood 

pressure (mmHg) 

n=137 

80 (75-

90) 

80 (75-

90) 

80 (75-

90) 

n=31 

80 (74-

87) 

n=102 

80 (70-

80) 

n=20 

75 (67-

85) 

n=9 

80 (75-

86) 

n=49 

80 (70-

90) 

n=23 

Gross hematuria 

(%) 

97 (65) 97 (65) 24 (69) 69 (64) 13 (59) 6 (55) 37 (70) 17 (65) 

Proteinuria (%) 98 (65) 98 (65) 21 (60) 77 (71) 13 (59) 6 (55) 39 (74) 21 (81) 

Estimated 

glomerular filtration 

rate 

(ml/min per 1.73m2)  

51.3 

(24-

79.1) 

51.3 

(24-

79.1) 

62.6 

(25.3-

82) 

48 

(22.7-

67.7) 

25.3 

(18.5-

38.6) 

21.4 

(10.3-

24) 

51 

(23.1-

68.7) 

56.8 

(21.4-

80) 
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Creatinine (mg/dl) 1.43 

(1.02-

2.52) 

1.43 

(1.02-

2.52) 

1.28 

(0.97-

2.57) 

1.54 

(1.09-

2.58) 

2.45 

(1.85-

3.32) 

3.03 

(2.50-

5.12) 

1.52 

(1.08-

2.63) 

1.43 

(0.95-

2.66) 

Treatment (%)         

Antihypertensive 

therapy 

132 (88) 132 (88) 34 (97) 97 (90) 19 (86) 11 

(100) 

49 (93) 25 (96) 

Immunosuppressive 

therapy 

70 (47) 70 (47) 20 (57) 50 (46) 14 (64) 3 (27) 31 (59) 18 (69) 

Table 5: Baseline characteristics of the patients after a minimum follow-up period of 12 months. 
Abbreviations: E1: presence of endocapillary hypercellularity; M1: mesangial hypercellularity >0.5; S1: 
presence of segmental glomerulosclerosis; T1: tubular atrophy/interstitial fibrosis 26–50% of cortical area; T2: 
tubular atrophy/interstitial fibrosis >50% of cortical area; C1: crescentic lesions in <25% of glomeruli; C2: 
crescentic lesions in >25% of glomeruli. 
Note: Values are expressed as median (interquartile range) or numbers (percentage). 
 

Median follow-up of the study cohort was 84 months (12– 204 months). Median 

systolic blood pressure after follow-up was 130 mmHg (120 – 147mmHg). Wilcoxon 

rank-sum test showed that median systolic blood pressure of IgAN patients 

significantly decreased in the study cohort over time (p-value=0.044). Median eGFR 

also showed a significant decrease over the course of follow-up (p-value=0.025). 

Median diastolic blood pressure, as well as median serum creatinine did not change 

significantly during follow-up. There were no significant changes in median systolic 

and diastolic blood pressure, median eGFR, as well as median serum creatinine for 

patients with or without endocapillary hypercellularity (E1). Whereas patients with 

segmental glomerulosclerosis (S1) showed a significant decrease in systolic blood 

pressure (p-value=0.006), in diastolic blood pressure (p-value=0.032), and in 

median eGFR (p-value=0.010). In patients lacking segmental glomerulosclerosis, 

no statistically significant changes in blood pressure, eGFR, and serum creatinine 

was seen. In patients showing tubular atrophy/interstitial fibrosis in up to 50% (T1) 

of cortical area, a significant decrease in systolic blood pressure (p-value=0.0.30) 

and eGFR (p-value=0.0.33) after follow-up was found, respectively. In patients 

showing tubular atrophy/interstitial fibrosis in over 50% of cortical area no 

statistically significant changes in blood pressure, eGFR, and serum creatinine was 

seen. In cases lacking crescentic lesions (C0), no statistically significant changes in 

blood pressure, eGFR or serum creatinine were seen. However, in patients showing 

crescents in <25% of the glomeruli (C1), a significant decrease of systolic blood 

pressure (p-value=0.027) and eGFR (p-value=0.0249) was noted after follow-up. In 

patients showing crescents in >25% of the glomeruli (C2), blood pressure, eGFR, 

and serum creatinine did not change significantly over the course of follow-up. 
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 In 98/150 patients (65%), proteinuria was detectable after a follow-up of at 

least 12 months. McNemar test showed a significant decrease of proteinuria for 

IgAN patients after follow-up (p-value<0.001). In patients with (E1) (p-value=0.049) 

and without endocapillary hypercellularity (E0) (p-value<0.001) a significant 

decrease of proteinuria was seen after follow-up. In patients lacking (S0) and 

showing segmental glomerulosclerosis (S1), a significant reduction of proteinuria 

was noted after follow-up (p-value<0.001 for S0 and p-value=0.024 for S1), 

respectively. 

 Patients lacking tubular atrophy/interstitial fibrosis showed a significant 

decrease in proteinuria after follow-up (p-value<0.001). Among IgAN patients 

showing tubular atrophy/interstitial fibrosis in at least 25% of cortical area (T1 and 

T2) no significant change in proteinuria over the course of follow-up was seen. 

Biopsies lacking crescentic lesions (C0) recorded a significant reduction of 

proteinuria after follow-up (p-value<0.001). Patients showing crescents in <25% of 

the glomeruli (C1) recorded a statistically significant decrease of proteinuria as well 

(p-value=0.022). Patients showing crescents in >25% of the glomeruli showed no 

significant change in proteinuria.  

 In 97/150 patients (65%), gross hematuria was detectable after follow-up. 

