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ABSTRACT 

Background. The establishment of the Oxford classification and newly developed prediction models have improved the 
prognostic information for immunoglobulin A nephropathy ( IgAN ) . Considering new treatment options, optimizing 
prognostic information and improving existing prediction models are favorable. 
Methods. We used random forest survival analysis to select possible predictors of end-stage kidney disease among 37 
candidate variables in a cohort of 232 patients with biopsy-proven IgAN retrieved from the Norwegian Kidney Biopsy 
Registry. The predictive value of variables with relative importance > 5% was assessed using concordance statistics and 
the Akaike information criterion. Pearson’s correlation coefficient was used to identify correlations between the selected 
variables. 
Results. The median follow-up period was 13.7 years. An isolated analysis of histological variables identified six 
variables with relative importance > 5%: T %, segmental glomerular sclerosis without characteristics associated with 

other subtypes ( not otherwise specified, NOS ) , normal glomeruli, global sclerotic glomeruli, segmental adherence and 
perihilar glomerular sclerosis. When histopathological and clinical variables were combined, estimated glomerular 
filtration rate ( eGFR ) , proteinuria and serum albumin were added to the list. T % showed a better prognostic value than 

tubular atrophy/interstitial fibrosis ( T ) lesions with C-indices at 0.74 and 0.67 and was highly correlated with eGFR. 
Analysis of the subtypes of segmental glomerulosclerosis ( S ) lesions revealed that NOS and perihilar glomerular sclerosis 
were associated with adverse outcomes. 
Conclusions. Reporting T lesions as a continuous variable, normal glomeruli and subtypes of S lesions could provide 
clinicians with additional prognostic information and contribute to the improved performance of the Oxford 
classification and prognostic tools. 

LAY SUMMARY 

Immunoglobulin A nephropathy ( IgAN ) is the most prevalent glomerulonephritis and a leading cause of end-stage 
kidney disease ( ESKD ) in young adults. It has a heterogenous clinical picture, where some rapidly progress to ESKD 

while others experience a slight decrease in kidney functions over decades. A kidney biopsy is mandatory for the 
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diagnosis, and several histopathological features have been associated with disease progression. Currently, limited 
treatment options are available, but several promising treatment studies are underway. Therefore, it is important to 
identify patients at risk of disease progression. We used random forest survival analysis to identify clinical and 
histopathological variables associated with adverse outcomes, using a cohort of 232 patients with IgAN with an 

assumed moderate risk. We found that reporting tubular atrophy and interstitial fibrosis as an exact continuous 
variable, reporting subtypes of segmental glomerular sclerosis, and the number of normal glomeruli could improve 
prognostic information in IgAN. 

GRAPHICAL ABSTRACT 

Keywords: histology, IgA nephropathy, predictors, prognosis 
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NTRODUCTION 

he diverse clinical course of immunoglobulin A nephropathy 
 IgAN ) complicates patient information and clinical decision- 
aking. Several classifications and prognostic models have been 
eveloped during the last few decades; however, none has been
idely accepted or put to clinical use [ 1 ]. Considering the pos-
ibilities of future therapeutics, the need for reliable prognostic 
ools has become pressing [ 2 –4 ]. In 2009, an international group
f clinicians and pathologists developed the Oxford classifica- 
ion system to identify mesangial hypercellularity ( M ) , endocap- 
llary hypercellularity ( E ) , segmental glomerulosclerosis ( S ) and 
ubular atrophy/interstitial fibrosis ( T ) as risk factors for adverse 
utcomes in IgAN [ 1 , 5 ]. Crescents ( C ) were added to the original
lassification in 2016 [ 6 ]. The primary purpose of the Oxford clas-
ification was to design a user-friendly and reproducible biopsy 
eporting system that could also predict renal disease progres- 
h  
ion, help clinicians provide patients with more accurate prog-
ostic information, and identify patients suitable for inclusion
n clinical trials and those who might benefit from immunosup-
ressive treatment [ 5 ]. However, this classification has not been
ully developed and validated as a prognostic tool, and its clini-
al usefulness remains debatable. A recent study suggested that
he Oxford classification could be used to assess prognosis [ 7 ];
owever, these findings require further validation. Maillard and
ariat reported that the possible combined scores must be ex-
mined instead of using each of the individual values from the
lassification when predicting prognosis and that the prognostic
alue of subgroups should be assessed [ 8 ]. This has been done
y Itami et al., who recently concluded that this classification
ould be used to select patients for immunosuppressive treat-
ent [ 9 ]. Several prognostic tools that combine the Oxford clas-
ification with the clinical risk factors for disease progression
ave been developed [ 10 –12 ]. However, only the International
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gA Prediction Tool developed by Barbour et al. has been suffi- 
iently validated. The 2021 KIDGO guidelines encourage clini- 
ians to use the International IgA Nephropathy Prediction Tool 
 IIGAN-PT ) for patient information but not as a tool to select pa- 
ients requiring immunosuppressive treatment [ 13 ]. Recently, a 
imulation study showed that IIGAN-PT might help clinicians 
elect patients for treatment [ 14 ]. Furthermore, Barbour suggests 
hat, rather than developing new prediction tools, the IIGAN- 
T should be improved by updating the current parameters and 
onsidering new predictors [ 15 ]. The Oxford classification has 
ade the biopsy reporting of IgAN more standardized and re- 

