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ABSTRACT 

Background. The anti-neutrophil cytoplasmic antibody ( ANCA) renal risk score ( ARRS) for predicting renal survival in 

ANCA-associated vasculitis ( AAV) had not previously been validated in adults over 65 years of age and presenting 
impairments associated with an aging kidney, a high cardiovascular comorbidity burden and prevalent microscopic 
polyangiitis. 
Methods. We retrospectively studied a cohort of 192 patients over 65 years of age [median ( interquartile range) age: 73 
( 68–78) years], including 17.2% with renal-limited vasculitis, 49.5% with microscopic polyangiitis and 33.3% with 

granulomatosis with polyangiitis, at six centres in northern France. The primary study endpoint was the cumulative 
incidence of end-stage kidney disease ( ESKD, maintenance of dialysis for at least 3 months) at 12 months, with death 

considered as a competing event. 

R

©
C
a

eceived: 17.10.2023; Editorial decision: 20.3.2024

The Author(s) 2024. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the Creative
ommons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/) , which permits non-commercial re-use, distribution, 
nd reproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

1 

https://academic.oup.com/
https:/doi.org/10.1093/ckj/sfae135
https://orcid.org/0000-0003-4487-9101
https://orcid.org/0000-0002-5953-5785
https://orcid.org/0000-0003-2514-4193
mailto:titeca.dimitri@chu-amiens.fr
https://players.brightcove.net/1611106596001/default_default/index.html?videoId=6349384157112
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com


2 Q. de Berny et al.

Results. The median serum creatinine concentration at diagnosis was 300 ( 202–502) μmol/L, and 48 ( 25.0%) patients 
required dialysis at presentation. The ARRS was high in 43 ( 22.4%) patients, medium in 106 ( 55.2%) and low in 43 ( 22.4%) . 
The cumulative incidence of ESKD at 12 months was 0% in the low-risk group, 13.0% ( interquartile range 7.6–20.0) in the 
medium-risk group and 44.0% ( 29.0–58.0) in the high-risk group ( P < .001) . In the subgroup of 149 patients presenting a 
medium or high score, the ARRS had a C-index of 0.66 ( 0.58–0.74) for the prediction of ESKD at 12 months; this rose to 
0.86 ( 0.80–0.90) when dialysis status at diagnosis was included. 
Conclusion. The ARRS was a poor predictor of kidney survival at 12 months among patients over 65 years of age with 

renal AAV involvement—especially in the high ARRS group. The addition of dialysis status at diagnosis as an additional 
clinical parameter might improve the predictive performance of the ARRS. 

GRAPHICAL ABSTRACT 
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NTRODUCTION 

nti-neutrophil cytoplasmic antibody ( ANCA) -associated vas- 
ulitis ( AAV) is a systemic inflammatory disease affecting small 
essels in general and those in the kidney in particular [1 , 2 ]. The 
idney damage in AAV is characterized by necrotizing crescentic 
lomerulonephritis and often leads to end-stage kidney disease 
 ESKD) requiring the initiation of kidney replacement therapy [3 ].
he incidence rate of the AAV peaks at 65–75 years of age [4 ], and
he median age at diagnosis is 60 years. Microscopic polyangiitis 
s more predominant in the oldest individuals and features pre- 
ominant renal involvement or renal-limited vasculitis [5 , 6 ]. 
The renal prognosis has attracted much interest. In 2010,

erden et al. developed a classification based on glomerular fea- 
ures and that comprises four classes: sclerotic, focal, crescen- 
ic and mixed [7 ]. Several validation studies confirmed the poor 
i
enal prognosis for the sclerotic class and the good renal prog- 
osis for the focal class [8 –10 ]. Tanna et al. found that a lower
ercentage of normal glomeruli, a greater degree of tubular atro- 
hy, anti-myeloperoxidase ( MPO-ANCA) positivity, older age and 
 lower estimated glomerular filtration rate ( eGFR) at presenta- 
ion were associated with a poor renal prognosis [11 ]. In 2018,
rix et al. developed the ANCA renal risk score ( ARRS) by sim- 
lifying the histological variables and adding the eGFR at diag- 
osis as a clinical parameter [12 ]. The ARRS has been validated 
n many cohort studies ( Supplementary data, Table S1) [13 –22 ].
n all the validation cohorts, however, the median age was be- 
ow 70 years. Predicting the renal prognosis remains challeng- 
ng in older adults because of their higher prevalences of car- 
iovascular comorbidities and pre-existing chronic kidney dis- 
ase, which can interfere with the management of AAV and 
nfluence the renal prognosis [23 ]. Furthermore, older adults 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae135#supplementary-data
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KEY LEARNING POINTS 