McNemar test showed a significant decrease of hematuria in patients with IgAN (p-

value<0.001). In patients with E lesions (E1) (p-value=0.039) and without E lesions 

(p-value<0.001) a significant reduction of hematuria over the course of follow-up 

was seen. Among IgAN patients lacking (S0) and patients showing segmental 

glomerulosclerosis (S1), a significant reduction of visible hematuria was noted (p-

value<0.001) and (p-value<0.001), respectively. Patients without significant tubular 

atrophy/interstitial fibrosis showed a significant reduction in hematuria after follow-

up (p-value<0.001). In patients showing tubular atrophy/interstitial fibrosis in up to 

50% of the cortical area (T1), a significant decrease of hematuria was noted (p-

value0.008). In patients showing tubular atrophy/interstitial fibrosis in over 50% of 

the cortical area (T2) no statistically significant change in hematuria was found. In 

patients lacking crescentic lesions (C0) as well as in patients showing crescents in 

<25% (C1) and >25% (C2) of the glomeruli, hematuria decreased significantly after 

follow-up (p-value<0.001 for C0), (p-value=0.001 for C1), and (p-value=0.039 for 

C2), respectively. 
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13.4 Clinical and Histological Parameters According to the Type 
of Treatment 

 

185/205 IgAN patients (90%) received antihypertensive therapy. Among these, in 

47 patients (25.4%) endocapillary hypercellularity (E1), in 141 patients (76.2%) 

segmental glomerulosclerosis (S1), in 31 patients (16.7%) tubular atrophy/interstitial 

fibrosis in 26-50% of cortical area (T1), in 23 patients (12.4%) tubular 

atrophy/interstitial fibrosis in over 50% of cortical area (T2), in 72 patients (38.9%) 

crescents in <25% of the glomeruli (C1), and in 32 patients (17.2%) crescents in 

>25% of glomeruli (C2) was noted. 

 125/205 IgAN patients (61%) received immunosuppressive treatment. 

Among these, in 34 patients (27.2%) endocapillary hypercellularity (E1), in 96 

patients (76.8%) segmental glomerulosclerosis (S1), in 26 patients (20.8%) tubular 

atrophy/interstitial fibrosis in 26-50% of cortical area (T1), in 16 patients (12.8%) 

tubular atrophy/interstitial fibrosis in over 50% of cortical area (T2), in 54 patients 

(43.2%) crescents in <25% of the glomeruli (C1), and in 26 patients (20.8%) 

crescents in >25% of glomeruli (C2) was noted. 

Univariate analyses revealed that IgAN patients with lower eGFR and higher 

creatinine values at time of biopsy, received immunosuppressive therapy 

significantly more often (p-value<0.001). The use of antihypertensive therapy did 

not correlate with eGFR or serum creatinine at time of biopsy. 

 In a next step, chi-squared test was performed to test whether any 

histopathological category of the modified Oxford Classification correlated with the 

use of antihypertensive or immunosuppressive therapy. IgAN patients with 

crescentic lesions (C1/C2) were significantly more likely to receive antihypertensive 

(p-value=0.039) and immunosuppressive therapy (p-value<0.001), respectively. 
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13.5 Clinical Parameters in Relation to the Modified Oxford 
Classification 

 

 At time of biopsy Rate of renal 

function decline 

(linear 

regression) 

  RRsys (mmHg) Proteinuria (%) eGFR 

(ml/min/1.73m2) 

univariate 

(ml/min/1.73m2 

per year) 

E0 135 (125-48) 137 (88) 45.48 (28.25-

65.46) 

20.10 (6.75-31.70) 

E1 140 (125-160) 43 (88) 48 (31-70.06) 18.25 (7.69-29.09) 

p-value 0.139 0.99 0.746 0.636 

S0 135 (120-143) 47 (92) 55.38 (34.10-87) 22.11 (2.64-38.01) 

S1 140 (127-150) 133 (86) 44.07 (26.37-

63.22) 

18.99 (7.11-29.10) 

p-value 0.062 0.273 0.019 0.436 

T0 130 (121-145) 131 (89) 55.15 (39.76-

81.40) 

21.53 (6.95-34.45) 

T1 140 (130-166) 29 (85) 31.41 (18.60-

46.12) 

15.49 (6.76-24.00) 

T2 145 (135-160) 20 (83) 18.73 (14.36-

26.61) 

11.80 (4.00-15.10) 

p-value <0.001 0.643 0.003 0.055 

C0 130 (125-145) 80 (84) 48 (32.86-79.78) 20.51 (6.68-31.89) 

C1 140 (125-160) 69 (91) 44.82 (23.66-

67.03) 

19.86 (7.91-31.70) 

C2 140 (125-156) 31 (91) 34.41 (18.71-60) 16.10 (5.60-28.09) 

p-value 0.099 0.343 0.112 0.447 

Table 6: Comparison of clinical parameters at the time of kidney biopsy and decline rate of renal function 
according to the modified Oxford Classification 

 

Mann-Whitney-U test was performed to test the association of the histopathological 

categories of the modified Oxford Classification with the clinical parameters at time 

of biopsy (Table 6). In IgAN patients with endocapillary hypercellularity (E1), only 

diastolic blood pressure at time of biopsy was significantly higher compared to 

patients lacking endocapillary hypercellularity (E0, p-value=0.041). In cases with 

segmental glomerulosclerosis (S1), patients showed significantly higher diastolic 

blood pressure at time of biopsy (p-value=0.038), significantly lower eGFR at time 
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of biopsy (p-value=0.019), significantly higher eGFR after follow-up (p-

value=0.002), significantly higher creatinine at time of biopsy (p-value=0.026) and 

after follow-up (p-value=0.006), respectively. Tubular atrophy/interstitial fibrosis 