iable. However, there could still be possible prognostic informa- 
ion from a renal biopsy not covered by the Oxford classification 
 16 , 17 ], which might improve the prognostic value of both the 
lassification and IIGAN-PT. 

In this study, we aimed to identify the clinical and 
istopathological risk factors for disease progression in IgAN us- 
ng a Norwegian cohort of 232 patients with a moderate risk of 
nd-stage kidney disease ( ESKD ) retrieved from the Norwegian 
idney Biopsy Register ( NKBR ) . 

ATERIALS AND METHODS 

thics 

his study was approved by the Western Norway Regional Com- 
ittee for Medical and Health Research Ethics ( reference no.
013/553 ) . Informed consent was obtained from all the study 
articipants. The research was done according to the Declara- 
ion of Helsinki. 

ata collection 

atient data and biopsy specimens were retrieved from the 
KBR at Haukeland University Hospital, Bergen, Norway. Follow- 
p data were obtained from The Norwegian Renal Registry, Rik- 
hospitalet, Oslo, Norway, and patient records. 

tudy cohort 

he study cohort consisted of patients > 18 years with biopsy- 
roven IgAN and estimated glomerular filtration rate ( eGFR ) 
 30 mL/min/1.73 m 

2 with biopsy specimens available for reanal- 
sis. In patients with eGFR > 60 mL/min/1.73 m 

2 , only patients 
ith proteinuria > 1 g/day were included, whereas patients with 
GFR of 30–60 mL/min/1.73 m 

2 were included irrespective of 
he proteinuria level. All kidney biopsies were performed before 
010. The study period was defined as the time from diagnostic 
idney biopsy to ESKD or the end of follow-up in April 2020. 

istopathological studies 

he original light microscopy biopsy slides, including immuno- 
istochemistry for IgA, IgG, IgM, C3, and C1q, were retrieved 
rom the NKBR files. Biopsies were stained with hematoxylin and 
osin, periodic acid–Schiff, periodic acid–silver methenamine 
 Jones ) and Masson trichrome. All biopsies were reviewed by 
n experienced renal pathologist blinded to the clinical data,
nd biopsies including > 8 glomeruli were scored according to 
he Oxford classification: M, E, S, T and C. The numbers of 
ormal and global sclerotic glomeruli and global and segmen- 
al necrotic glomeruli were also recorded. The S lesions were 
ubtyped into the perihilar, tip, collapsing and NOS ( not other- 
ise specified; segmental sclerosis without characteristics asso- 
iated with other subtypes ) variants. These characteristics were 
ecorded as continuous variables. The occurrences of adhesions,
odocyte hypertrophy, resorption droplets, hyalinosis and en- 
ocapillary foam cells were recorded. Light microscopic nor- 
al glomeruli were defined as having fewer than four cells in 
 mesangial area combined with the absence of other patholog- 
cal findings, as included in the Oxford classification. 

