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ABSTRACT 

Background. Immunoglobulin A nephropathy (IgAN) frequently leads to kidney failure. The urinary proteomics-based classifier 
IgAN237 may predict disease progression at the time of kidney biopsy. We studied whether IgAN237 also predicts progression later in 

the course of IgAN. 

Methods. Urine from patients with biopsy-proven IgAN was analyzed using capillary electrophoresis–mass spectrometry at baseline 
(IgAN237-1, n = 103) and at follow-up (IgAN237-2, n = 89). Patients were categorized as “non-progressors” (IgAN237 ≤0.38) and “pro- 
gressors” (IgAN237 > 0.38). Estimated glomerular filtration rate (eGFR) and urinary albumin–creatinine ratio slopes were calculated. 

Results. Median age at biopsy was 44 years, interval between biopsy and IgAN237-1 was 65 months and interval between IgAN237- 
1 and IgAN237-2 was 258 days (interquartile range 71–531). IgAN237-1 and IgAN237-2 values did not differ significantly and were 
correlated (rho = 0.44, P < .001). Twenty-eight percent and 26% of patients were progressors based on IgAN237-1 and IgAN237-2, 
respectively. IgAN237 inversely correlated with chronic eGFR slopes (rho = –0.278, P = .02 for score-1; rho = –0.409, P = .002 for score-2) 
and with ±180 days eGFR slopes (rho = –0.31, P = .009 and rho = –0.439, P = .001, respectively). The ±180 days eGFR slopes were 
worse for progressors than for non-progressors (median –5.98 versus –1.22 mL/min/1.73 m 

2 per year for IgAN237-1, P < .001; –3.02 vs 
1.08 mL/min/1.73 m 

2 per year for IgAN237-2, P = .0047). In multiple regression analysis baseline progressor/non-progressor according 
to IgAN237 was an independent predictor of eGFR 180days-slope ( P = .001). 

Conclusion. The urinary IgAN237 classifier represents a risk stratification tool in IgAN also later in the course of the dynamic disease. 
It may guide patient management in an individualized manner. 

Keywords: biomarker, CKD, glomerulonephritis, IgA nephropathy, progression, urine proteomics 
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GRAPHICAL ABSTRACT 

KEY LEARNING POINTS 

What was known: 

• Immunoglobulin A nephropathy (IgAN) is the most common glomerulonephritis and only some patients respond to specific 
treatments while many develop end-stage kidney disease.

• Good guidance predicting a progressive disease is currently lacking.
• To serve this urgent need, this study aims at developing a biomarker-based algorithm that predicts disease progression in IgAN 

that enables personalized treatment.

This study adds: 

• Based on development of urine proteomic analysis a classifier was developed (IgAN237) to predict IgAN disease progression.
• This clinical study aimed to confirm IgAN237 as a significant marker of progression to enable personalized follow-up and treat- 

ment of IgAN, both at the time of biopsy but also later in the disease course.

Potential impact: 

• The IgAN237 classifier predicts progressive loss of kidney function in IgAN patients significantly better than clinical parameters 
alone.

• Even late after kidney biopsy IgAN237 guides the clinicians in deciding whether the IgAN is of the progressing or non-progressing 
type which enables individualized follow-up and treatment but also selection for trials.

 

 

 

 

 

 

 

 

 

 

 

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/article/38/12/2826/7205510 by Institut fuer physiologische C

hem
ie - Bibliothek user on 05 M

arch 2024
INTRODUCTION 

Immunoglobulin A nephropathy (IgAN) is the most common pri-
mary glomerulonephritis worldwide. However, prognosis is very
variable and 20%–40% of patients develop kidney failure within
10–20 years after diagnosis [ 1 , 2 ]. In this regard, risk stratification
tools are needed to guide therapy and response to therapy.
IgAN is diagnosed by kidney biopsy. Histologic grading using the
MEST-C score can be used to assess prognosis [ 3 , 4 ]. However,
neither histology nor the International IgAN Prediction Tool
calculators [ 5 , 6 ] predict disease progression [ 5 ]. Furthermore,
kidney biopsy is invasive and not well suited for repeated assess- 
ment of risk. Recommendations by Kidney Disease: Improving 
Global Outcomes (KDIGO) emphasize general supportive mea- 
sures and renin–angiotensin system blockade as the initial 
treatment [ 5 ]. Patients who remain at high risk of progressive
disease despite maximal supportive care may be considered for 
a 6-month course of glucocorticoid therapy [ 5 ]. An exception for
more intense immunosuppressive therapy is rapidly progressive 
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Figure 1: Study design and patient flow. 
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gAN [ 5 ]. In recent years, promising results on renal outcomes
ave been shown with non-specific kidney protection with da-
agliflozin [ 7 ] or empagliflozin [ 8 ] or immunosuppression with
ral methylprednisolone [ 9 ] or budesonide [ 10 ]. 
Urinary proteomics using capillary electrophoresis coupled to
ass spectrometry (CE-MS) has emerged as a risk stratification