What was known: 

• The cohorts used to validate the anti-neutrophil cytoplasmic antibody ( ANCA) renal risk score ( ARRS) were not focused on 
age groups over 65 years of age.

• Older adults have a higher comorbidity burden and are more frequently affected by microscopic polyangiitis, which is often 
associated with worse renal survival.

• Aging kidneys naturally lose nephrons as a result of nephrosclerosis ( i.e. arteriosclerosis, glomerulosclerosis and tubular 
atrophy associated with interstitial fibrosis) and a loss of renal functional reserve.

This study adds: 

• This cohort study is the first to have investigated the ARRS specifically in adults over 65 years of age with ANCA-associated 
glomerulonephritis and a high cardiovascular comorbidity burden.

• In the low ARRS group, none of the patients developed end-stage kidney disease ( ESKD) at 12 months.
• In patients with a high ARRS group, the 12-month renal survival rate was around 50%; the ARRS was poorly predictive in 

this group. Taking dialysis status at diagnosis into account significantly improved the prediction of the renal survival.

Potential impact: 

• A medium or high ARRS was poorly predictive of ESKD at 12 months in 65 + patients presenting ANCA-associated glomeru- 
lonephritis.

• The need for dialysis at diagnosis is strongly associated with a worse renal prognosis and, by ameliorating the poor predic- 
tions of the ARRS, can guide the clinician’s therapy-related decisions.
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re characterized not only by kidney aging and the related
lomerulosclerosis [24 ] but also by arteriosclerosis, tubular atro- 
hy and interstitial fibrosis [25 ]. The prevalence of nephroscle-
osis rises from 2.7% in healthy young adults to 73% in healthy
lder adults [25 ]. Interestingly, Denic et al. showed that aging
s associated with impaired kidney function, independently of 
ephrosclerosis [26 ]. This age-associated loss of renal functional 
eserve might lead to a more severe impairment in renal func-
ion for a given level of damage in older patients, compared
ith younger patients. Discriminating between changes related 
o aging and changes relating to kidney disease is challeng-
ng because both can be present in older adults and can inter-
ere with calculation of the ARRS; hence, focusing solely on re-
al lesions might lead to an erroneous evaluation of the renal
rognosis. 
In this context, the objective of the present study was to

ssess the validity of the ARRS for predicting the renal prog-
osis in patients over 65 years of age [23 , 27 ] with AAV re-
al involvement and an inaugural flare-up of ANCA-associated 
lomerulonephritis. 

ATERIALS AND METHODS 

opulation and study design 

e conducted a multicentre, observational, retrospective study 
n nephrology and internal medicine departments at four uni- 
ersity hospitals and two tertiary hospitals in northern France. 

Older patients ( over 65 years of age) with AAV ( defined as 
icroscopic polyangiitis, granulomatosis with polyangiitis or 

enal-limited vasculitis, according to the 2012 Chapel Hill con- 
ensus conference nomenclature [2 ]) and inaugural, biopsy- 
roven, renal involvement were included. The time of diagno- 
is was defined as the date of the renal biopsy ( between January
002 and January 2022) . The study database was registered with
he French National Data Protection Commission ( Commission 
ationale de l’Informatique et des Libertés, Paris, France; regis- 
ration number: PI2022_843_0110) . 
B
ata collection 

ata were collected from the date of ANCA-associated glomeru-
onephritis diagnosis onwards. Each patient’s clinical, histologi- 
al and laboratory data were retrieved retrospectively from the
edical records held in each centre at presentation and dur-

ng follow-up. At diagnosis, we recorded the age, sex, weight,
eight, body mass index and any history of the following con-
itions: chronic kidney disease [eGFR < 60 mL/min/1.73 m2 , ac-
ording to the Modification of Diet in Renal Disease ( MDRD)
quation], chronic arterial hypertension, diabetes mellitus, to- 
acco use, dyslipidaemia, obesity ( defined as a body mass in-
ex > 30 kg/m2 ) , coronaropathy, peripheral arterial disease of the
ower extremities and stroke. Extrarenal manifestations of AAV
ere recorded, and the Birmingham Vasculitis Activity Score