tatistical analysis 

o identify histopathological and clinical parameters of prog- 
ostic value, we used a random forest ( RF ) algorithm, a machine 
earning ( ML ) algorithm that creates prognostic models based on 
ecision trees [ 18 ]. This algorithm can identify prognostic vari- 
bles in high-dimensional datasets and rank them according to 
mportance [ 19 ]. The RF algorithm has recently been used to cre-
te risk prediction models [ 20 ], whereas others have used de- 
ision trees for variable selection before developing traditional 
ox models [ 21 ]. The RF algorithm has been suggested to be suit-
ble for prognostic IgAN modeling [ 22 ]. The variables were listed
ccording to their absolute and relative importance. Relative im- 
ortance > 5% was set as the cutoff for further assessment. Vari- 
ble importance is the aggregated importance of a selected vari- 
ble from all decision trees and shows the impact of the variable 
n predicting the outcome [ 23 ]. Imputation was used in cases 
f missing treatment data, as excluding patients with missing 
ata could compromise generalizability [ 24 ]. Cox regression was 
sed for survival analysis. Comparison of prognostic value be- 
ween variables was performed using concordance statistics ( C- 
tatistics ) and the Akaike information criterion ( AIC ) . A compar- 
son C-test was performed to determine significant differences 
etween the C-indices [ 25 ]. Potential correlations between the 
ariables were assessed using Pearson’s correlation coefficients.
ox regression analysis was used to assess the survival rates. 
All statistical analyses were performed using R software 

 version 4.0.3; R Foundation for Statistical Computing, Vienna,
ustria ) and the randomForestSRC package for RF statistics. 

ESULTS 

n total, 232 patients were included in this study; 181 ( 78% ) were 
en and 62 ( 29.7% ) developed ESKD during the study period. The 
edian follow-up period was 13.7 years, and the median num- 
er of glomeruli in the biopsies was 11. The baseline character- 
stics of the patients are shown in Table 1 . 

A total of 37 candidate variables were assessed. All available 
ariables are listed in Table 2 . The RF analysis ranked the vari-
bles according to their importance, as shown in Fig. 1 a and b. An
solated analysis of histological variables showed that six vari- 
bles presented relative importance > 5%: T %, S-NOS, normal 
lomeruli, global sclerotic glomeruli, segmental adherence and 
erihilar glomerular sclerosis. When histopathological and clin- 
cal variables were combined, eGFR, proteinuria and serum albu- 
in were added to the list, whereas the importance of perihilar 
lomerular sclerosis was diminished. The variables are listed ac- 
ording to absolute and relative importance in Tables 3 A and 3 B,
espectively. 

The prognostic value of T % ( 0%–100% ) and T lesions ( T1 + T2 )
ere demonstrated with a C-index at 0.74 [standard deviation 

 SD ) = 0.03] and 0.67 ( SD = 0.029 ) , respectively ( P = .004 ) . Fur-
her, AIC was 640.5 for T %, compared with 651.9 for T lesions.
his indicates that reporting the presence of T lesions could 
rovide better prognostic information than reporting accord- 
ng to the Oxford classification. Furthermore, Pearson’s test of 
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Table 1: Baseline characteristics of the study participants. 

Characteristics Cohort 

Number of patients 232 
Follow-up ( years ) all patients, median ( IQR ) 13.7 ( 6.4–17.9 ) 
Follow-up ( years ) renal survival, median ( IQR ) 15.8 ( 11.1–19.6 ) 
Age at biopsy ( years ) , median ( IQR ) 37.0 ( 27.0–48.0 ) 
Male sex ( % ) 181 ( 78.0 ) 
Number of glomeruli, median ( IQR ) 11 ( 8–15 ) 
MEST-C score a 

M = 1 ( % ) 87 ( 47.5 ) 
E = 1 ( % ) 75 ( 40.9 ) 
S = 1 ( % ) 149 ( 81.4 ) 
T ( T1 + T2 ) b = 1 ( % ) 27 ( 14.8 ) 