ool for various clinical conditions, including chronic kidney dis-
ase (CKD) from diverse causes [ 11 –13 ]. Urinary proteome pan-
ls may provide diagnostic and risk stratification information for
gAN [ 14 –17 ]. In urine samples obtained at the time of kidney
iopsy, the international multicenter project “Personalized Treat-
ent in IgA Nephropathy” (PersTIgAN) identified a urine pep-

idomics classifier (IgAN237) specific for IgAN. In addition, it could
e used for risk stratification of IgAN that predicted the risk of
rogression defined as the change in estimated glomerular filtra-
ion rate (eGFR) [ 16 ]. This classifier improved prediction of kidney
unction loss in IgAN patients over clinical parameters alone. 
The aim of the present prospective study was to evaluate the

ynamics of IgAN237 over time and determine whether it predicts
isease progression in later stages of IgAN, at different timepoints
rom kidney biopsy, to potentially guide personalized treatment. 

ATERIALS AND METHODS 

tudy population and study design 

rine samples and clinical data were obtained from 103 patients
rom seven centers in Europe (Leipzig, Germany, and in Sweden
kövde, Umeå, Östersund, Sundsvall, Gothenburg and Linköping)
Fig. 1 ). Inclusion criteria were adult patients ( ≥18 years) at base-
ine with biopsy-proven IgAN in native kidneys (Supplementary
ethods). The study was approved by the ethics committee of the
axonian Chamber of Physicians (No: EK-BR-36/20-1) in Germany
nd by the Swedish Ethical Review Authority (Dnr 2019-02970). 
This clinical study was performed independent of time of

iopsy. In addition, numerous biopsies were performed before the
atest Oxford classifications (including the MEST-C score) [ 4 ] were
ublished and therefore histological data are not fully adapted to
hose criteria. The histological data may have some inter-operator
ariability while the IgAN237 classifier is a quantitative test for
he rate of progression [ 16 ]. 
After signed consent, participants provided urine sample for

gAN237 classifier assessment at baseline and after 6 months of
ollow-up. Based on a prior study, patients with IgAN237 values
 0.38 were defined as progressors and those with values ≤0.38
s non-progressors [ 16 ]. Retrospective and prospective informa-
ion for at least 12 months after baseline was collected, including
erum creatinine for eGFR calculation using the CKD Epidemi-
logy Collaboration (CKD-EPI, mL/min/1.73 m 

2 ; assuming Cau-
asian population) formula [ 18 ], and urine albumin–creatinine ra-
io (UACR g/mol). 

GFR and UACR slopes 
he change in renal function was measured as eGFR slopes and
he change in kidney injury as UACR slopes. Four different eGFR
nd UACR slopes were calculated using linear regression and the
rinciple of the least square deviation formula for a timeline (Fig. 1
nd Supplementary data, Fig. S1): 

(i) The “total slope” (eGFR Total-slope , UACR Total-slope ) was
calculated from all available eGFR and UACR values
(retrospectively and prospectively) including those within
the first 90 days after biopsy until the last available
datapoint [ 19 ].

(ii) The “chronic slope” (eGFR Chron-slope , UACR Chron-slope ) was
calculated from all values from Day 90 after biopsy until
the latest available value of eGFR and UACR, respectively
(retrospectively and prospectively) [ 19 ]. This was done to
exclude potential eGFR changes close to the biopsy due to
acute treatment decisions (i.e. start of renin–angiotensin–
aldosterone system blockade).

(iii) The “±180 days slope” (eGFR 180days-slope , UACR 180days-slope )
was estimated from all eGFR and UACR values available
from 180 days before to 180 days after the IgAN237 score-1.
The same was done for the period around IgAN237 score-2
samples. In cases with < 180 days follow-up for either slope,
data were missing.