 BVAS) and the 2009 Five-Factor Score ( FFS) [28 ] were then cal-
ulated for each patient. Each of the following factors counts for
ne point in the FFS: age over 65 years, cardiac symptoms, gas-
rointestinal symptoms, renal insufficiency ( stabilized peak cre- 
tinine ≥150 μmol/L) and the absence of ear/nose/throat symp-
oms; the higher the total FFS, the greater the risk of 5-year mor-
ality [28 ]. The laboratory variables included the level and type
f ANCAs [anti-proteinase 3 ( PR3) or anti-MPO], the serum cre-
tinine level ( SCr) at diagnosis, the serum levels of C-reactive
rotein and albumin, the haemoglobin level, the leukocyte and
latelet counts, the urine proteinuria-to-creatinine ratio ( uPCR) ,
aematuria and leukocyturia. The induction and maintenance 
reatments for AAV were recorded. 

In order to calculate the ARRS, the percentage of normal
lomeruli ( N) and the percentage of interstitial fibrosis/tubular 
trophy ( T) were extracted from the kidney biopsy reports. The
DRD equation was used to calculate eGFR at diagnosis ( G) ,
ased on the peak SCr value at the time of renal biopsy or be-
ore the first dialysis session for those who needed kidney re-
lacement therapy at presentation. The points attributed to each
omponent were then summed to give the ARRS ( i.e. the risk
f ESKD) ( Table 1 ) . The kidney biopsies were also rated in four
ategories ( focal, crescentic, mixed, and sclerotic) according to 
erden et al .’s prognostic classification [7 ]. 
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Table 1: The ANCA renal risk score, according to Brix et al . [12]. 

Components of the ARRS Points 

Percentage of normal glomeruli ( N) 
N0 > 25% 0 
N1 10%–25% 4 
N2 < 10% 6 

Percentage of tubular atrophy + interstitial fibrosis ( T) 
T0 ≤25% 0 
T1 > 25% 2 

Renal function at time of diagnosis ( G) 
G0 > 15 mL/min/1.73 m² 0 
G1 ≤15 mL/min/1.73 m² 3 

Risk group Sum of points 

Low 0 
Medium 2–7 
High 8–11 

N: the percentage of normal glomeruli, T: the percentage of tubular atrophy + in- 
terstitial fibrosis, G: the renal function at time of diagnosis. G is expressed as 
eGFR, expressed in mL/min/1.73 m². 

 

t
r
a
d
t

S

T
d  

D

S

Q
t

q
d  

N
t
w
c
a
g
t
w
m
s
a
t
v
i
a
c
[
t
s
t
p
i

R

T

O
(
(
t
p
d
P
p
e  

F
l

During follow-up, we recorded the maintenance treatments,
he requirement for dialysis and deaths. The SCr and eGFR were 
ecorded at diagnosis and then 1, 6, 12, 24 and 36 months there- 
fter. The date of last follow-up corresponded to the patient’s 
eath or the last consultation with a physician before the end of 
he study ( set to 31 December 2022) . 

tudy endpoints 

he primary endpoint was ESKD ( defined as the initiation of 
ialysis and its maintenance for at least 3 months) at 12 months.
eath was considered as a competing event. 

tatistical analysis 

uantitative variables were described as the median [interquar- 
ile range ( IQR) ]. Qualitative variables were described as the fre- 
Assessed for elig

Included in the an

Low renal risk score
n = 43 (22.4%)

Need for dialysis
n = 0 (0.0%)

Medium rena
n = 106 (
Need for 
n = 27 (2

Enrolment

Eligibility

ESKD
n = 0 (0.0%)