Crescents 82 ( 44.8 ) 
C = 1 ( % ) 73 ( 39.9 ) 
C = 2 ( % ) 9 ( 4.9 ) 

eGFR ( mL/min/1.73 m 

2 ) , median ( IQR ) 66.9 ( 50.4–87.1 ) 
Proteinuria ( g/day ) , median ( IQR ) 2.13 ( 1.1–4.0 ) 
Serum albumin ( g/L ) , median ( IQR ) 39 ( 35–43 ) 
Systolic blood pressure ( mmHg ) , median ( IQR ) 135.0 ( 125.0–150.0 ) 
Diastolic blood pressure ( mmHg ) , median ( IQR ) 85 ( 80.0–94.2 ) 
MAP ( mmHg ) , median ( IQR ) 102,0 ( 93.0–112.0 ) 
RAAS ( % ) 178 ( 76.7 ) 
Immunosuppressants ( % ) c 45 ( 19.5 ) 
Clinical outcome 

ESKD ( % ) 69 ( 29.7 ) 

a A total of 183 of 232 ( 79% ) patients with > 8 glomeruli, and 49 ( 21% ) had > 5–8 
glomeruli. 
b T1 and T2 lesions merged for statistical simplicity ( three patients had T2 lesions 

in total ) . 
c Immunosuppressants at the time of biopsy or during follow-up. 
IQR: interquartile range; M: mesangial hypercellularity; E: endocapillary hyper- 
cellularity; S: segmental glomerulosclerosis; T: tubular atrophy/interstitial fibro- 

sis; MAP: mean arterial pressure; RAAS: renin–angiotensin–aldosterone system. 
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orrelation between T % and eGFR revealed R = –0.53 [95% con-
dence interval ( CI ) −0.61 to −0.43, P < .001], indicating a strong
orrelation between the variables. This correlation is shown in a
orrelation plot ( Fig. 2 ) . 

The analysis of S lesion subgroups revealed that S-NOS and
erihilar glomerular sclerosis were associated with adverse out- 
omes and that reporting of perihilar glomerular sclerosis and 
-NOS variants has a more substantial prognostic value than S1
esions. This was illustrated by an assessment of the predictive
alue between a Cox model, which combined S-NOS and peri-
ilar glomerular sclerosis with a Cox model based on S lesions
 C-index: 0.68 vs 0.59, P = .005, and AIC: 676 vs 681 ) . Correlation
nalysis revealed that S-NOS variants were highly associated 
ith proteinuria [R = 0.26 ( 95% CI 0.14–0.38 ) , P < .001]; however,
o such correlation was observed in perihilar, tip, collapsing and
egmental adherence variants. 

Additionally, neither any other component of the Oxford 
lassification ( M, E and C lesions ) nor other histopathological 
eatures ( such as C3 deposits, vascular pathology and clinical 
eatures—hypertension, age and sex ) proved to have a signifi- 
ant influence on outcome in our study. 

ISCUSSION 

n this study, we explored the clinical and histopathological data
f a cohort with a very long follow-up period using an RF al-
orithm to identify several variables associated with ESKD in 
gAN. We observed that the prognostic value of T lesions might
mprove if reported as a continuous variable rather than cat-
gorized as T0–T2 lesions and that S lesion subtypes, such as
-NOS and perihilar glomerular sclerosis, have increased prog-
ostic value over other S lesions. Additionally, the reporting of
ormal glomeruli could provide valuable prognostic informa- 
ion. These findings support adjustments in biopsy reporting in
atients with IgAN. 