(T1/T2) significantly correlated with higher systolic blood pressure (p-value<0.001), 

lower eGFR (p-value=0.003) and higher serum creatinine (p-value=0.001) at time 

of biopsy. The presence of crescentic lesions (C1/2) showed a statistically 

significant association with diastolic blood pressure at time of biopsy. Diastolic blood 

pressure at time of biopsy was significantly higher (p-value=0.007) in patients with 

crescentic lesions (C1/C2). Furthermore, the presence of crescentic lesions (C1/C2) 

did not show a significant correlation with hematuria or proteinuria at time of biopsy 

and after follow-up. 
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13.6 Prognostic Value of Clinical Parameters, Histological 
Lesions, and Therapeutic Regimen for Renal Outcome 

 

After a median follow-up of 84 months (12- 204 months), 88/205 (42.9%) IgAN 

patients reached the primary study endpoint, 36/205 patients (18%) developed a 

50% decline in eGFR, 55/205 (27%) patients underwent kidney transplantation, and 

77/205 (38%) patients required permanent hemodialysis or peritoneal dialysis, 

respectively. 

 In univariate analysis, neither systolic nor diastolic blood pressure at time of 

biopsy and after follow-up showed significant impact on renal survival. A significant 

effect on renal failure could be seen in univariate analysis for low eGFR at time of 

biopsy and high levels of serum creatinine at time of biopsy (p-value<0.001), 

respectively. In multivariate analyses, only diastolic blood pressure after follow-up 

(p-value=0.025) and serum creatinine after follow-up (p-value=0.021) remained 

statistically significant. In patients with a 50% decline in renal function, systolic blood 

pressure, diastolic blood pressure, eGFR, and serum creatinine at time of biopsy, 

as well as systolic and diastolic blood pressure after follow-up did not show a 

statistically significant impact. However, low eGFR and high levels of serum 

creatinine after follow-up showed a statistically significant effect on adverse renal 

function (p-value<0.001), respectively. Proteinuria and visible hematuria at time of 

biopsy had no significant effect on renal survival and renal function decline, 

respectively. 

 To test the prognostic value of the histopathological categories of the 

modified Oxford Classification on renal survival, we performed chi-squared tests and 

a multivariate binary logistic regression analysis. Among patients with endocapillary 

hypercellularity (E1, n=49), 9 patients (18.4%) experienced a 50% reduction of renal 

function (p-value<0.05) and 21 patients (42.9%) reached renal failure (p-

value<0.05). However, endocapillary hypercellularity did not prove to be a 

prognostic factor for renal failure and for a 50% decline in renal function.  

 Among patients with segmental glomerulosclerosis (S1, n=154), 30 patients 

(19.5%) showed a reduction of renal function over 50% (p-value<0.05) and 71 

patients (46%) developed renal failure (p-value<0.05). Segmental 
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glomerulosclerosis did not prove to have a significant prognostic impact on renal 

failure and on 50% decline of renal function.  

 Among patients with tubular atrophy/interstitial fibrosis in up to 50% of the 

cortical area (T1, n=34), 10 patients (29.4%) showed a 50% reduction of renal 

function (p-value<0.05) and 20 patients (58.8%) reached renal failure (p-

value<0.05). Among patients with tubular atrophy/interstitial fibrosis in more than 

50% of the cortical area (T2, n=24), 3 patients (12.5%) showed a 50% decline in 

renal function (p-value<0.05) and 18 patients (75.0%) reached renal failure (p-

value<0.05). Tubular atrophy/interstitial fibrosis proved to have a significant impact 

on renal failure. Univariate analysis revealed a significant adverse renal outcome 

concerning the combined event, development of ESKD and 50% reduction of eGFR 

in IgAN patients with T1/T2 lesions (p-value<0.001). In multivariate analysis, 

endocapillary hypercellularity (E1), segmental glomerulosclerosis (S1), and the 

presence of crescentic lesions (C1/C2) did not prove to be statistically significant. 

For tubular atrophy >25% (T1/T2) however, a tend towards adverse outcome was 

noted without reaching statistical significance (p-value=0.070). In patients with a 

50% decline in renal function, T1/T2 lesions did not prove to be a prognostic factor 

for renal outcome (p-value=0.129).  

 Among patients with crescentic lesions in <25% of glomeruli (C1, n=76), 16 

patients (21.1%) showed a 50% reduction of renal function (p-value<0.05) and 34 

patients (44.7%) reached renal failure (p-value<0.05). Among patients with 

crescentic lesions in >25% of glomeruli (C2, n=34), 6 patients (17.6%) showed a 

50% decline in renal function (p-value<0.05) and 15 patients (44.1%) reached renal 

failure (p-value<0.05). Crescentic lesions did not prove to be a significant prognostic 

factor for renal failure and for 50% decline of renal function. 

 Statistical analyses showed divergent findings for the prognostic value of 

crescentic lesions in patients receiving immunosuppressive therapy, depending on 

the number of glomeruli being involved. Patients under immunosuppressive therapy 

lacking crescentic lesions (C0) reached renal failure significantly more often (p-

value<0.001) (Table 7). Patients receiving immunosuppressive therapy with 

crescentic lesions in up to 25% of glomeruli (C1) showed significant worse renal 

survival with a significantly higher number of patients reaching renal failure (p-
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value=0.001) compared to IgAN patients not receiving immunosuppressive 

treatment. (Table 8). 