ESK
n = 14 (1

At diagnosis

Follow-up
at 12 months

igure 1: Study flow chart. The study flow chart shows the eligible population and the

ack of a renal biopsy or receipt of supportive care. 
uency ( percentage) . The Kolmogorov–Smirnov test was used to 
etermine whether or not variables were normally distributed.
on-parametric tests were used to compare values of quanti- 
ative variables: the Mann–Whitney test was applied to pair- 
ise comparisons, and the Kruskal–Wallis test was applied to 
omparisons of three or more groups. The chi-squared test was 
pplied to comparisons of qualitative data from two or more 
roups. The cumulative incidence of ESKD and the subdistribu- 
ion hazard ratio ( sHR) for ESKD at 12 months were investigated 
ith univariate and multivariable competing-risks regression 
odels and by applying Fine and Gray’s method, with death con- 

idered as a competing event. The univariate and multivariable 
nalyses included multiple imputations for missing data. When 
he proportion of missing data was below 20%, each missing 
alue was imputed 10 times via predictive mean matching, us- 
ng the multiple imputation by chained equations ( MICE) pack- 
ge in R. Discriminative power was evaluated with the Harrell’s 
oncordance-index ( C-index) and its 95% confidence interval ( CI) 
29 ]. As defined by Swets, a C-index above 0.8 was considered 
o reflect good prediction, and a C-index close to 0.5 was con- 
idered to reflect random prediction [30 ]. The threshold for sta- 
istical significance was set to P < .05. Statistical analyses were 
erformed using R software ( version 4.2.3) via the RStudio.Inc 
nterface ( version 2022.12.0) [31 ]. 

ESULTS 

he study population 

f the 208 patients assessed for eligibility, 192 were analysed 
 Fig. 1 and Table 2 ) . The median ( IQR) age at diagnosis was 73 
 68–78) years, and the male/female sex ratio was 103:89. Almost 
wo thirds ( 65.2%) of the patients presented chronic arterial hy- 
ertension, 15.5% diabetes mellitus and 13.5% chronic kidney 
isease. Some 69.3% of the patients had MPO-ANCA, 28.6% had 
R3-ANCA and 2.1% were ANCA-negative. Thirty-four ( 17.2%) 
atients presented renal-limited vasculitis. The most common 
xtrarenal type of organ involvement was pulmonary disease,
ibility (n = 208)

alysis (n = 192)

Excluded (n = 16)
• Other diagnosis (n = 3): anti-glomerular
  basement membrane disease, rheumatoid
  vasculitis, atypical giant cell arteritis
• Lack of renal biopsy (n = 11)
• Supportive care (n = 2): no
  immunosuppressive treatment

l risk score
55.2%)
dialysis
5.5%)

High renal risk score
n = 43 (22.4%)

Need for dialysis
n = 21 (48.8%)

D
3.0%)

ESKD
n = 19 (44.0%)

 analysed population after the exclusion of patients with other diagnoses, the 
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Table 2: Baseline clinical and laboratory variables. 

Variables Missing data 

Overall 
population, 
n = 192 

Low ARRS, 
n = 43 

Medium ARRS, 
n = 106 

High ARRS, 
n = 43 P -value 

Age ( years) 0 ( 0.0) 73 ( 68–78) 70 ( 68–75) 74 ( 69–80) 75 ( 70–79) .04 
Male 0 ( 0.0) 103 ( 53.6) 24 ( 55.8) 52 ( 49.0) 27 ( 62.8) .30 
BMI ( kg/m2 ) , n = 179 13 ( 6.8) 26.2 ( 23.4–28.6) 27.0 ( 23.2–29.5) 25.5 ( 23.1–28.4) 26.6 ( 24.3–28.7) .40 
Comorbidities 

