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ABSTRACT 

Background. The ANCA Renal Risk Score was updated in 2023 to the ANCA Kidney Risk Score ( AKRiS) to improve 
clinicopathological prognostication in patients with anti-neutrophil cytoplasmic antibody ( ANCA) -associated vasculitis 
( AAV) and kidney involvement. Our study aimed to assess whether incorporating recently identified predictors of kidney 
survival in AAV could further refine the prognostic accuracy of AKRiS in our multicentric cohort. 
Methods. We retrospectively reviewed all incident AAV with kidney biopsy from 2005 to 2020. Cox regression analysis 
examined factors [AKRiS, dialysis within 4 weeks, urine protein–creatinine ratio ( UPCR) and hematuria at baseline, C3 
deposits, renal arteritis on biopsy, estimated glomerular filtration rate ( eGFR) , UPCR and hematuria after induction] 
associated with kidney failure. These factors in combination with AKRiS were analyzed using the area under the receiver 
operating characteristic curve ( AUROC) for prediction of kidney failure. 
Results. The cohort included 115 patients ( age 64 years, 55% male, 57% myeloperoxidase-ANCA, baseline creatinine 
3.6 mg/dL, eGFR 16 mL/min/1.73 m2 ) , with 34 ( 30%) dialysed within 4 weeks. During a median 6.4-year follow-up, 39 ( 34%) 
patients progressed to kidney failure, and 13 ( 11%) died. Cox analysis identified AKRiS, dialysis within 4 weeks, C3 
deposits, renal arteritis on biopsy, lower eGFR after induction and higher UPCR after induction as unadjusted risk factors 
for kidney failure. After adjusting for AKRiS, dialysis within 4 weeks [hazard ratio ( HR) 6.20 ( 95% confidence interval 2.76 
to 13.95) , P ≤ .001], eGFR after induction [HR 0.94 ( 0.89 to 0.99) , P = .03] and UPCR after induction [HR 1.62 ( 1.02 to 2.58) , 
P = .04] remained significantly associated with kidney outcome. The AUROC for kidney failure prediction was 0.77 for 
AKRiS, increasing to 0.82, 0.80 and 0.79 when adding dialysis within 4 weeks, eGFR and UPCR after induction, respectively. 
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Conclusion. Dialysis within 4 weeks, eGFR after induction and UPCR after induction are able to predict long-term kidney 
outcome in AAV patients. Adjusting AKRiS for these variables modestly enhances its predictive power. We propose using 
them as placeholder endpoints for kidney failure in future studies. 

GRAPHICAL ABSTRACT 

Maalouli, C., et al.
Clinical Kidney Journal (2025)

@CKJsocial

Conclusion: Dialysis within 4 weeks, eGFR after induction and UPCR after induction 
were significant predictors of KF, and moderately improved AKRiS’s predictive 
power. These factors may serve as placeholder endpoints for KF in future studies.

Predicting prognosis in ANCA-associated vasculitis
with kidney involvement

The ANCA Kidney Risk Score (AKRiS) is a robust tool for predicting kidney failure in ANCA-associated vasculitis
(AAV) patients. Incorporating other predictors of kidney failure (KF) to AKRiS may improve its prognostic accuracy.

Methods Results

115 AAV patients with
kidney biopsy

2005–2020

Cox analysis for factors
associated with KF

AUROC for AKRiS in
association with above factors 

Age 64 y
MPO-ANCA 57%
Creatinine 3.6 mg/dl
eGFR 16 ml/min/1.73 m2

Kidney failure in 39 (34%)
during FUP 6.4 y

•Dialysis within 4 weeks
•eGFR after induction
•UPCR after induction

significantly associated with KF after
adjusting for AKRiS

+ dialysis within 4 weeks
AUROC for KF = 0.77 for AKRiS

+ eGFR after induction

+ UPCR after induction

0.82

0.80

0.79

Keywords: AKRiS, ANCA Renal Risk Score, pauci-immune necrotizing glomerulonephritis 
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KEY LEARNING POINTS 

What was known: 

• The ANCA Kidney Risk Score ( AKRiS) is a robust tool for p
associated vasculitis patients.

This study adds: 

• Dialysis within 4 weeks of presentation, glomerular filtra
( UPCR) after induction significantly predicted the risk of k

• Addition of dialysis within 4 weeks, GFR after induction an
performance.