 

 Patients without 

renal failure 

Patients with 

renal failure 

No 

immunosuppressive 

therapy 

42 8 

Any 

immunosuppressive 

therapy 

14 31 

p-value <0.001 

Table 7: Onset of renal failure according to the use of immunosuppressive therapy in patients lacking 

crescentic lesion (C0) 

 

 Patients without 

renal failure 

Patients with 

renal failure 

No 

immunosuppressive 

therapy 

19 3 

Any 

immunosuppressive 

therapy 

23 31 

p-value 0.001 

Table 8: Onset of renal failure according to the use of immunosuppressive therapy in patients showing 
crescentic lesions in up to 25% of the glomeruli (C1) 

 
However, in patients with more than 25% crescentic lesions (C2), no significant 

impact of immunosuppressive therapy on renal survival was seen compared to IgAN 

patients not receiving immunosuppressive therapy (p-value=0.21). 

 Patients receiving antihypertensive therapy lacking crescentic lesions (C0) 

showed a significantly improved renal survival (p-value=0.005; Table 9). 
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 Patients without 

renal failure 

Patients with 

renal failure 

No antihypertensive 

therapy 

13 1 

Any antihypertensive 

therapy 

43 38 

p-value 0.005 

Table 9: Onset of renal failure according to the use of antihypertensive therapy in patients showing no 
crescentic lesion (C0) 

 

In patients on antihypertensive therapy with up to 25% crescentic lesions (C1), a 

tend towards improved renal failure not reaching statistical significance was found 

(p-value=0.064). In patients showing more than 25% crescentic lesions (C2), no 

significant impact of antihypertensive therapy on renal survival was seen.  

 No significant effect of immunosuppressive and antihypertensive treatment 

on 50% reduction of renal function in IgAN patients lacking crescents (C0) or in IgAN 

patients with <25% crescentic lesions (C1) and >25% crescentic lesions (C2) was 

found. 

 The role of the “age” of crescentic lesions on the study outcomes was 

investigated using chi-squared test. Statistical analysis showed that the presence of 

crescentic lesions, irrespective of the “age” of the crescents, consisting of 

fibrocellular (mixed) and fibrous (old) extracapillary proliferates, was significantly 

associated with a 50% decline of renal function and therefore, showed a significantly 

adverse effect on renal function (p-value=0.003). When comparing mainly cellular 

(fresh) to fibrocellular (mixed) and fibrous (old) crescents, fibrocellular and fibrous 

crescentic lesions proved to have a significantly adverse impact on renal failure than 

cellular crescents (p-value=0.002). 

Table 10 shows the prognostic value of the histopathological categories of the 

modified Oxford Classification on renal failure and >50% reduction of eGFR over 

time. 
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 Patients without 

renal failure 

Patients with 

renal failure 

Patients with 

eGFR reduction 

<50% 

Patients with 

eGFR reduction 

≥50% 

E0 89 67 129 27 

E1 28 21 40 9 

p-value 0.991 0.865 

S0 34 17 45 6 

S1 83 71 124 30 

p-value 0.110 0.209 

T0 97 50 124 23 

T1 14 20 24 10 

T2 6 18 21 3 

p-value <0.001 0.129 

C0 56 39 81 14 

C1 42 34 60 16 

C2 19 15 28 6 

p-value 0.879 0.559 

Table 10: Prognostic value of the histopathological categories of the modified Oxford Classification on the 
endpoints 
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 Kaplan–Meier analysis revealed significantly adverse renal survival for 

patients with tubular atrophy and interstitial fibrosis of more than 25% of cortical area 

(T1/T2, p-value<0.001) (Figure 10). 

 

Figure 10: Renal survival according to the extent of tubular atrophy/interstitial fibrosis (T) 

  

p-value<0.001 
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No prognostic impact on renal survival was seen for the presence of endocapillary 

hypercellularity (E1), presence of segmental glomerulosclerosis (S1), or the 

presence of crescentic lesions (C1/C2) (Figure 11, 12, 13). 

 

Figure 11: Renal survival according to the presence of endocapillary hypercellularity (E) 

 

Figure 12: Renal survival according to the presence of segmental glomerulosclerosis (S) 

  

p-value=0.135 

p-value=0.268 
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Figure 13: Renal survival according to the extent of glomerular crescent formation (C) 

 
The presence of tubular atrophy and interstitial fibrosis of more than 25% of cortical 

area (T1/T2) has a significantly worse effect on renal function over time (p-

value=0.002) (Figure 14). 

 

Figure 14: Renal function (eGFR decline >50%) according to the extent of tubular atrophy/interstitial fibrosis (T) 

 

  

p-value=0.362 

p-value=0.002 
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Endocapillary hypercellularity (E1), segmental glomerulosclerosis (S1), and 

crescentic lesions (C1/C2) showed no significant adverse effects on renal function 

(Figure 15, 16, 17). 

 

Figure 15: Renal function (eGFR decline >50%) according to the presence of endocapillary hypercellularity (E) 

 

Figure 16: Renal function (eGFR decline >50%) according to the presence of segmental glomerulosclerosis (S) 

 

 

p-value=0.262 

p-value=0.432 
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Figure 17: Renal function (eGFR decline >50%) according to the extent of glomerular crescents formation (C) 

  

p-value=0.902 
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Finally, we performed chi-squared tests to test the prognostic effect of 

immunosuppressive and antihypertensive treatment regimens on renal outcome. 