(iv) The “prospective slope” (eGFR Prosp-slope , UACR Prosp-slope ) was
estimated from all prospective eGFR and UACR values
available after the assessment of IgAN237 score-1 and
after the assessment of IgAN237 score-2, respectively.

stimation of creatinine-based eGFR slopes using serum cre-
tinine becomes less accurate when values exceed 90 or are
elow 15 mL/min/1.73 m 

2 [ 18 , 20 ]. Therefore, eGFR slopes were
nly estimated for patients with an eGFR between 15 and
0 mL/min/1.73 m 

2 at baseline. All results related to the eGFR
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slopes were excluded for the patient if eGFR at baseline was ei-
ther > 90 or < 15 mL/min/1.73 m 

2 . Treatment for IgAN was decided
locally and there was no common treatment protocol. 

Urine proteome profiling 

For IgAN237 assessment, a baseline urine sample (8–10 mL) was
obtained in 103 patients and a follow-up sample in 89 of these
patients more than 6 months after the baseline sample. Urine was
collected in boric acid containing urine tubes (Urine Monovette ®,
Sarstedt, Germany) and transferred within 3 days to be stored at
–80°C at the Biobank Northern Sweden. From there, samples were
shipped on dry ice to Mosaiques Diagnostics, Hannover/Germany
for urine proteomic analysis. German samples were sent directly
to Mosaiques Diagnostics. 

Sample preparation and CE-MS analysis 
Urine sample preparation and CE-MS was performed as previ-
ously described [ 16 ]. In brief, urine samples were thawed and
700 μL was diluted with 700 μL of alkaline buffer (2 M urea, 10 mM
NH 4 OH, 0.02% SDS). Subsequently, high molecular weight pro-
teins were eliminated by ultrafiltration using a Centristat 20 kDa
cut-off centrifugal filter device (Sartorius, Göttingen, Germany).
PD 10 gel filtration columns (GE Healthcare Bio Sciences, Uppsala,
Sweden) were used to remove urea, electrolytes and salts as well
as to enrich polypeptides in the obtained filtrate. The samples
were lyophilized and stored at 4°C until testing. Shortly before
CE-MS analysis, the samples were re-suspended in 10 μL HPLC-
grade H 2 O. The CE-MS analysis was performed as previously de-
scribed [ 16 ] using P/ACE MDQ capillary electrophoresis system
(Beckman Coulter, Fullerton, CA, USA) coupled with a Micro-TOF II
MS (Bruker Daltronic, Bremen, Germany). The raw data were pro-
cessed using the MosaFinder software [ 21 ] for deconvolution of
mass spectra ion peaks into single masses. Data were calibrated
using internal standards as reference data. Reference signals of
29 abundant peptides were used for calibration of signal intensity
using linear regression as previously described [ 22 ]. The obtained
peak list characterizes each detected polypeptide by its calibrated
molecular mass, calibrated CE migration time and normalized sig-
nal intensity. All detected peptides were deposited, matched and
annotated in a Microsoft SQL database allowing further statistical
analysis. 

Sample classification 
Samples were classified according to the previously developed
IgAN237 classifier [ 16 ]. IgAN237 is a support vector machine-
based classification model that allows the classification of sam-
ples in the high-dimensional parameter space. The application
of the IgAN237 classifier to CE-MS data of unknown urine sam-
ples provides a classification score based on the amplitudes of
237 peptide biomarkers. A classification threshold (cut-off) of 0.38
was defined using receiver operating characteristic curve analy-
sis based on the total cross-validated training dataset for classi-
fier developed described by Rudnicki et al . [ 16 ]. The defined cut-off
corresponded to the best sensitivity/specificity pair based on the
Youden index. IgAN237 is adimensional. Patients with IgAN237
values > 0.38 were defined as progressors, while patients with
IgAN-classifier value ≤0.38 were defined as non-progressors. 

Statistical analyses 
Descriptive statistics are presented as frequencies with percent-
ages for categorical variables and mean with standard devia-
tion or median with range for continuous variables. Paired tests
with each patient as her/his own control were used to examine 
changes in eGFR, UACR and U-proteomics. Mann–Whitney U test,
t-test and Fisher’s exact test were used for group comparisons 
and Wilcoxon non-parametric test for paired comparisons. Spear- 
man bivariate correlation coefficient was calculated to avoid sig- 
nificant effects of outlier data (rho-value). Multiple linear regres- 
sion was performed with IgAN237 as the dependent factor and the 
significant variables from the Spearman analysis as independent 
variables; age and sex were also included in the model. A step-
wise model was used to evaluate the importance of variables that 
might be associated with IgAN237 as the dependent factor ( ≤0.38 
or > 0.38). Logistic regression was performed in this case since the
U-proteomics was not normally distributed, and we wanted to ver- 
ify the results from linear regression. Because U-proteomics mea- 
surements 1 and 2 were dependent (repeated measurements on 
the same group of patients), data analyses were performed sep- 
arately for the two samples when analyzing the association be- 
tween IgAN237 and eGFR and UACR slopes. A two-tailed P -value 
< .05 was set as the significance level. 