 lesions 

he prognostic value of T lesions has been demonstrated in sev-
ral studies [ 6 ] and was confirmed in this study. The original Ox-
ord classification defines T lesions as the “percentage of the cor-
ical area involved in tubular atrophy or interstitial fibrosis.” It
ivides the lesions into three groups: T0 ( 0%–25% ) , T1 ( 26%–50% )
nd T2 ( > 50% ) , arguing that “this straightforward reproducible
lassification is widely used in clinical practice” [ 5 ]. The mean
azard ratio increased from 1.0 in T0 to 5.0 and 8.8 in the T1
nd T2 groups, respectively. Furthermore, they observed that the
utcomes in patients without T lesions and those with up to 25%
 lesions were the same, and therefore chose to merge these two
ategories for statistical simplicity. We also observed that the
ercentage of T lesions present had a prognostic value, suggest-
ng that the presence of T lesions < 25% could be of prognostic
alue and that the percentage of T lesions could be used as a con-
inuous variable in prognostic models rather than categorized as
0–T2. Notably, dichotomizing continuous variables should be 
voided because they may compromise prognostic information 
 26 ]. However, whether a renal biopsy is fully representative is
nclear, which supports a more general classification [ 27 ]. Fur-
hermore, the reproducibility of T lesions among pathologists
ay be inaccurate if the reporting of T lesions is more detailed.
eproducibility can be improved through automated morpho- 
ogical analyses based on deep learning [ 28 ]. Moreover, as mod-
rn prognostic tools are available as mobile applications and
nline tools, clinicians can easily enter the exact percentage of
 lesions if provided in the pathology report. 
The association between T lesions and reduced kidney func-

ion has been described in numerous previous studies [ 29 , 30 ].
e identified a strong correlation between the percentage of
 lesions and eGFR, with a steady decrease in eGFR coinciding
ith an increase in T lesions. 

 lesions 

 lesions have been associated with adverse outcomes in nu-
erous studies [ 6 ]. The Oxford classification recommends that
 lesions should be scored as S0 when S lesions are absent and S1
f present. Reportedly, S lesions are associated with proteinuria,
educed eGFR and higher mean arterial pressure [ 5 ]. In our study,
e observed that S lesion subtypes such as S-NOS, global scle-
otic glomeruli, segmental adherence and perihilar glomerular 
clerosis are associated with adverse outcomes, and that S-NOS
nd perihilar glomerular sclerosis have a more substantial prog-
ostic impact than other subtypes and S lesions as a whole. 
S-NOS levels are strongly correlated with proteinuria. Bel-

ur et al. showed that S lesions are associated with proteinuria.
n addition, podocyte hypertrophy and tip lesions were associ-
ted with an even higher level of proteinuria, suggesting that
athological podocyte findings should be reported alongside vis-
ble S lesions in an updated version of the Oxford classification
 31 ]. However, our results do not fully support their conclusion.
either tip lesions nor podocyte hypertrophy turned out to be
aluable prognostic predictors. El Karoui et al . discovered that
gAN presents with findings similar to those of primary focal
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Table 2: All variables available. 

Number Variables Variable type 

Clinical variables 
1 Age Categorical 
2 Sex Categorical 
3 eGFR Continuous 
4 Proteinuria Continuous 
5 Serum albumin Continuous 
6 Systolic blood pressure Continuous 
7 Diastolic blood pressure Continuous 

Glomeruli ( L ) 
8 Normal glomeruli Continuous 
9 Segmental/global necrotic glomeruli Continuous 

10 Global necrotic glomeruli Continuous 
11 Global sclerotic glomeruli Continuous 

Oxford classification ( L ) 
12 Mesangial hypercellularity ( M ) Categorical 
13 Endocapillary hypercellularity ( E ) Categorical 
14 Segmental glomerulosclerosis ( S ) Categorical 
15 Segmental adherence Continuous 
16 Peripheral unspecific segmental glomerular sclerosis ( NOS ) a Continuous 
17 Tip lesion Continuous 
18 Perihilar Continuous 
19 Collapsing glomeruli Continuous 
20 Podocyte hypertrophy Continuous 
21 Resorption droplets within podocytes Categorical 
22 Hyalinosis Categorical 
23 Endocapillary foam cells Categorical 
24 Tubular atrophy/interstitial fibrosis ( T ) b Categorical 
25 T percent ( % ) Continuous 
26 Crescents ( C ) c Categorical 

Vascular damages ( L ) 
27 Arteriole present Categorical 
28 Interlobar artery present Categorical 
29 Interlobar artery intima thickening Categorical 
30 Arcuate artery present Categorical 
31 Arcuate artery intima thickening Categorical 
32 Arterial hyalinosis Continuous 