Univariate analysis showed that IgAN patients under immunosuppressive therapy 

significantly more often reached renal failure than patients not treated with 

immunosuppressive medication (p-value<0.001) (Table 11). Patients treated with 

immunosuppressive therapy showed tendencies to adverse effects on 50% decline 

of eGFR but did not prove to be statistically significant (p-value=0.057). 

 Patients without 

renal failure 

Patients with 

renal failure 

No 

immunosuppressive 

therapy 

67 13 

Any 

immunosuppressive 

therapy 

50 75 

p-value <0.001 

Table 11: Prognostic effect of immunosuppressive therapy on renal survival in all IgAN patients 

 

Patients under antihypertensive treatment showed significantly beneficial effects on 

eGFR reduction of over 50% (p-value=0.030) (Table 12) and statistically significant 

improved renal survival (p-value=0.002) (Table 13). 

 Patients with eGFR 

reduction <50% 

Patients with eGFR 

reduction ≥50% 

No antihypertensive 

therapy 

20 0 

Any antihypertensive 

therapy 

149 36 

p-value 0.030 

Table 12: Prognostic effect of antihypertensive therapy on eGFR reduction >50% in all IgAN patients 
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 Patients without 

renal failure 

Patients with 

renal failure 

No antihypertensive 

therapy 

18 2 

Any antihypertensive 

therapy 

99 86 

p-value 0.002 

Table 13: Prognostic effect of antihypertensive therapy on renal survival in all IgAN patients 
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14 Discussion 

 

The original Oxford Classification proposed in 2009 has been widely adopted in 

clinical practice as an evidence-based classification system for IgAN (1). In that 

study three pathologic findings were reported to be independent prognostic markers 

in IgAN, such as mesangial hypercellularity (M), segmental glomerulosclerosis (S), 

and tubular atrophy/interstitial fibrosis (T). Among patients with endocapillary 

hypercellularity (E), the rate of renal functional decline was significantly lower in 

those receiving immunosuppressive therapy. Finally, the original Oxford 

Classification proposed four parameters, including mesangial (M) and endocapillary 

(E) hypercellularity, segmental glomerulosclerosis (S), and interstitial fibrosis and 

tubular atrophy (T), summarized as the so-called MEST score (1,59,66). These 

findings have been validated by a variety of subsequent studies (10,12,59,68–

72,92–94). The original Oxford Classification did not account for the presence of 

glomerular crescents, since in the original Oxford study (1) and several validation 

studies with similar restrictive entry criteria (69–72) crescents were not found to be 

an independent predictor of renal outcomes (9). In the updated Oxford study, the 

presence of at least 25% of crescents (C1) was significantly predictive of poor renal 

outcome in patients not receiving immunosuppressive therapy, but not in patients 

under immunosuppression (59). The C2 category identified patients at risk of poor 

renal outcome regardless of immunosuppressive therapy (59). Hence, an additional 

C category in the original MEST score for the presence of glomerular crescents is 

recommended since 2017: C0 (no crescents), C1 (crescents in less than one fourth 

of glomeruli), and C2 (crescents in over one fourth of glomeruli), summarized as the 

modified MEST-C score (9). 

We aimed to validate the prognostic value of clinical and histopathological 

parameters according to the modified Oxford Classification with special emphasize 

on crescentic lesions. 

 

Our IgAN study cohort includes patients from Styria, Carinthia and 

Burgenland, representing a Caucasian cohort from the Southeast Austrian regions. 

Most studies on IgA Nephropathy are retrospective and multi-centered with patients 
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of different ethnicities (15). A number of single-center studies have analyzed the 

mortality, and prognostic value of pathological and clinical parameters in IgAN and 

validated the original Oxford Classification system (12,70,72,93,95–100). Most of 

these have been conducted in Asian countries, such as Japan, China, Korea, and 

India with exception of one Polish and one Greek study.  

Median age of our IgAN patients was 42 years with nearly 60% of patients 

younger than and 40% older than 50 years. We found two peaks in age distribution, 

one between 25 and 30 years and another between 50 and 55 years. Our IgAN 

patients are at least ten years older than those published in literature, mainly form 

Asian countries. In a South Korean (99) and Japanese study (100), for instance, 

median age of IgAN patients was 33 years (25-45 years). In one of the few European 

studies from Poland median age of IgAN patients was 33 years (98) and in a Greek 

study (97), median age was with 41 years similar to ours. In the original Oxford 

study, the median age was 30 years (1). In a multi-center study by Haas et al, mean 

age of IgAN patients was 35 years (SD±14 years) (9). Most of the above mentioned 

single-center studies have been conducted in Asian countries showing a median 

age of IgAN patients of 36 years or younger. One possible explanation might be the 

implementation of urine screening in routine health check-ups in most Asian 

countries. The early recognition of urine abnormalities leads to a higher number of 

renal biopsies and consequently higher numbers of IgAN diagnoses and general, 

resulting in a higher awareness of clinicians of IgAN in Asian countries compared to 

European countries. Considering the low age of Asian IgAN patients, who normally 

constitute a great proportion of the multicenter study cohorts, may probably 

decrease the median age of the whole cohort and therefore might be an influencing 

factor of age distribution in a multicenter approach. 

In our study, 66% of IgAN patients were male and 34% female with a male to 

female ratio of 2:1. Comparable data are published in literature. Male to female ratio 

in a Polish study cohort of 52 IgAN patients was 1.4:1, and a Greek study showed 

a male to female ratio of 2.6:1 in 50 patients (97,98). However, in Japanese and 

Chinese studies male to female IgAN ratios of 1:1.4, 1:1.2, 1:1, and 0.92:1 are 

reported (12,70,96,100). As mentioned earlier, the implementation of urine 

screening in routine health check-ups with early recognition of urine abnormalities 

in most Asian countries might explain not only the higher numbers of IgAN 
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diagnoses in general but also the higher number of female patients getting 

examined and biopsied. Most multi-center studies show a gender ratio similar to 

ours. In the original Oxford study, a gender ratio of 2.6:1, in the VALIGA study a 

ratio of 2.7:1, and in the modified Oxford study a ratio of 1.3:1 is described (1,9,68). 