Arterial hypertension, n = 181 11 ( 5.7) 118 ( 65.2) 24 ( 57.1) 66 ( 66.7) 28 ( 70.0) .43 
Diabetes mellitus, n = 181 11 ( 5.7) 28 ( 15.5) 8 ( 19.0) 10 ( 10.1) 10 ( 25.0) .07 
Dyslipidaemia, n = 181 11 ( 5.7) 52 ( 28.7) 13 ( 30.9) 29 ( 29.3) 10 ( 25.0) .82 
History of tobacco use, n = 181 11 ( 5.7) 45 ( 24.9) 7 ( 16.7) 24 ( 24.2) 14 ( 35.0) .15 
Obesity, n = 179 13 ( 6.8) 28 ( 16.2) 9 ( 20.9) 14 ( 14.1) 5 ( 13.5) .55 
Cardiovascular diseases, n = 181 11 ( 5.7) 28 ( 15.5) 2 ( 4.7) 16 ( 16.1) 10 ( 25.0) .04 
Chronic kidney disease, n = 141 51 ( 26.5) 19 ( 13.5) 3 ( 7.7) 10 ( 13.5) 6 ( 21.4) .27 
History of neoplasia, n = 179 13 ( 6.8) 25 ( 14.0) 9 ( 21.9) 10 ( 10.1) 6 ( 15.4) .17 

Type of AAV 
MPO/PR3/ANCA-negative 0 ( 0.0) 133/55/4 29/13/1 73/33/0 31/9/3 .67 
Renal-limited vasculitis 0 ( 0.0) 33 ( 17.2) 4 ( 9.3) 19 ( 17.9) 10 ( 23.2) .22 
Microscopic polyangiitis 0 ( 0.0) 95 ( 49.5) 23 ( 53.5) 53 ( 50.0) 19 ( 44.2) .68 
Granulomatosis with polyangiitis 0 ( 0.0) 64 ( 33.3) 16 ( 37.2) 34 ( 32.1) 14 ( 32.6) .83 

Organ involvement 
Skin 0 ( 0.0) 16 ( 9.5) 5 ( 11.6) 9 ( 9.9) 2 ( 5.9) .68 
Eyes 0 ( 0.0) 3 ( 1.8) 1 ( 2.3) 2 ( 2.2) 0 ( 0.0) .68 
ENT 0 ( 0.0) 37 ( 19.3) 10 ( 23.2) 20 ( 18.9) 7 ( 16.3) .71 
Pulmonary 0 ( 0.0) 56 ( 33.1) 18 ( 41.8) 27 ( 29.7) 11 ( 31.4) .36 
Cardiac 0 ( 0.0) 16 ( 8.3) 1 ( 2.3) 8 ( 7.5) 7 ( 16.3) .06 
Gastrointestinal 0 ( 0.0) 7 ( 3.6) 1 ( 2.3) 3 ( 2.8) 3 ( 7.0) .41 
Musculoskeletal 0 ( 0.0) 35 ( 20.8) 6 ( 13.9) 23 ( 25.3) 6 ( 17.6) .28 
Nervous system 0 ( 0.0) 20 ( 11.9) 7 ( 16.3) 10 ( 11.0) 3 ( 8.8) .56 

Renal involvement 
SCr at diagnosis ( μmol/L) 0 ( 0.0) 300 ( 202–502) 191 ( 123–224) 318 ( 232–509) 500 ( 374–757) < .001 
eGFR at diagnosis ( mL/min/1.73 m2 ) 0 ( 0.0) 15.7 ( 9.5–26.9) 31.3 ( 23.4–49.1) 14.8 ( 9.1–22.4) 9.5 ( 6.2–13.0) < .001 
Requirement for dialysis at diagnosis 0 ( 0.0) 48 ( 25.0) 0 ( 0.0) 27 ( 25.5) 21 ( 48.8) < .001 
Haematuria ( cells/mm3 ) , n = 147 45 ( 23.4) 200 ( 65–575) 105 ( 50–361) 200 ( 65–500) 270 ( 115–800) .10 
Leukocyturia ( cells/mm3 ) , n = 142 50 ( 26.0) 35 ( 17–67) 23 ( 16–43) 35 ( 16–67) 45 ( 25–95) .046 
uPCR ( mg/mmol) , n = 159 33 ( 17.2) 200 ( 101–300) 113 ( 61–148) 221 ( 110–373) 227 ( 165–321) < .001 