RESULTS 

Clinical and histopathological characteristics 
Baseline U-proteomics data were obtained 65 months (0-606) af- 
ter a kidney biopsy that diagnosed IgAN. Based on clinical history,
IgA vasculitis (IgAV) was diagnosed in 17/103 (16.5%) and IgAN in
86/103 (83.5%), respectively. Based on criteria by Saha et al . [ 2 ], 74
of 103 (72%) participants had a concomitant condition at the time 
of biopsy or later that would be considered secondary IgAN (Sup- 
plementary data, Table S1). In addition, 60 patients suffered from 

other diseases such as lactose intolerance, pulmonary obstruc- 
tive diseases, upper respiratory or intestinal allergic reactions.
Table 1 shows demographic, analytical and key kidney biopsy 
data. Mean eGFR at baseline and at follow-up was 56.4 ± 27.4 and
54.5 ± 28.6 mL/min/1.73 m 

2 , respectively. 
Supplementary data, Table S2 shows the distribution of partic- 

ipants in eGFR categories. Data from participants with eGFR 15–
90 mL/min/1.73 m 

2 were used to calculate eGFR slopes. Key thera- 
peutic agents are summarized in Supplementary data, Section S3.
Antihypertensive drugs were prescribed for 90% of the patients.
Most patients 89/102 (87%) were prescribed either angiotensin- 
converting enzyme (ACE) inhibitors or angiotensin-receptor block- 
ers (ARBs) and 10/89 received both ACE inhibitors and ARBs.
Sodium-glucose cotransporter 2 inhibitors were not prescribed.
Prednisolone was prescribed to 29 patients during the disease.
During the study period (from baseline sampling) prednisolone 
was prescribed to seven, immunosuppression only to three, and 
a combination of prednisolone and immunosuppression to three 
participants. 

Urinary proteomics 
Baseline IgAN237-1 (mean value –0.0116 ± 0.802) and follow-up 
IgAN237-2 (mean –0.069 ± 0.741) were separated by a median 
258 days (range 71–531) (Table 1 ). Their values did not differ sig-
nificantly (mean change –0.054 ± 0.857, P = .94, paired test) and 
were correlated (rho = 0.44, P < .001). Men had higher IgAN237
( P = .037), lower baseline eGFR and more declined Total and
Chronic eGFR slopes ( P ≤ .020) than women both for IgAN237-1 
and IgAN237-2 analyses. 

Both IgAN237-1 and IgAN237-2 were correlated with the per- 
centage of glomerular sclerosis (rho = 0.250, P = .021, and 
rho = 0.389, P < .001, respectively) and UACR (rho = 0.311, P = .002,
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Table 1: Demographic data and kidney biopsy findings. 

N (%) with data Mean SD Median (range) 

Male 65 (63) 
Age at diagnosis (1st biopsy) (years) 103 44.6 16.3 44 (11 to 92) 
Age at baseline (years) 103 53.9 15.4 54 (20 to 92) 
eGFR at baseline (mL/min/1.73 m 

2 ) 94 56.4 27.4 52.5 (8.9 to 117) 
eGFR at follow-up (mL/min/1.73 m 

2 ) 77 54.5 28.6 51.6 (8 to 125) 
Number of antihypertensive drugs at baseline ( N ) 103 2.0 1.38 2 (0 to 6) 
Biopsy: glomerular sclerosis (% of glomeruli) 85 19 16 14 (0 to 70) 
Biopsy: interstitial fibrosis (% of kidney surface) 93 23 18 25 (0 to 70) 
Biopsy: crescents (% of biopsies with crescents) a 25/91 (27.5%) 
Baseline (at IgAN237-1) 