Deposits ( I ) 
33 IgA deposits Categorical 
34 IgG deposits Categorical 
35 IgM deposits Categorical 
36 C3 positivity Categorical 
37 C1 positivity Categorical 

a Segmental sclerosis without characteristics associated with other subtypes. 
b T lesions include T1 and T2 lesions. 
c Crescents include C1 and C2 lesions. 
L: assessed using light microscopy; I: assessed using immunohistochemistry; Ig: immunoglobulin. 
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egmental glomerulosclerosis ( FSGS ) and suggested that the 
olumbia classification used for primary FSGS could supple- 
ent the Oxford classification [ 32 ]. However, the prognostic 
alue of this combination remains unclear. Yu et al . came to an- 
ther conclusion, suggesting that S lesions be subclassified into 
0, S1 and S2 because patients with < 25% and > 25% of S lesions
ave different prognoses [ 33 ]. 

he number of light microscopic normal glomeruli 

e observed that the number of normal glomeruli had a 
rognostic value. This variable was considered for the 2009 
xford classification but was omitted because of poor re- 
roducibility [ 1 ]. However, the number of normal glomeruli 
as been shown to have prognostic value in the Renal 
isk Score for ANCA-associated vasculitis [ 34 ], and later 
or anti-glomerular basement membrane disease [ 35 ] where 
he percentage of normal glomeruli was the only inde- 
endent risk factor for ESKD in multivariate analysis [ 35 ].
espite their prognostic value, care should be taken when in- 
luding histopathological findings with low reproducibility in 
rediction models [ 36 ]. Nevertheless, reproducibility may im- 
rove with future diagnostic aids, such as ML. 

ther histopathological findings 

n our cohort, some patients exhibited a combination of mesan- 
ial and capillary IgA deposits; however, we identified no as- 
ociation between IgA or IgG deposits and adverse outcomes.
hese findings are consistent with those of a previous study by 
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Figure 1: ( a ) All histological variables ranged after importance. ( b ) Clinical and histological variables ranged after importance. 
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ellur et al . However, they recommended that IgA and IgG de-
osits should be included in the biopsy report [ 37 ]. Also in line
ith our findings, Turgutalp et al., in a recent study, discovered
hat neither glomerular IgG negativity nor positivity, as assessed 
y immunofluorescence, had prognostic value in IgAN [ 38 ]. In-
erestingly, we did not find C lesions to have any prognostic
ignificance. This is consistent with the current understanding 
f C lesions [ 39 ]; they may be strongly influenced by immuno-
uppressive therapy [ 39 ]. Despite having high levels of protein-
ria, relatively few patients in our study received immunosup-
ressive treatment. However, the course of the disease could be
odified by treatment in some cases. Park et al. concluded that
3 deposits have an additional prognostic value in patients that
resented with M, S or T lesions, suggesting that complement
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Table 3A: Histological variables listed according to importance a , b . 

Variable 
Absolute 

importance 
Relative 

importance 

T percent 0.114 1.000 
Peripheral unspecific segmental 
glomerular lesion ( NOS ) 

0.026 0.226 

Normal glomeruli 0.013 0.117 
Global sclerotic glomeruli 0.011 0.097 
Segmental adherence 0.009 0.079 
Perihilar glomerular sclerosis 0.008 0.071 
Tip lesion 0.004 0.038 
C lesion c 0.004 0.031 
T lesions d 0.002 0.017 
Hyalinosis 0.001 0.008 

a Only the 10 highest-ranked variables are listed. 
b Variables with relative variable importance > 5% are marked in bold. 
c Crescents include C1 and C2 lesions. 
d T lesions include T1 and T2 lesions 
C: crescents; T: tubular atrophy/interstitial fibrosis. 

Table 3B: Clinical and histological variables listed according to im- 
portance a , b . 