Inflammatory variables 
Serum C-reactive protein ( mg/L) , n = 186 6 ( 4.7) 81 ( 27–143) 82 ( 19–127) 72 ( 34–137) 89 ( 30–164) .76 
Serum albumin ( g/L) , n = 164 28 ( 14.6) 28 ( 23–32) 28 ( 23–31) 29 ( 23–33) 26 ( 22–30) .25 
Haemoglobin ( g/dL) , n = 182 10 ( 5.2) 9.5 ( 8.5–10.4) 10.0 ( 8.1–11.4) 9.7 ( 8.6–10.4) 9.2 ( 8.7–9.9) .21 
Leukocyte count ( ×109 /L) , n = 172 20 ( 10.4) 9.5 ( 7.5–12.6) 9.6 ( 7.3–12.4) 9.5 ( 7.2–12.1) 8.9 ( 7.7–14.6) .66 
BVAS 0 ( 0.0) 17 ( 14–21) 17 ( 15–21) 16 ( 14–21) 18 ( 13–22) .62 
FFS ≥3 0 ( 0.0) 144 ( 75.0) 24 ( 55.8) 83 ( 78.3) 37 ( 86.0) .003 
FFS-Kidney insufficiency ( + 1 point) 0 ( 0.0) 168 ( 87.5) 26 ( 60.4) 99 ( 93.4) 43 ( 100.0) < .001 
FFS-Cardiac symptoms ( + 1 point) 0 ( 0.0) 16 ( 8.3) 1 ( 2.3) 8 ( 7.5) 7 ( 16.3) .06 
FFS-Gastrointestinal symptoms ( + 1 point) 0 ( 0.0) 7 ( 3.6) 1 ( 2.3) 3 ( 2.8) 3 ( 7.0) .41 
FFS-Absence of ENT symptoms ( + 1 point) 0 ( 0.0) 155 ( 80.7) 33 ( 76.7) 86 ( 81.1) 36 ( 83.7) .71 

BMI: body mass index, ENT: ear, nose, throat, SCr: serum creatinine. 
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hich affected 56 ( 33.1%) patients. The median ( IQR) BVAS at di- 
gnosis was 17 ( 14–21) , and 75.0% of the patients had an FFS ≥3.

Kidney function was severely impaired at diagnosis: 90 
 46.3%) patients had an eGFR < 15 mL/min/1.73 m2 , and 48 ( 25.0%)
equired at least one dialysis session. A urine sediment analysis
evealed that 93.9% of the patients had haematuria and 84.5%
ad leukocyturia. Seventy-six percent of the patients had a uPCR
 100 mg/mmol, and 25.1% had a uPCR > 300 mg/mmol. 

he ARRS 

verall, the renal biopsies were representative, with a median 
 IQR) of 15 ( 11–20) glomeruli ( Supplementary data, Table S2) .
ith respect to the ARRS, 43 ( 22.4%) patients were in the low-
isk category, 106 ( 55.2%) were in the medium-risk category and
3 ( 22.4%) were in the high-risk category. The patients in the low-
isk group were younger ( P = .04) ( Table 2 ) . At diagnosis, the me-
ian ( IQR) eGFR was 31.3 ( 23.4–49.1) , 14.8 ( 9.1–22.4) and 9.5 ( 6.2–
3.0) mL/min/1.73 m2 in the low-, medium- and high-risk groups,
espectively ( P < .001) . All patients who received acute dialysis
t diagnosis had an eGFR below 15 mL/min/1.73 m2 , resulting in
he highest possible score ( 3 points) for the ARRS’s G component.
one of the patients in the low-risk group received acute dialysis
t diagnosis, compared with 27 ( 25.5%) in the medium-risk group
nd 21 ( 48.8%) in the high-risk group ( P < .001) . The uPCR level

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae135#supplementary-data
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Figure 2: The cumulative incidence of ESKD at 36 months, according to the ARRS. Death was considered as a competing event, using a Fine–Gray model. The cumulative 
incidence of ESKD during the first 36 months of the study, as a function of the ARRS. The number of events and patients at risk are given under the figure. 
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as higher in the medium- and high-risk groups. There were no 
ignificant intergroup differences in inflammatory variables or 
he types of vasculitis. 