Time between biopsy and urine sample 1 (months) 103 119.1 130.6 65 (0 to 606) 
IgAN237-1 (value) 103 –0.0116 0.802 0.024 (–2.163 to 2.038) 
Hematuria [ N (%)] 85 [38 (45%)] 
UACR (g/mol) 94 48.2 83.6 19.0 (0.5 to 655) 
UACR Total-slope (g/mol/year) 96 –28.1 107 –2.79 (–745 to 18.8) 
UACR Chron-slope (g/mol/year) 95 –5.36 27.0 –0.40 (–226 to 30.7) 
UACR Prosp-slope (g/mol/year) 87 –5.98 55.4 0.00 (–226 to 324) 
UACR 180days-slope (g/mol/year) 87 –11.1 122 0.00 (–1085 to 163) 

Follow-up (at IgAN237-2) 
Time between urine sample 1 and 2 (days) 89 271 78 258 (71 to 531) 
IgAN237-2 (value) 89 –0.069 0.741 0.054 (–2.119 to 1.721) 
Hematuria [ N (%)] 46 [18 (39%)] 
UACR (g/mol) 64 38.0 47.9 21.6 (0.30 to 250) 
UACR Total-slope (g/mol/year) 85 –25.2 100 –2.74 (–745 to 18.8) 
UACR Chron-slope (g/mol/year) 84 –3.67 14.8 –0.38 (–67.9 to 30.7) 
UACR Prosp-slope (g/mol/year) 62 15.7 283 0.00 (–1160 to 1840) 
UACR 180days-slope (g/mol/year) 62 –9.98 55.3 –0.16 (–238 to 147) 

N = number; SD = standard deviation. 
Baseline is the timepoint when the first urine sample for assessment of IgAN237 was collected. 
In one biopsy, one endocapillary finding was mentioned. 
a In those with crescent findings, few affected glomeruli were noted. 

Table 2: eGFR slopes for participants with eGFR 15–90 mL/min/1.73 m 

2 . 

N Mean SD Median (range) 

Baseline (at IgAN237-1) 
eGFR (mL/min/1.73 m 

2 ) 74 48.4 19.4 47.9 (16.6 to 86.5) 
eGFR Total-slope (mL/min/1.73 m 

2 /year) 70 –0.2 3.5 –0.5 (–8.0 to 13.8) 
eGFR Chron-slope (mL/min/1.73 m 

2 /year) 70 –0.9 3.4 –0.8 (–8.9 to 16.7) 
eGFR Prosp-slope (mL/min/1.73 m 

2 /year) 70 –1.4 7.1 –1.1 (–19.8 to 24.1) 
eGFR 180days-slope (mL/min/1.73 m 

2 /year) 70 –3.2 6.8 –2.8 (–21.8 to 20.5) 
Follow-up (at IgAN237-2) 

eGFR (mL/min/1.73 m 

2 ) 57 47.9 20.4 45.6 (16.7 to 89.2) 
eGFR Total-slope (mL/min/1.73 m 

2 /year) 55 0.3 3.7 –0.5 (–7.0 to 13.8) 
eGFR Chron-slope (mL/min/1.73 m 

2 /year) 55 –0.8 3.5 –0.8 (–8.1 to 16.7) 
eGFR Prosp-slope (mL/min/1.73 m 

2 /year) 53 2.6 14.4 0.3 (–42.5 to 62.2) 
eGFR 180days-slope (mL/min/1.73 m 

2 /year) 53 –0.1 8.5 –0.5 (–22.2 to 18.2) 

N = number of patients with available analyses; SD = standard deviation. 
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nd rho = 0.341, P = .006, respectively). IgAN237-2 was also corre-
ated with baseline UACR (rho = 0.341, P = .006) and UACR Total-slope 
rho = 0.226, P = .037). 

ynamics of IgAN237-based identification of 
rogressors and non-progressors over time 

gAN237 value was > 0.38 in 29/103 (28%) of baseline samples
nd in 23/89 (26%) of follow-up samples, identifying them as
rogressors. Categorization was concordant for both time-points
n 73/89 (82%) patients (17 progressor/progressor and 56 non-
rogressor/non-progressor). Ten of 89 patients (11%) changed
rom progressor to non-progressor and 6/89 (7%) from non-
rogressor to progressor. 
IgAN237 decreased more from baseline to the follow-up sam-

le in those categorized as progressors at baseline ( n = 27) than
n non-progressors ( n = 62): –0.469 ± 0.864 vs 0.127 ± 0.794
 P = .002). The shift from progressor to non-progressor was as-
ociated with a negative change in IgAN237 of –1.173 ± 0.971
 P = .005), while shift from non-progressor to progressor was as-
ociated with a positive change in IgAN237 of + 0.797 ± 0.404
 P = .028). 
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Table 3: Characteristics of patients categorized as progressors or non-progressors according to IgAN237s and eGFR values at baseline 
between 15 and 90 mL/min/1.73 m 

2 . 