Potential impact: 

• These variables may be used as placeholder endpoints for

NTRODUCTION 

nti-neutrophil cytoplasmic antibody ( ANCA) -associated vas- 
ulitis ( AAV) are a group of severe autoimmune disorders involv- 
ng small-vessel vasculitis. They are characterized by the devel- 
ting kidney failure in anti-neutrophil cytoplasmic antibody–

ate ( GFR) after induction and urine protein–creatinine ratio 
 failure, independently of AKRiS.
CR after induction to AKRiS modestly improved its predictive 

ey failure in future studies.

pment of autoantibodies to neutrophil proteins myeloperoxi- 
ase ( MPO) or proteinase 3 ( PR3) [1 ]. Kidney involvement is com- 
on and often severe, with up to 20%–25% patients reaching kid- 
ey failure within a few years of diagnosis [2 ]. The treatment of
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AV includes an induction regimen, followed by a maintenance 
egimen [3 , 4 ]. 

Several classification scores, essentially based on kidney 
unction at presentation and histopathological characteristics,
ave been evaluated as prognostication tools in AAV [5 ]. Ac-
urate prognostication allows clinicians to identify patients 
t higher risk of progression and may enable personalized 
herapeutic management and disease progression monitoring.
erden et al . proposed a classification based on the percentage
f sclerotic, normal and cellular crescentic glomeruli on initial 
idney biopsy. The focal class showed the best kidney survival,
ollowed by the crescentic, mixed and fibrotic classes [6 ]. The
ayo Clinic Chronicity Score is a semi-quantitative approach to 
ssessing global and segmental glomerulosclerosis, interstitial 
brosis and tubular atrophy ( IFTA) in all kidney biopsies [7 ]. This
hronicity score independently predicted kidney function in a 
ohort of AAV patients [8 ]. The ANCA Renal Risk Score ( ARRS)
as developed using a multicenter prospective cohort and in- 
luded three parameters: percentage of normal glomeruli, per- 
entage IFTA and estimated glomerular filtration rate ( eGFR) at 
resentation. The ARRS predicted kidney failure risk as low, in-
ermediate and high [9 ]. Several studies confirmed the prognos-
ic utility of ARRS, as did a recent meta-analysis [10 –17 ]. 

The ARRS was recently revised, with serum creatinine re- 
lacing eGFR and an additional risk group added ( very high risk
f kidney failure) . This new ANCA Kidney Risk Score ( AKRiS) 
ad a strong discriminative ability in predicting kidney func- 
ion outcome in a large international cohort [18 ]. AKRiS has
he potential to become the gold standard of ANCA-associated 
lomerulonephritis prognostication, but more validations are 
eeded with collaboration across centers and with comparisons 
f scores [19 , 20 ]. As the prognostic yield of AKRiS decreases
ver time, a second calculation of AKRiS, including post-therapy 
idney function, may improve its long-term performance [21 ,
2 ]. Recently, the Percentage of ANCA Crescentic Score ( PACS) 
as developed to predict risk of kidney failure in a Japanese co-
ort. This score takes into account the percentage of cellular
rescents, fibrocellular crescents, fibrous crescents and sclerotic 
lomeruli [23 ]. 

Amongst other potential predictors of kidney survival in AAV,
ow serum C3 and complement deposition in kidney biopsy have
een associated with worse outcomes [24 –28 ]. In addition, the
ncorporation of AAV-associated arteritis significantly improved 
he discrimination of ARRS in predicting kidney failure in a large
rench cohort [29 ]. Lastly, persistent proteinuria [urine protein–
reatinine ratio ( UPCR) ≥0.05 g/mmol] after induction therapy 
as associated with kidney failure or death in a post-hoc anal-
sis of AAV patients having participated in five European ran-
omized clinical trials [30 ]. 
We aimed to determine whether adding selected factors at 

resentation and after induction therapy to AKRiS could im- 
rove the prediction of kidney failure in our multicentric cohort.