herapeutic management 

verall, 152 ( 81.7%) patients received methylprednisolone 
ulses, 131 ( 68.2%) received cyclophosphamide ( CYC) 
 intravenously, in 95% of cases) and 44 ( 22.9%) received rit- 
ximab ( RTX) ( Supplementary data, Table S3) . Eight patients 
eceived both CYC and RTX, and six of the latter were switched 
rom CYC to RTX because of a history or the discovery of 
eoplasia ( n = 3) , cytopenia/infections ( n = 1) and progressive 
asculitis after CYC initiation ( n = 2) . Forty-seven ( 24.5%) pa- 
ients received PLEXs; of these, 12 had alveolar haemorrhage 
nd 35 had severe impaired renal function as the indication.
he groups did not differ significantly with regard to the use of 
TX ( P = .10) or intravenous CYC ( P = .35) . However, the cumu- 
ative dose of CYC was lower in the high-risk group ( P = .007; 
upplementary data, Table S3) . 

enal survival, as a function of the ARRS 

he median ( IQR) follow-up time was 75.5 ( 62.0–90.6) months.
hirty ( 16.0%) patients died during the first 12 months ( Fig. 1 ) ; 
0 of these were on dialysis at the time of death. The cumulative 
ncidence of ESKD at 12 months was 0.0% in the low-risk group,
3.0% ( 7.6–20.0) in the medium-risk group and 44.0% ( 29.0–58.0) 
n the high-risk group ( P < .001) ( Fig. 2 ) . Twenty-four patients 
ere dialysis-dependent at 12 months: 12 in the high-risk group 
nd 12 in the medium-risk group. The cumulative incidence of 
SKD at 36 months was similar in the three groups: 0.0% in the 
ow-risk group, 14.0% ( 8.4–22.0) in the medium-risk group and 
4.0% ( 29.0–58.0) in the high-risk group ( P < .001) ( Fig. 2 ) . Thirteen 
 27.0%) of the 48 patients requiring dialysis at diagnosis were 
eaned off it within the first 3 months: 5 out of 21 ( 23.8%) in 
he high-risk group and 8 out of 27 ( 29.6%) in the medium-risk 
roup. Nine patients who had not been weaned off dialysis dur- 
ng the first 3 months died: four in the medium-risk group and 
ve in the high-risk group. In each ARRS group, the eGFR had 
ncreased at 12 months ( Supplementary data, Table S4) . 

nalysis of factors associated with ESKD at 12 months 

nivariate Fine and Gray analyses were performed with the 
RRS and the clinical and laboratory variables ( Table 3 ) . The 
ow-risk group did not present any ESKD events and so was 
ot included in the survival analysis. With a medium risk as 
eference, a high risk was associated with ESKD at 12 months 
sHR ( 95% CI) = 3.66 ( 1.93–6.95) ; P < .001]. With regard to the as- 
ociation between each component of the ARRS and ESKD at 
2 months, an eGFR < 15 mL/min/1.73 m2 was the most pre- 
ictive variable [sHR = 7.12 ( 2.53–20.10) , P < .001]. The per- 
entage of normal glomeruli was also a significant predictor 
sHR = 1.55 ( 1.03–2.31) , P = .034] but the percentage of tubular at- 
ophy/interstitial fibrosis was not [sHR = 1.30 ( 0.68–2.46) , P = .4].
he variable most strikingly associated with ESKD at 12 months 
as initiation of dialysis at diagnosis ( figure 3 ) , with an sHR of 
1.4 ( 5.36–24.20) ( P < .001) . The eGFR at diagnosis, the FFS and di- 
betes mellitus were also significantly associated with ESKD at 
2 months, whereas the other cardiovascular risk factors were 
ot. Age at diagnosis, MPO-ANCA positivity and known chronic 
idney disease were not associated with ESKD at 12 months. 

Multivariable analyses showed that dialysis at diagnosis, a 
igh-risk ARRS and the FFS were independently associated with 
SKD at 12 months, with sHRs ( 95% Cis) of, respectively, 4.96 
 2.04–12.10) ( P < .001) , 2.01 ( 1.01–3.99) ( P = .047) and 2.29 ( 1.15–
.56) ( P = .020) . Diabetes mellitus was not independently associ- 
ted with ESKD at 12 months. 

he predictive performance of the ARRS 

he ARRS predicted 12-month renal survival in the overall pop- 
lation quite poorly, with a C-index of 0.75 ( 0.68–0.81) . When 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae135#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae135#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae135#supplementary-data
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Table 3: Analysis of factors associated with ESKD at 12 months. 