Variable 
Absolute 

importance 
Relative 

importance 

T percent 0.077 1.000 
eGFR 0.029 0.376 
Peripheral unspecific segmental 
glomerular lesion ( NOS ) 

0.020 0.254 

Proteinuria 0.015 0.198 
Serum albumin 0.012 0.158 
Global sclerotic glomeruli 0.009 0.112 
Normal glomeruli 0.007 0.093 
Segmental adherence 0.005 0.068 
Age 0.003 0.040 
Tip lesion 0.003 0.037 

a Only the 10 highest-ranked variables are listed. 
b Variables with relative variable importance > 5% are marked in bold. 
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eposition should be included in the Oxford classification [ 40 ].
ur findings do not support their conclusion, as C3 deposits had 
o prognostic value in our cohort. In the original Oxford classi- 
cation study, the Artery score showed good reproducibility and 
as initially considered for inclusion in the classification [ 1 ]. It 
as associated with hypertension and a decline in eGFR but not 
roteinuria. Furthermore, the severity of arterial lesions was not 
ssociated with decreased renal survival [ 5 ]. Wu et al. discovered 
hat intrarenal arterial lesions were a common finding related to 
everal risk factors for disease progression but did not examine 
he impact on renal survival [ 41 ]. In our study, vascular pathol- 
gy was not identified as a risk factor for ESKD. 

linical risk factors 

e identified several clinical risk factors in our cohort, includ- 
ng high proteinuria and reduced eGFR. This has been demon- 
trated in several previous studies. Decreased serum albumin 
evels, which are strongly associated with proteinuria, were also 
ssociated with adverse outcomes in this cohort. Further, eGFR 
nd proteinuria were included in the IIGAN-PT parameters. Sex 
id not have prognostic value and was not included as a variable 
n IIGAN-PT [ 10 ]. However, Schena et al . recently developed an-
ther risk prediction tool for IgAN, the IgA Nephropathy Clinical 
ecision Support System, and included sex in their model [ 11 ].
he prognostic value of sex is still disputed, with some studies 
eporting male sex as a risk factor [ 42 –44 ], while others report no
ifferences between genders [ 45 ]. However, since sex is a factor 
n eGFR calculation, the prognostic value of sex in kidney disease 
ay be difficult to assess. 

se of ML in predicting prognosis 

raditionally, the potential risk factors for disease progression 
ave been identified using univariate and multivariate Cox re- 
ression analyses. However, these analyses may be insufficient 
or exploring datasets with many variables [ 46 ]. ML has become 
ore prevalent in data exploration and the derivation of prog- 
ostic tools [ 47 ]. Chen et al. used a gradient tree boosting method
o identify 10 of 36 candidate variables when developing a prog- 
ostic model for IgAN [ 21 ]. Conversely, Liu et al. used the RF tech-
ique to explore data and create a prognostic tool [ 48 ], and ver-
fied the selected prognostic values using traditional regression 
nalyses. 

The inclusion criteria were based on previous studies where 
e observed that in patients with assumed benign IgAN 

 proteinuria < 1 g/day and eGFR > 60 mL/min/1.73 m 

2 ) , the Ox-
ord classification was not able to identify progressors [ 49 ],
hereas in patients with more severe kidney failure ( eGFR 
 30 mL/min/1.73 m 

2 ) , histopathological data also had limited 
rognostic value [ 50 ]. We, therefore, choose to include patients 
here risk prediction is most difficult. 
This study has several limitations. First, it is a retrospec- 

ive study with a relatively small cohort, although the total 
umber of patients is similar to the original Oxford classifi- 
ation study. Second, this was an all-Norwegian cohort, and 
he findings may not be representative of other ethnic groups.
hird, the biopsies were evaluated by a single highly experienced 
ephropathologist. Further detection of glomerular immune 
eposits was based on immunohistochemistry, and potential 
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nformation available from immunofluorescence was missing.
inally, more detailed treatment data would have been prefer- 
ble. Nonetheless, the strengths of this study include long-term 

ollow-up and robust endpoints. 
In conclusion, we observed that reporting T lesions as a con-

inuous variable, normal glomeruli and subtypes of S lesions 
ould provide clinicians with valuable prognostic information 
nd might contribute to improved performance of the Oxford 
lassification and newly developed prognostic tools. Future re- 
earch should focus on further improving the Oxford classifica- 
ion and prediction models for IgAN. However, it is worth noting
hat the importance of reproducibility and the addition of new
ariables could compromise user-friendliness. 
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