ATERIALS AND METHODS 

atient cohort 

e identified all incident cases of AAV with kidney involvement
rom our kidney biopsy registry. Kidney biopsies were performed 
rom 1 January 2005 to 31 December 2020 in one of the hospi-
als of the UCLouvain Kidney Disease network ( list provided in 
he Acknowledgments section) . Inclusion criteria included age 
18 years, pauci-immune glomerulonephritis, a minimum of 
ve glomeruli per biopsy, kidney biopsy performed < 1 month
fter start of immunosuppressive therapy and a follow-up of
t least 12 months for patients who had not died within the
ear following kidney biopsy. Patients with ( i) eosinophilic gran- 
lomatosis with polyangiitis, ( ii) double-positive serology for 
nti-glomerular basement membrane antibodies and ANCA, or 
 iii) coexisting glomerular diseases [such as concomitant im- 
unoglobulin ( IgA) or lupus nephritis] were excluded. ANCA 

ere detected using enzyme-linked immunosorbent assay for 
PO and PR3 in all centers. 
The Saint-Luc Hospital’s Ethical Committee approved the 

tudy ( 2020/28AVR/253) and the study procedures were in accor- 
ance with the Helsinki Declaration of 1975, as revised in 2013. 

ata collection and outcomes 

atient characteristics were collected at baseline, including de-
ographics, ANCA-subtype and titer, kidney function ( and dial- 
sis requirement within 4 weeks of presentation, considered
s early dialysis) and pathological findings ( see below) . Kidney 
unction, hematuria and proteinuria parameters were collected 
t 3–6 months ( after induction therapy) , 12 months, 24 months
nd at the last follow-up. GFR was estimated using the Chronic
idney Disease Epidemiology Collaboration equation 2021. 
The main outcome studied was the cumulative percent-

ge of patients developing kidney failure, defined as the need
or chronic dialysis ( > 3 months) or transplantation, over time,
ensored for death. The study was reported according to the
TROBE ( Strengthening the Reporting of Observational Studies 
n Epidemiology) guidelines. 

idney histology and analysis 

idney biopsies were processed using standard techniques for
ight microscopy and immunofluorescence ( IF) . Hematoxylin 
nd eosin, periodic acid–Schiff, trichrome and Jones colorations
ere used. IF was systematically performed using antibodies di-
ected against IgA, IgG, IgM, C3, C1q, kappa and lambda. 

The senior pathologist ( S.A.) reviewed all kidney biopsies to 
etermine the percentage of normal, cellular crescentic, fibrocel- 
ular crescentic, fibrous crescentic and sclerotic glomeruli, pres-
nce of renal arteritis, extent of IFTA and intensity of IF C3 de-
osits. Renal arteritis was defined by the presence of fibrinoid
ecrosis of the arterial wall and/or inflammatory infiltrate af-
ecting the media of interlobular and/or arcuate arteries [29 ].
erden classification, Mayo Clinic Chronicity Score, Percentage 
f ANCA Crescentic Score, ARRS and AKRiS were calculated in
ll patients. We used the creatinine level at presentation or just
efore initiation of dialysis in the ARRS and AKRiS scores. 

tatistical analysis 

ontinuous variables were summarized with the median and in-
erquartile range and categorical values with number and per-
entage. Cox proportional hazards regression analysis was per-
ormed to study selected factors ( among AKRiS, initiation of
ialysis within 4 weeks, UPCR at baseline, hematuria at base-
ine, presence of C3 deposits on IF, presence of renal arteritis
n biopsy, eGFR, UPCR and hematuria after induction) associ-
ted with time to kidney failure on follow-up ( death-censored) .
ecords with missing data were not taken into account in the
egression analysis. Hazard ratios ( HR) with 95% confidence in- 
ervals ( CI) are reported. The regression analysis was repeated 
n a sub-group of the cohort with a minimum of 10 glomeruli on
idney biopsy. The different factors in association with AKRiS
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Table 1: Characteristics at baseline. 