Non-progressors Progressors T-test Mann–Whitney test 

Variables N Mean SD N Mean SD P -value P -value

(A) Progressors and non-progressors at baseline 
IgAN237-1 52 –0.418 0.586 22 0.863 0.455 < .001 < .001 
Male (%) 52 56 22 77 .067*
Age at diagnosis (1st biopsy) (years) 52 48.1 16.0 22 46.1 14.7 .601 .696 
Age at baseline (IgAN237-1) (years) 52 59.7 14.0 22 52.7 13.4 .052 .036 
Baseline eGFR (mL/min/1.73 m 

2 ) 52 49.9 17.9 22 44.7 22.7 .292 .208 
Baseline UACR (g/mol) 48 43.0 97.8 20 86.6 75.3 .08 < .001 
Hematuria [ N (%)] 45 47% 18 44% .549* 
Number of antihypertensive drugs at baseline ( N ) 52 2.1 1.4 22 2.3 1.3 .621 .534 
Biopsy: glomerular sclerosis (% of glomeruli) 38 19.3 14.4 21 27.3 17.4 .065 .069 
Biopsy: interstitial fibrosis (% of kidney surface) 43 25.9 18.6 22 30 13.2 .357 .439 
Biopsy: crescents (% of biopsies with crescents) 41 29% 22 18% .258* 
eGFR Total-slope (mL/min/1.73 m 

2 /year) 49 0.57 3.54 21 –1.92 2.82 .006 .01 
eGFR Chron-slope (mL/min/1.73 m 

2 /year) 49 –0.15 3.38 21 –2.73 2.80 .003 .003 
eGFR Prosp-slope (mL/min/1.73 m 

2 /year) 49 –0.73 6.60 21 –3.12 7.98 .197 .04 
eGFR 180days-slope (mL/min/1.73 m 

2 /year) 49 –0.91 5.07 21 –8.47 7.59 < .001 < .001 
UACR Total-slope (g/mol/year) 48 –48.9 148 21 –0.03 7.66 .136 .064 
UACR Chron-slope (g/mol/year) 48 –8.56 35.3 21 2.1 11.7 .179 .091 
UACR Prosp-slope (g/mol/year) 46 –14.7 47.5 18 –3.0 49.2 .383 .66 
UACR 180days-slope (g/mol/year) 46 –31.5 160 18 25.1 65.0 .153 .019 

(B) Progressors and non-progressors at follow-up 
IgAN237-1 (value) 41 –0.406 0.566 16 0.819 0.319 < .001 < .001 
Sex (male, %) 41 56% 16 69% .285*
Age at diagnosis (1st biopsy) (years) 41 51.3 15.4 16 40.9 13.3 .022 .015 
Age at follow-up (IgAN237-1) (years) 41 62.9 10.8 16 51.5 15.1 .002 .011 
Follow-up eGFR (mL/min/1.73 m 

2 ) 41 49.3 20.6 16 44.2 20.0 .402 .36 
Follow-up UACR (g/mol) 35 25.2 29.8 13 71.0 59.2 .018 .003 
Hematuria [ N (%)] 37 41% 13 46% .486* 
Number of antihypertensive drugs at baseline ( N ) 41 2.05 1.26 16 1.75 1.18 .418 .337 
Biopsy: glomerular sclerosis (% of glomeruli) 33 18.9 15.3 13 28.2 17.3 .08 .067 
Biopsy: interstitial fibrosis (% of kidney surface) 36 24.5 18.1 13 28.2 18.3 .531 .497 
Biopsy: crescents (% of biopsies with crescents) 34 29% 13 23% .482* 
eGFR Total-slope (mL/min/1.73 m 

2 /year) 40 0.65 4.01 15 –0.70 2.77 .238 .303 
eGFR Chron-slope (mL/min/1.73 m 

2 /year) 40 –0.18 3.74 15 –2.29 2.18 .045 .014 
eGFR Prosp-slope (mL/min/1.73 m 

2 /year) 38 1.60 15.6 15 5.11 11.3 .431 .813 
eGFR 180days-slope (mL/min/1.73 m 

2 /year) 38 1.15 8.61 15 –3.20 7.74 .095 .005 
UACR Total-slope (g/mol/year) 40 –42.4 141 16 –8.42 37.5 .349 .095 
UACR Chron-slope (g/mol/year) 40 –5.72 16.4 16 3.14 12.9 .058 .157 
UACR Prosp-slope (g/mol/year) 33 9.74 61.4 13 11.4 57.2 .935 .76 
UACR 180days-slope (g/mol/year) 33 –12.8 48.9 13 21.1 51.1 .043 .095 