 IgAN may cause a wide range of histopathological glomerular changes. We 

found 49 (23.9%) patients with endocapillary hypercellularity (E1). Similar results 

were described by Kaneko et al with 20% and by Stangou et al with 26% of IgAN 

patients showing endocapillary hypercellularity (96,97). In the modified Oxford 

study, Haas et al reports E1 lesions in 20% of renal biopsies (9). Endocapillary 

hypercellularity in only 14% of IgAN patients was found in a single-center study 

conducted by Lee et al (93). Other single- and multi-center studies reported higher 

percentages of patients with endocapillary hypercellularity with 42% reported by 

Katafuchi et al (12) and 44% reported by Moriyama et al (100). Shi et al and Kataoka 

et al described 57% and 53%, respectively (70,95). In the original Oxford study E1 

lesions were found in 42% of IgAN patients (1).  

 We found segmental glomerulosclerosis (S1) in 154 (75.1%) patients. Similar 

results were described by Katafuchi et al, Shi et al, Moriyama et al, Kataoka et al, 

and Kaneko et al showing segmental glomerulosclerosis in 79%, 75%, 75%, 81%, 

and 67% of IgAN patients, respectively (12,70,95,96,100). Lee et al and Stangou et 

al reported S1 lesions in 58% and 24% (93,97). 

  We found tubular atrophy/interstitial fibrosis in 26-50% of the cortical area 

(T1) and tubular atrophy/interstitial fibrosis in >50% of cortical area (T2) in 34 

(16.6%) and 24 (11.7%) IgAN patients. Similar data are described in literature. 

Katafuchi et al, Shi et al, and Stangou et al reported T1 and T2 lesions in 18% and 

12%, 14% and 8%, and in 20% and 16%, respectively (12,70,97). Only slight 

differences were described by other authors showing T1 and T2 lesions in 27% and 

10%, 20% and 5%, and in 23% and 6% of IgAN patients (9,93,100). Interestingly, a 

Japanese single-center study reported T1/T2 lesions in 5% and 2% of 314 IgAN 

patients (96). 

We found crescentic lesions in 110/205 biopsies (53.7%) with 76 cases (37.1%) 

showing <25% (C1) and 34 (16.6%) cases showing >25% (C2) involved glomeruli, 

respectively. Comparable results were only found by Kataoka et al showing 
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crescentic lesions in 53% (95). Higher numbers of crescents have been described 

by Katafuchi et al and Shi et al. Both report crescentic lesions in at least 60% 

(12,70). Lower numbers compared to our results have been described by Rafalska 

et al, Lee et al, and Stangou et al with 17%, 19%, and 18% (93,97,98). 

125/205 (60.9%) IgAN patients received immunosuppressive treatment. In 

our study cohort, patients under immunosuppressive therapy showed a significantly 

adverse renal survival compared to patients not receiving immunosuppression. 

Katafuchi et al reported comparable results (12). In contrast to this study, in which 

only patients receiving steroids were taken into account, we included any class of 

immunosuppressive treatment, such as glucocorticoids, nucleic acid synthesis 

inhibitors, cytostatic drugs, calcineurin inhibitors, purine synthesis inhibitors, 

antimetabolites, and monoclonal antibodies against CD20 into the analysis. In a 

large single-center study, Moriyama et al found that worse renal survival was 

significantly associated with the combination of steroid treatment and the 

administration of other immunosuppressive agents (100). Similar results have been 

described in the large multi-center study conducted by Haas et al in 2017. In that 

study, patients not receiving immunosuppressive therapy had higher eGFR, lower 

proteinuria, fewer crescents, less endocapillary proliferative lesions, and less 

parenchymal atrophy. Significantly worse renal function was seen in patients treated 

with immunosuppressive therapy (9). This observation was attributable to the fact 

that patients who received immunosuppressive therapy most likely represented 

already advanced and severe cases of IgAN in which such treatment was 

necessary. No significant association between the use of immunosuppressive 

therapy and a worse renal outcome was described by Rafalska et al (98). Lv et al 

could prove that the use of immunosuppressive therapy had beneficial effects on 

the onset of ESKD, the doubling of serum creatinine, as well as halving of eGFR 

(81). 

185/205 (90.2%) IgAN patients received antihypertensive treatment. Patients 

under antihypertensive treatment showed, irrespective of histopathological findings 

on renal biopsy, beneficial effects on renal outcome as well as on renal function. In 

our study, any antihypertensive agent has been taken into the analyses, whereas in 

most studies only the use of RAS blockage was investigated. In a prospective study 

by Praga et al the beneficial effect of antihypertensive treatment in IgAN has been 
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proven. They could show that a group of IgAN patients treated with Enalapril had a 

significant improved renal survival in comparison to a control group (101). A more 

recent study showed an adverse effect for the use of RAS-blockage or calcium-

channel-blockage on renal function. While untreated individuals maintained their 

normal level of eGFR, patients treated with RAS-antagonists or calcium-channel 

blockers showed a significant decline in renal function (102). However, all treated 

patients in this study were selected because of severe renal function impairment at 

the start of the study. Treated IgAN patients initially had lower eGFR, higher 

proteinuria, and more severe histopathological lesions (102). The effect of 

immunosuppressive and antihypertensive therapy on renal survival as well as on 

renal function decline varies substantially in literature. One main explanation for the 

effect of immunosuppressive therapy in our study was that IgAN patients who 

received such treatment showed a variety of severe histopathological changes. 