N * Total cohort, N = 115 Kidney failure, N = 39 No kidney failure, N = 76 

Demographics 
Age ( years) 115 64 ( 55–71) 65 ( 57–71) 63 ( 53–70) 
Gender ( male) 115 63 ( 55) 20 ( 51) 43 ( 57) 

Organ involvement 
ENT ( N) 115 24 ( 21) 7 ( 18) 17 ( 22) 
Lung ( N) 115 53 ( 46) 18 ( 46) 35 ( 46) 

Biological parameters at baseline 
Creatinine ( mg/dL) 115 3.6 ( 2.2–6.0) 5.6 ( 3.6–8.5) 2.8 ( 1.7–4.5) 
Baseline GFR 115 15.52 ( 7.86–29.22) 8.35 ( 5.42–15.09) 19.75 ( 12.14–37.36) 
Dialysis within 4 weeks ( N) 115 34 ( 30) 23 ( 59) 11 ( 14) 
Baseline UPCR ( g/g) 108 1.37 ( 0.74–2.76) 1.65 ( 1.01–3.28) 1.19 ( 0.70–2.40) 
Baseline hematuria ( /μL) 97 59 ( 24–168) 50 ( 34–100) 69 ( 22–189) 
ANCA type ( MPO/PR3) 115 66/42 23/14 43/28 
ANCA titer ( AU/L) 103 112 ( 56–161) 110 ( 44–200) 119 ( 75–157) 
CRP ( mg/dL) 115 34 ( 15–115) 27 ( 10–115) 39 ( 15–122) 

Histological data 
Number of glomeruli ( N) 115 14 ( 10–20) 12 ( 7–22) 14 ( 11–19) 
Normal glomeruli ( %) 115 27 ( 14–46) 13 ( 4–25) 35 ( 22–50) 
Crescentic glomeruli ( %) 115 32 ( 15–50) 27 ( 14–57) 35 ( 16–47) 
Cellular crescentic glomeruli ( %) 115 14 ( 6–33) 13 ( 6–27) 18 ( 7–36) 
Fibrocellular crescentic glomeruli ( %) 115 0 ( 0–14) 3 ( 0–17) 0 ( 0–11) 
Fibrous crescentic glomeruli ( %) 115 0 ( 0–6) 0 ( 0–9) 0 ( 0–6) 
Sclerotic glomeruli 115 17 ( 7–31) 20 ( 9–52) 13 ( 6–27) 
IFTA 115 

0 50 ( 43) 14 ( 36) 36 ( 47) 
1 30 ( 26) 8 ( 21) 22 ( 29) 
2 24 ( 21) 9 ( 23) 15 ( 20) 
3 11 ( 10) 8 ( 21) 3 ( 4) 

Arteritis 115 7 ( 6) 5 ( 13) 2 ( 3) 
IF C3 deposits ( ≥1 +) 103 45 ( 44) 20 ( 63) 25 ( 35) 

Data presented as median ( IQR) or N ( %) . 
N *, number of patients with available data. 
ENT, ear, nose, throat; UPCR, urinary protein to creatinine ratio; IFTA, interstitial fibrosis and tubular atrophy; CRP, C-reactive protein. 
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ere analyzed using the area under the receiver operating char- 
cteristic curve ( AUROC) for prediction of kidney failure over the 
tudy period. 

Selected baseline variables ( AKRiS, initiation of dialysis 
ithin 4 weeks, UPCR and hematuria at baseline, presence of 
3 deposits on IF, presence of renal arteritis on biopsy, eGFR,
PCR and hematuria after induction) were compared between 
atients recovering from early dialysis and those developing kid- 
ey failure, using Kruskal–Wallis for continuous variables and 
isher’s exact test for categorical variables. 

ESULTS 

aseline characteristics 

he cohort included 115 patients with AAV and kidney involve- 
ent ( Table 1 ) . The median age was 64 [interquartile range 

 IQR) 55–71] years and 55% of patients were males. The pa- 
ients presented with ear, nose and throat ( ENT) and lung 
nvolvement in 21% and 46% of cases, respectively. At base- 
ine, median creatinine level was 3.6 ( IQR 2.2–6.0) mg/dL and 
-reactive protein 34 ( IQR 15–115) mg/L. ANCA titer was 112 
 IQR 56–161) AU. Median hematuria was 59 ( IQR 24–168) /μL and 
PCR 1.37 ( IQR 0.74–2.76) g/g. Thirty-four patients ( 30%) re- 
uired hemodialysis within 4 weeks of initial presentation. Kid- 
ey biopsies contained a median of 14 ( IQR 10–20) glomeruli,
f which 27 ( IQR 15–46) % were normal, 32 ( IQR 15–50) % 

rescentic, 14 ( IQR 6–33) % cellular crescentic, 0 ( IQR 0–14) % 
brocellular crescentic, 0 ( IQR 0–6) % fibrous crescentic, and 
7 ( IQR 7–31) % sclerotic. Renal arteritis and C3 staining ( ≥1 + 

ntensity) were present in 6% and 44% of biopsies, respectively. 

nduction and maintenance therapy 

inety-seven ( 84%) , 12 ( 10%) and 6 ( 5%) patients received 
ntravenous cyclophosphamide/steroid, rituximab/steroid and 
teroid only based induction therapy, respectively. Additionally,
even patients underwent plasma exchanges ( Table 2 ) . 