N = number; SD = standard deviation; * = Fisher’s exact test. 
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eGFR slopes 
eGFR slopes were calculated in participants with baseline eGFR
values 15–90 mL/min/1.73 m 

2 , i.e. in 70 participants with base-
line urine sample and in 53–55 with follow-up urine sample
and available data (Table 2 ). In this population, participants
categorized at baseline as progressors (IgAN237-1 > 0.38) were
younger (mean 53 versus 60 years, P = .036) (Table 3 A) and
showed more declined (worsened) eGFR Total-slope (mean –1.92 vs
0.57, P = .010), eGFR Chron-slope (mean –2.73 vs –0.15, P = .003) and
eGFR 180days-slope (mean –8.47 vs –0.91, P < .001) than those cat-
egorized as non-progressors (Table 3 A, Fig. 2 A). Progressors also
had higher baseline UACR ( P < .001) and a more increased (wors-
ened) UACR 180days-slope ( P = .019) (Table 3 A). In a binary logistic
stepwise regression analysis, the IgAN237-1 (progressor versus
non-progressor) was related to the eGFR 180days-slope ( P < .001). 

Participants categorized at follow-up as progressors based on
the IgAN237-2 were also younger (mean 51.5 versus 63 years,
P = .011) and had more declining eGFR Chron-slope (mean –2.3 vs –
0.18, P = .014) and eGFR 180days-slope (mean –3.2 vs 1.1, P = .005)
(Table 3 B, Fig. 2 B). 

As expected, baseline UACR was related to eGFR (rho = –0.326,
P = .007), eGFR Chron-slope (rho = –0.338, P = .005), eGFR Prosp-slope 
(rho = –0.375, P = .002) and eGFR 180days-slope (rho = –0.418,
P < .001) (Supplementary data, Table S4A and S4B). Furthermore,
the UACR Total-slope was related to all eGFR slopes (rho > –0.301,
P ≤ .012). 

Both baseline IgAN237-1 and -2 were inversely related to their 
respective eGFR Chron-slope (rho = –0.278, P = .020, and rho = –0.409,
P = .002, respectively) and eGFR 180days-slope (rho = –0.310, P = .009,
and rho = –0.439, P = .001, respectively) (Fig. 3 A and B and Sup-
plementary data, Table S4A and B). 

For participants with baseline IgAN237 data, the 
eGFR 180days-slope was the most declining slope and further 
analyses assessed predictors of this slope (see below). 
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Figure 2: Boxplot of comparisons of progressors (IgAN237 > 0.38) vs non-progressors (IgAN237 < 0.38) and eGFR 180days-slope in IgAN237-1 ( A ) and 
IgAN237-2 ( B ). 

Figure 3: Correlation between IgAN237-1 ( A ) and IgAN237-2 ( B ) with eGFR 180days-slope . 
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redictors of eGFR slopes 
o evaluate whether there were specific variables that could pre-
ict progression, multiple regression analysis was performed for
aseline data, given that the number of participants was larger at
his stage, with the most declining slope, eGFR 180days-slope as depen-
ent variable. The variables sex, age at baseline, eGFR at baseline,
ACR at baseline, biopsy glomerulosclerosis and interstitial fibro-
is were tested in the first model. Baseline age was an indepen-
ent predictor ( P = .045) of eGFR 180days-slope (Supplementary data,
able S5). When adding the variable progressor/non-progressor
ccording to IgAN237 to the multiple regression analysis, the
aseline progressor/non-progressor status according to IgAN237- 
 was the only independent predictor of eGFR 180days-slope ( P = .001)
Supplementary data, Table S6). 
Those with primary versus secondary IgAN were younger at

ime of diagnosis ( P = .023) but did not differ in IgAN237-1 and
gAN237-2, eGFR value, eGFR slopes, antihypertensive medica-
ion, glomerular sclerosis or tubular atrophy (interstitial fibrosis).
hose with IgAV had a lower UACR (13 ± 24 vs 62 ± 98, P = .006)
nd a lower extent of glomerular sclerosis (10 ± 12 vs 24 ± 16,
 = .009) compared with those with IgAN, but there were no dif-
erences in IgAN237-1 and IgAN237-2, eGFR value, eGFR slopes,
ntihypertensive medication or tubular atrophy. 