Active lesions, such as endocapillary hypercellularity (E1) and crescentic lesions 

(C1/C2) were found in 27% and 64% in kidney biopsies of immunosuppressed 

patients. Chronic lesions, including segmental glomerulosclerosis (S1) and 

parenchymal atrophy of more than 25% of the renal cortex, were found in 77% and 

64%, respectively. The advanced chronic histopathological changes may explain 

the adverse clinical outcome in immunosuppressed patients. While T1 and T2 are 

indicative of severe chronic renal injury and reflect an advanced disease stage, C1 

and C2 are considered good targets for immunosuppressive treatment as 

proliferative/active lesions. This may lead to a form of treatment-bias. The selection 

of different treatment groups is not standardized among the literature, resulting in 

substantial heterogeneity regarding the treatment setting among patients at the 

beginning of the study and consequently among groups that are being examined. In 

our study cohort, 90% of all patients received antihypertensive treatment which is a 

rather high number compared with other studies. Moreover, most retrospective 

studies, including ours, do not have the exact knowledge over the precise dosage 

of the medication that was administered to the patients. Furthermore, there is no 

evidence of how compliant the patients were. The use of different antihypertensive 

agents goes along with different pharmacodynamics and should be examined 

separately. In order to provide more valid data on the prognostic effects of 

antihypertensive and immunosuppressive agents in IgAN, standardized, 

prospective, randomized-controlled-trials are warranted. 
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Numerous prognostic factors for IgAN have been described in literature, such 

as blood pressure, eGFR, serum creatinine levels, proteinuria, and hematuria. Most 

of these clinical parameters have been confirmed decades ago (1,8,66). In our study 

we could prove that eGFR and serum creatinine at time of biopsy were significantly 

associated with an adverse renal survival. Approximately 43% of our IgAN patients 

reached renal failure and nearly 18% developed a >50% decline in eGFR. In the 

original Oxford study, the authors state that the extend of proteinuria, hypertension, 

and the excretory renal function (eGFR) are well established clinical parameters 

predicting risk of progressive chronic kidney disease (1). Proteinuria has been 

proven to be a valuable marker for disease progression in IgAN, as described by 

Cattran et al (1). In multivariate analysis only proteinuria was significantly predictive 

of renal outcome in the recent study by Haas et al (9).  

 In the original Oxford Classification, three reproducible histopathological 

variables were identified to be independently predictive of poor renal outcome: 

mesangial hypercellularity (M), segmental glomerulosclerosis (S), and interstitial 

fibrosis and tubular atrophy (T) (1,59,66). In patients with endocapillary 

hypercellularity (E), renal dysfunction was significantly lower in those receiving 

immunosuppressive therapy. The original Oxford Classification proposed four 

parameters, including mesangial (M) and endocapillary (E) hypercellularity, 

segmental glomerulosclerosis (S), and interstitial fibrosis and tubular atrophy (T), 

summarized as the so-called MEST score (1,59,66). In our study we could show 

that the extent of tubular atrophy and/or interstitial fibrosis significantly correlated 

with worse renal survival (ESKD and >50% eGFR decline). Patients with tubular 

atrophy/interstitial fibrosis in at least 26% of the cortical area showed an adverse 

renal survival but did not show significant reduction of renal function alone. The 

presence of endocapillary hypercellularity and segmental glomerulosclerosis did not 

correlate with renal survival in our study. A variety of studies have been performed 

to validate the prognostic value of the histopathological parameters proposed in the 

2009 Oxford Classification. 16 studies have been re-analyzed in a systematic review 

and meta-analysis by Lv et al in 2013. The presence of endocapillary lesions (E1) 

did not prove to be significant regarding kidney failure (94). However, they found S1 

and T1/T2 lesions being significantly associated with kidney failure (94). In a 2016 
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update of the original Oxford Classification, Trimarchi et al found endocapillary 

hypercellularity not predictive of renal outcome (59). They showed that E1 lesions 

were only independently associated with worse renal outcome in IgAN patients not 

receiving immunosuppression (59), suggesting treatment bias, since patients with 

E1 lesions received immunosuppressive therapy more often leading to improved 

renal outcome. The same working group reported a significant prognostic value for 

segmental glomerulosclerosis on adverse renal outcome. They even suggested to 

add comments to the S lesion of the Classification (podocyte hypertrophy/tip 

lesions) to account for patients at a higher risk of renal function decline (59). T1/T2 

lesions were also found to be predictive of renal survival.  

 The original Oxford Classification system does not account for the presence 

of crescentic lesions. In the following years, a number of retrospective studies have 

been conducted in order to show a prognostic significance of crescentic lesions on 

renal survival. In our study, we found that crescentic lesions present in <25% of 

glomeruli (C1) were predictive of renal failure only when adjusted for 

immunosuppressive therapy. In addition, IgAN patients with C1 lesions are more 

likely to receiving immunosuppression. Moreover, we showed that among patients 

under antihypertensive treatment, the absence of crescentic lesions is significantly 

associated with improved renal survival. As glomerular crescent formation 

represents a dynamic process, we sub-divided crescentic lesions according to their 

“age” in mainly cellular (“fresh”), fibro-cellular (“mixed”) and fibrous (“old”) crescents 

and tested each for their prognostic value on renal outcome. We found that the 

presence of crescentic lesions, irrespective of the “age” of the crescents, consisting 

of fibrocellular (mixed) and fibrous (old) extracapillary proliferates, was significantly 

associated with a 50% decline of renal function. When comparing mainly cellular 

(fresh) to fibrocellular (mixed) and fibrous (old) crescents, fibrocellular and fibrous 

crescentic lesions proved to have a significantly adverse impact on renal failure than 

cellular crescents. Moreover, mixed (fibrocellular) and old (fibrous) crescents proved 

to be significantly predictive of adverse renal survival.  