Maintenance therapy was given to 88/111 patients ( 79%) 
 azathioprine 75, rituximab 8, ± low-dose steroids) . Maintenance 
herapy was stopped in 43/85 patients after a median duration 
f 2.4 years. 

idney function data after induction and kidney failure 
utcome 

leven of 34 patients ( 32%) who required hemodialysis within 
 weeks of presentation were weaned off dialysis ( time to re- 
overy: 40 days) ( Fig. 1 ) . After induction therapy, median eGFR,
PCR and hematuria levels were 38 ( IQR 23–55) mL/min/1.73 m2 ,
.60 ( IQR 0.26–1.37) g/g and 5 ( IQR 2–16) /μl ( Table 2 ) . eGFR in- 
reased and UPCR decreased during the first 24 months of fol- 
ow up, whilst hematuria disappeared between 3 and 6 months.
NCA titers decreased until approximately 6 months of follow- 
p ( Supplementary data, Fig. S1) . 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf268#supplementary-data
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Table 2: Induction therapy and subsequent kidney parameters. 

N * Total cohort, N = 115 Kidney failure, N = 39 No kidney failure, N = 76 

Induction with cyclophosphamide and steroids ( N) 115 97 ( 84) 33 ( 85) 64 ( 84) 
Induction with rituximab and steroids ( N) 115 12 ( 10) 2 ( 5) 10 ( 13) 
Induction with steroids alone 115 6 ( 5) 4 ( 10) 2 ( 3) 
eGFR after induction ( mL/min/1.73 m2 ) 85 38 ( 23–55) 20 ( 18–32) 39 ( 26–59) 
UPCR after induction ( g/g) 83 0.60 ( 0.26–1.37) 1.26 ( 0.60–1.80) 0.55 ( 0.25–1.30) 
Hematuria after induction ( /μL) 83 5 ( 2–16) 18 ( 6–30) 3 ( 1–12) 

Data are presented as median ( IQR) or N ( %) . 
N *, number of patients with available data. 

ANCA cohort
N=115

Early dialysis
N=34

No early dialysis
N=81

Alive without
kidney failure 

N=63

Kidney failure

N=39

Death without 
kidney failure

N=13

56 16 9 7 423

Figure 1: Patient outcome according to early dialysis status ( within 4 weeks of 
presentation) . 
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During a median follow up was 6.4 years ( IQR 5.7–7.5) , 39
 34%) patients progressed to kidney failure and 63 ( 55%) were 
live without kidney failure [eGFR 42 ( IQR 27–62) mL/min/1.73 
2 ] ( Fig. 1 ) . Thirty-three patients ( 29%) relapsed at a median of 
 years after presentation. Thirteen ( 11%) died before reaching 
idney failure [5, 3, 2, 2 and 1 death( s) attributed to cardiovascu-
ar complications, vasculitis, infection, cancer and other causes,
espectively]. 

istopathological and clinical risk scores 

he Berden classification, Mayo Clinic Chronicity Score, Per- 
entage of ANCA Crescentic Score, ARRS and AKRiS are shown
n Table 3 for the total cohort and according to kidney failure
utcome; 36%, 31%, 25% and 8% of patients were classified
s low, medium, high and very high risk according to AKRiS,
espectively. Patients in the AKRiS low, medium, high and very
igh risk groups progressed to kidney failure in 4/41 ( 10%) , 12/36 
 33%) , 15/29 ( 52%) and 8/9 ( 89%) cases, respectively ( Table 3 ) . 