ISCUSSION 

n a previous study, we showed that a high value of IgAN237 pro-
ided prognostic information for IgAN progression over a 3-year
eriod when analyzed at the time of kidney biopsy [ 16 ]. To our
nowledge, the present study is the first to present prospective
linical data that could verify that high IgAN237 also provides
rognostic information when analyzed later in the course of the
isease, i.e. a median of > 5 years after initial treatment had been
rovided based on kidney biopsy results and risk of progression
t the time of kidney biopsy. This implies that IgAN237 may even-
ually be tested as a risk stratification tool for randomized con-
rolled trials that enroll patients who were diagnosed with IgAN
n the past but have not had a recent kidney biopsy and are no
onger treatment naïve. 
There was no obvious difference in classifier levels of IgAN

ersus IgAV or between primary and secondary IgAN. Thus, the
rognostic value of IgAN237 seems to cover the different sub-
ypes of IgAN. Two timepoints were studied for IgAN237 and pre-
iction of outcomes was tested for the first IgAN237 value, as a
igher number of participants was available and the follow-up
fter the second timepoint was short. There was a correlation be-
ween IgAN237-1 and IgAN237-2 and no significant change over
ime was noted in the whole group, supporting the stability of
he biomarker for most participants. The magnitude of the change
rom IgAN237-1 to IgAN237-2 was inversely related to the baseline
ata, which indicates more active pathophysiological processes
nd improvement in the most severe cases, potentially as a result
f treatment or natural history flare and remission cycles. 
Notably, almost 30% of patients had an IgAN237 of > 0.38,

ndicating a progressive disease, at both sampling timepoints,
uggesting that they might benefit from change of therapeutic
pproach or enrollment in clinical trials for high-risk patients.
owever, the study was not designed to address the response of
gAN237 to therapy. Some patients converted from progressors
nto non-progressors, and vice versa, which indicates a dynamic
isease. Based on these results, we support regular follow-up
t least for laboratory values of these patients at least every
ixth month. The use of the IgAN237 classifier as an additional
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risk stratification tool may help when prognostic uncertainties
exist; factors such as the presence of severe permanent kidney
damage already at time of biopsy, male sex and age [ 23 –25 ] are
not modifiable by therapy. 

Among limitations, the sample size, although large for a
prospective IgAN study, may have been more informative if larger.
In this regard, recent clinical trials have enrolled a far larger num-
ber of participants than prior IgAN trials [ 7 , 8 ] and offer the op-
portunity to test the response of IgAN237 to therapy if biobanked
samples can be accessed. Moreover, GFR was estimated and not
measured. The estimation of GFR is here based on serum creati-
nine which is influenced not only by age, sex and race but also by
diet and variables such as muscle mass, wasting and fluid intake.
However, the manuscript also has strengths, as data were prospec-
tively assessed it is a relative large multinational and multicen-
ter IgAN population that was heterogenous from several points of
view, ranging from time to biopsy to local treatment practices to
the presence of coexistent conditions or vasculitis features. This
heterogeneity, the lack of overlap between individual participants
in the current and prior IgAN237 study, and just partial overlap
of participating centers and countries increase the external va-
lidity of the data. However, data on race were not available and
it is likely that non-Caucasians were underrepresented. In this
regard, validation in Asian or US cohorts would be desirable. Al-
though there is no significant difference between IgAV and IgAN in
IgAN237 classifier and eGFR slopes we acknowledge a limitation
of the small subsets in the present study and recommend larger
studies of the separate groups. 

In conclusion, the present study demonstrates that the
IgAN237 classifier may provide predictive information for progres-
sive kidney disease in IgAN patients, not only at the time of biopsy
[ 16 ] but also several years post-biopsy, after treatment had already
been prescribed based on initial biopsy results and risk evaluation
that may have changed the course of the disease. This makes the
IgAN237 classifier clinically useful for risk stratification in differ-
ent clinical contexts, such as enrolment of high-risk patients in
clinical trials to eventual decisions on initiation and/or modifica-
tion of treatment and follow-up for IgAN patients in a personal-
ized manner. Prospective studies should explore IgAN237 perfor-
mance for each clinical context. 
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