Only few studies differentiate between cellular, fibro-cellular or fibrous crescentic 

lesions in their data collection, but none have described the prognostic value of 

crescents according to their “age”. Trimarchi et al reported an independently 

predictive value of crescents for a higher risk of ESKD or 50% reduction in initial 
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eGFR (59). However, these results remained statistically significant only in patients 

who did not receive immunosuppressive therapy (59). Furthermore, the authors 

show that in IgAN patients with higher numbers of crescents (>25% of glomeruli), 

the risk of ESKD or 50% reduction of initial eGFR remained significant even in 

patients receiving immunosuppression (59). Lv et al report a significant association 

between the presence of crescents and progression to kidney failure (94). In a 

systematic review and meta-analysis conducted by Shao et al in 2017, the 

evaluation of crescents as a predictive marker in IgAN was summarized (103). They 

performed multivariate analysis models for diverse studies and for different study 

results. Except of one study every study showed an increased risk of worse renal 

outcome for patients with crescentic lesions (10–12,70,93,95,96,98,103–105). 

Furthermore, they could show overall decreased eGFR levels in patients with 

crescents (1,70,71,92,93,96,103,104). Moreover, patients with crescentic lesions 

showed overall increased levels of proteinuria (96,103,106,107). They also 

evaluated the use of immunosuppressive and antihypertensive (RAS-I) therapy. 

According to Shao et al, patients with crescentic lesions are more likely to receive 

immunosuppressive treatment (1,70,71,103,108). However, there was no significant 

difference in the use of RAS-I between patients with or without crescentic lesions 

(1,70,71,103). 

There is a broad consensus on prognostic clinical factors in IgAN patients. However, 

as discussed above, there are varying results concerning the prognostic value of 

histopathological parameters. This is most likely attributable to differences in the 

execution of studies as well as cohort sizes. Additional influencing factors are the 

inclusion and exclusion criteria for a study cohort. For instance, the original Oxford 

study cohort excluded all patients with an initial eGFR <30ml/min/1.73m2, thus 

excluding all advanced cases (1). Excluding the most severe cases of IgAN leads 

to selected study results and to lower prevalence of histological findings that might 

be prognostic of renal outcome. Some studies evaluated the prognostic value of 

clinical and pathological parameters only in children with alleged IgAN (10,71,104). 

Possible comorbidities with higher incidences in childhood, such as Schoenlein-

Henoch purpura, can influence the real prognostic value of such parameters 

(10,71,104). Others included children and adults into the same analysis (1).  
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 The most consistent predictor for renal outcome in IgAN published in 

literature and validated in our study is parenchymal atrophy. One explanation is that 

it mostly parallels advanced stages of the disease. Crescentic lesions are more 

frequently seen in advanced IgAN cases. We could not prove the independent 

prognostic value of crescentic lesions on renal outcomes in our study. This might be 

explained by the low number of patients with crescentic lesions in our study cohort, 

limiting the statistical power of the results. In addition, we included cases with less 

than 8 present glomeruli if the diagnosis could be made straight-forward, running 

the risk of missing crescentic lesions. Lastly, we had a high number of patients under 

immunosuppressive therapy. On the one hand, the protective effect of 

immunosuppression in IgAN is well known and described in many studies. On the 

other hand, the use of immunosuppression may mask the predictive value of 

crescentic lesions.  

 

There are several limitations to our study. First and foremost are the 

limitations inherent to retrospective analyses. By performing review pathology, we 

aimed to reduce interobserver variability with respect to histopathological diagnosis. 

The relatively small cohort size of 205 IgAN patients has questionable statistical 

power. By excluding patients younger than 18 years, we tried to control the 

homogeneity of the study population. Our IgAN patients come from Styria, Carinthia 

and Burgenland, thus representing a Caucasian cohort from the southeast part of 

Austria. Most studies published on IgA Nephropathy are retrospective and multi-

centered. On the one hand this leads to a larger number of analyzed patients and a 

greater statistical power. On the other hand, this also leads to a great heterogeneity 

of data within the study cohorts. Patients of different ethnicities are analyzed equally 

although, differences in incidences between ethnicities are described and can cause 

confounding results (15).  

 In our study, we show that eGFR and serum creatinine at time of biopsy are 

significantly associated with worse renal outcome. Furthermore, we validate the 

predictive value of tubular atrophy/interstitial fibrosis, as the most consistent and 

reliable histopathological prognostic parameter, on renal survival. We did not find a 

prognostic effect for endocapillary hypercellularity or segmental glomerulosclerosis 

on renal survival and renal function in our IgAN cohort. Overall crescentic lesions 
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did not show significant association with adverse renal outcome. However, when 

adjusted for patients under immunosuppressive therapy, crescentic lesions were 

predictive of renal failure. Moreover, mixed (fibrocellular) and old (fibrous) crescents 

proved to be predictive of adverse renal outcome. Additional prospective studies, 

preferably in more uniformly treated patient cohorts with higher patient numbers, are 

needed to validate these conclusions. 
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