actors associated with kidney failure outcome and 

ecovery from early dialysis 

ox proportional hazards analysis revealed that AKRiS, initia- 
ion of dialysis within 4 weeks, presence of C3 deposits on IF,
resence of renal arteritis on biopsy, lower eGFR after induc-
ion and higher UPCR after induction were associated with kid-
ey failure ( Table 4 ) . The results of the analysis repeated in the
ub-group of the cohort with a minimum of 10 glomeruli on
idney biopsy are shown in Supplementary data, Table S1. Fig- 
re 2 shows kidney survival of AAV patients according to AKRiS
isk group. 
Using a bivariate analyses model for each variable, after ad-
ustment for AKRiS, dialysis within 4 weeks, eGFR after induc-
ion and UPCR after induction remained significantly associated
ith progression to kidney failure ( Table 4 ) . Notably, C3 deposits,
enal arteritis on biopsy and hematuria after induction were not
ssociated with kidney outcome after adjusting for AKRiS. The
UROC for kidney failure prediction was 0.77 for AKRiS and in-
reased to 0.82, 0.80 and 0.79 when adding dialysis at presenta-
ion, eGFR after induction and UPCR after induction, respectively
 Fig. 3 ) . In comparison, AUROC for kidney failure prediction were
.61, 0.61, 0.68 and 0.74 for Berden classification, Mayo Clinic
hronicity Score, Percentage of ANCA Crescentic Score and ARRS
espectively ( curves not shown) . 

Among patients dialysed within 4 weeks, the percentage of
ormal glomeruli and absence of C3 deposits on biopsy were
ssociated with recovery from dialysis on univariate analysis
 P = .009 and P = .009, respectively) ( Table 5 ) . 

ISCUSSION 

KRiS demonstrated a strong discriminative ability in predict-
ng the risk of kidney failure in patients with AAV in our cohort,
ligning with the findings of three recent studies [18 , 19 , 21 ].
KRiS outperformed the Berden classification, the Mayo Clinic
hronicity Score and the Percentage of ANCA Crescentic Score,
nd showed similar predictive performance to ARRS in predict-
ng kidney survival in our cohort. Additional key clinical vari-
bles, including dialysis at presentation, eGFR after induction
nd UPCR after induction also significantly predicted risk of kid-
ey failure, after adjusting for AKRiS. 
Dialysis at presentation of AAV often indicates more severe

isease and/or a higher degree of chronic kidney damage. How-
ver, in our cohort, 32% of patients who began dialysis recovered
utonomous kidney function, consistent with previous studies 
31 , 32 ]. These have shown that despite advanced lesions on re-
al biopsy at diagnosis, patients requiring dialysis at presenta-
ion have a chance of renal recovery exceeding that of therapy-
elated death [31 ]. Notably, 8/21 ( 38%) patients who were initially
ialyzed and had a high AKRiS risk score recovered autonomous
idney function. As with other prognostic scores, AKRiS can help
linicians assess prognosis when discussing risks and potential
enefits of therapies, but cannot be used to rule out immuno-
uppressive therapy. 

In our cohort, both eGFR and UPCR measured after induction
ere significant predictors of kidney failure risk. Benichou et al .
howed that persistent proteinuria at the end of induction was
ssociated with a greater risk of death/kidney failure and kid-
ey relapse [30 ]. In our study, incorporation of post-induction
GFR or UPCR into the ARKiS model modestly improved its pre-
ictive performance, as reflected by a slight increase in AUROC.
 recent study by Sandino-Bermudez et al . reported that the

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaf268#supplementary-data
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Table 3: Prognostic risk scores. 

N * Total cohort, N = 115 Kidney failure, N = 39 No kidney failure, N = 76 

Berden classification 115 
Focal 26 ( 23) 3 ( 8) 23 ( 30) 
Crescentic 23 ( 20) 11 ( 28) 12 ( 16) 
Mixed 50 ( 43) 15 ( 38) 35 ( 46) 
Sclerotic 16 ( 14) 10 ( 26) 6 ( 8) 

Mayo Clinic Chronicity Score 107 
Minimal 38 ( 36) 11 ( 31) 27 ( 38) 
Mild 39 ( 36) 8 ( 22) 31 ( 44) 
Moderate 19 ( 18) 11 ( 31) 8 ( 11) 
Severe 11 ( 10) 6 ( 17) 5 ( 7) 

Percentage of ANCA Crescentic Score 58 ( 42–71) 67 ( 50–82) 54 ( 38–67) 
ARRS 115 
Low risk 35 ( 30) 3 ( 8) 32 ( 42) 
Medium risk 60 ( 52) 18 ( 46) 42 ( 55) 
High risk 20 ( 17) 18 ( 46) 2 ( 3) 

AKRiS 115 
Low risk 41 ( 36) 4 ( 10) 37 ( 49) 
Medium risk 36 ( 31) 12 ( 31) 24 ( 32) 
High risk 29 ( 25) 15 ( 38) 14 ( 18) 
Very high risk 9 ( 8) 8 ( 21) 1 ( 1) 

Data are presented as median ( IQR) or N ( %) . 
N *, number of patients with available data. 

Table 4: Predictors of kidney failure—survival analysis. 

Unadjusted Adjusted a 

N HR 95% CI P HR 95% CI P 

AKRiS 115 
Low risk ( 1) 1.00 ( ref) 
Medium risk ( 2) 4.04 1.30–12.53 .02 
High risk ( 3) 8.36 2.76–25.30 < .001 
Very high risk ( 4) 17.56 5.25–58.76 < .001 

Dialysis within 4 weeks 115 7.50 3.87–14.55 < .001 6.20 2.76–13.95 < .001 
Presence of C3 deposits 103 2.57 1.25–5.26 .01 1.76 0.83–3.73 .14 
Presence of renal arteritis 115 3.65 1.41–9.46 .008 2.25 0.84–6.06 .11 
UPCR at baseline 108 1.20 1.02–1.41 .03 1.00 0.83–1.21 .96 
Hematuria at baseline 97 1.00 1.00–1.00 .689 1.00 1.00–1.00 .50 
eGFR after induction 85 0.93 0.89–0.98 .002 0.94 0.89–0.99 .03 
UPCR after induction 83 1.90 1.25–2.89 .003 1.62 1.02–2.58 .04 
Hematuria after induction 83 1.01 1.00–1.02 .14 1.01 1.00–1.03 .09 

a Adjusted for AKRiS. 
N , number of patients with data. 
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redictive performance of AKRiS declined with longer follow- 
p intervals, but was significantly improved by adding the peak 
GFR attained post-therapy [21 ]. The difference in the magni- 
ude of AKRiS improvement between our study and that of 
andino-Bermudez may be attributed to differences in cohort 
haracteristics. Our cohort was older, had a higher proportion 
f MPO-ANCA positive patients, and showed more severe kid- 
ey involvement at baseline. Importantly, predictive scores that 
ncorporate both baseline and post-induction therapy variables 
re only applicable to patients who remain free of kidney fail- 
re following induction therapy, and are therefore challenging 
o compare statistically with scores used at baseline. In addi- 
ion, proteinuria after induction therapy may result from active 
lomerulonephritis or chronic kidney damage. In this sense, kid- 
ey biopsies may be useful in AAV patients with persistent pro- 
einuria after induction therapy to adapt immunosuppressive 
herapy [33 ]. 

Complement activation is emerging as a key contributor 
o poor renal outcome in AAV. Complement C3 staining ( ≥1 + 

ntensity) was observed in 44% of patients in our cohort, which 
s consistent with the findings of Oba et al . ( 39.4%) [25 ]. Although 
3 deposition was not significantly associated with kidney fail- 
re in multivariate analysis in our cohort, previous studies have 
hown its correlation with worse long-term outcomes [24 –28 ].
imilarly, renal arteritis was identified in 6% of our patient biop- 
ies and associated with kidney failure in univariate analysis.
his concurs with Boudhabhay et al ., who suggested that AAV 

atients with renal arteritis represented a distinct subtype, of- 
en characterized by older age, a more pronounced inflamma- 
ory syndrome and significantly poorer renal survival [29 ]. The 
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Figure 2: Kidney survival according to AKRiS classification. Kapan–Meier curve showing development of kidney failure of patients with AAV according to AKRiS risk 
class ( low, moderate, high and very high) . P < .001. 

Figure 3: ROC curve for ( a) early dialysis, AKRiS and both parameters ( N = 115) , ( b) eGFR after induction, AKRiS and both parameters ( N = 85) , and ( c) UPCR after 
induction, AKRiS and both parameters ( N = 83) . 
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oderate number of biopsies in our cohort may explain the lack
f significant association between C3 staining and renal arteri- 
is, and kidney failure. 

Altogether, dialysis within 4 weeks of presentation, eGFR af- 
er induction and UPCR after induction were significant predic- 
ors of kidney failure risk after adjustment for AKRiS. Adding
hese parameters to the AKRiS model moderately improved its 
redictive performance ( AUROC) . It is worth noting that AKRiS 
ncorporates creatinine levels, which may overlap with the in- 
ormation provided by dialysis within 4 weeks of presentation 
nd eGFR after induction. Also, AUROC may not be sensitive to
odest improvements in model performance, especially when 
dding new markers to a model that includes standard risk
actors [34 , 35 ]. A larger cohort would be necessary to reliably
stablish whether these additional variables improve the AKRiS
odel. Among patients who required dialysis within 4 weeks,

he percentage of normal glomeruli was associated with recov-
ry from dialysis on univariate analysis. This percentage, in-
luded in the AKRiS model, is known to be a very strong predictor
f kidney survival in AAV [18 , 31 ]. 
This study’s strengths include the use of a well-defined mul-

icentric cohort and comprehensive histopathological analysis.
owever, there are some limitations. The moderate sample size
ay have reduced the power to detect associations with features
uch as renal arteritis and C3 deposits. Another limitation is the
eview of kidney biopsies by only one senior pathologist [5 ]. 

In conclusion, AKRiS is a valuable tool for predicting kid-
ey failure in AAV patients, although it should not be used in
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Table 5: Characteristics at baseline of patients requiring early dialysis according to kidney function recovery. 

Initial dialysis without recovery, N = 23 Initial dialysis with recovery, N = 11 

Demographics 
Age ( years) 64 ( 55–70) 64 ( 56–71) 
Gender ( male) 14 ( 61) 8 ( 73) 

Organ involvement 
ENT ( N) 5 ( 22) 2 ( 18) 
Lung ( N) 14 ( 61) 6 ( 55) 

Biological parameters at baseline 
Baseline UPCR ( g/g) 1.49 ( 0.75–2.08) 1.73 ( 1.00–3.90) 
Baseline hematuria ( /μL) 80 ( 48–250) 191 ( 91–332) 
ANCA type ( MPO/PR3) 11/10 4/6 
ANCA titer ( AU/L) 126 ( 75–200) 101 ( 88–134) 
CRP ( mg/dL) 38 ( 23–131) 102 ( 22–231) 

Histological data 
Number of glomeruli ( N) 12 ( 7–20) 13 ( 10–17) 
Normal glomeruli ( %) 13 ( 2–17) 25 ( 17–50) 
Crescentic glomeruli ( %) 45 ( 22–64) 42 ( 35–60) 
Cellular crescentic glomeruli ( %) 19 ( 8–32) 33 ( 17–60) 
IFTA 

0 9 7 
1 5 2 
2 5 1 
3 4 1 

Vasculitis 4 ( 17) 1 ( 9) 
IF C3 deposits ( ≥1 +) 13 ( 54) 1 ( 9) 

Risk scores 
Berden classification 

Focal 1 3 
Crescentic 8 4 
Mixed 11 4 
Sclerotic 3 0 

Mayo Clinic Chronicity Score 
Minimal 7 6 
Mild 5 4 
Moderate 7 0 
Severe 1 1

Percentage of ANCA Crescentic Score 67 ( 50–82) 56 ( 44–67) 
ARRS 

Low risk 1 1 
Medium risk 8 10 
High risk 14 0 

AKRiS 
Low risk 1 1 
Medium risk 4 2 
High risk 13 8 
Very high risk 5 0 

Data are presented as median ( IQR) or N ( %) . 
N *, number of patients with available data. 

ENT, ear, nose, throat; CRP, C-reactive protein. 
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solation to guide therapeutic decisions. Its predictive accuracy 
ay be limited in patients requiring dialysis at presentation.
ialysis at presentation, eGFR after induction and UPCR after 
nduction are strong predictors of kidney failure. Incorporat- 
ng these factors into the AKRiS model moderately improves its 
redictive performance, and they may serve as practical place- 
older endpoints for kidney failure. The potential for recovery,
ven in patients with severe kidney involvement, underscores 
he importance of timely and personalized treatment strategies.

UPPLEMENTARY DATA 

upplementary data are available at Clinical Kidney Journal online .
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