sHR ( 95% CI) sHR ( 95% CI) 
Variables Univariate analysis P -value Multivariable analysis P -value 

Clinical variables 
Age ( per/year) 1.00 ( 0.95–1.05) > .9 
Arterial hypertension 0.68 ( 0.34–1.35) .3 
Diabetes mellitus 2.23 ( 1.03–4.87) .043 0.82 ( 0.32–2.13) .7 
History of tobacco use 1.80 ( 0.91–3.58) .09 
Dyslipidaemia 1.31 ( 0.64–2.70) .4 
Obesity 1.60 ( 0.70–3.64) .3 
Cardiovascular diseases 1.58 ( 0.72–3.47) .2 
CKD 1.49 ( 0.58–3.82) .4 
BVAS 1.05 ( 0.99–1.11) .12 
FFS 2.66 ( 1.48–4.80) < .001 2.29 ( 1.15–4.56) .020 
Positivity for MPO 1.39 ( 0.62–3.12) .4 

Kidney function at diagnosis 
Serum creatinine ( per 10 μmol/L increment) 1.03 ( 1.02–1.04) < .001 1.02 ( 1.01–1.03) < .001 
eGFR 0.83 ( 0.77–0.90) < .001 
Requirement for dialysis at diagnosis 11.4 ( 5.36–24.20) < .001 4.96 ( 2.04–12.10) < .001 
Proteinuria ( > 100 mg/mmol) 2.16 ( 0.52–8.92) .3 

ARRS variables 
The percentage of normal glomeruli 1.55 ( 1.03–2.31) .034 
The percentage of TA-IF 1.30 ( 0.68–2.46) .4 
eGFR < 15 mL/min/1.73 m2 7.12 ( 2.53–20.10) < .001 

ARRS 
Medium ARRS 1.00 1.00 
High ARRS 3.66 ( 1.93–6.95) < .001 2.01 ( 1.01–3.99) .047 

The analysis was restricted to the 149 patients presenting a medium or high ARRS at diagnosis. 

CKD: chronic kidney disease, TA-IF: tubular atrophy-interstitial fibrosis. 
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onsidering the medium- and high-risk groups together, the 
RRS was also poorly discriminant [C-index: 0.66 ( 0.58–0.74) ].
ith a view to improving the predictive ability of the ARRS, we
uilt two other models by adding significant variables in a mul-
ivariable analysis. Model 3 ( including the ARRS, the SCr at di-
gnosis, initiation of dialysis at diagnosis and the FFS) had the
est predictive performance, with a C-index of 0.89 ( 0.83–0.93) .
owever, Model 2 ( including the ARRS and dialysis at diagnosis) 
chieved a similar level of performance, with a C-index of 0.86
 0.80–0.90) ( Table 4 ) . 

ub-analysis of patients over 75 years of age 

eventy-six patients were over 75 years of age: 11 out of 76
 14.5%) in the low-risk group, 45 out of 76 ( 59.2%) in the medium-
isk group and 20 out of 76 ( 26.3%) in the high-risk group. The
umulative incidence of ESKD at 12 months was 0.0% in the low-
isk group, 18.0% ( 8.2–30.0) in the medium-risk group and 45.0% 

 22.0–65.0) in the high-risk group with still the same values at
4 and 36 months ( P = .012; Supplementary data, Fig. A) . In a 
nivariate analysis, a high ARRS [HR = 2.55 ( 1.01–6.42) , P = .048],
ialysis at diagnosis [HR = 9.30 ( 5.50–67.50) , P < .001] and the
FS [HR = 2.35 ( 1.00–5.54) , P = .05] were associated with progres-
ion to ESKD at 12 months ( Supplementary data, Table S5) . In a 
ultivariable analysis, only dialysis at diagnosis was still inde- 
endently associated with ESKD at 12 months [HR = 18.40 ( 3.91–
6.20) , P = .001]. The predictive performance of the ARRS for
2-month renal survival was poor, with a C-index of 0.68 ( 0.57–
.78) in the cohort as a whole and 0.62 ( 0.49–0.73) in patients 
ith a medium or high ARRS at diagnosis ( Supplementary data,
able S6) . The addition of dialysis at diagnosis raised the C-index 
o 0.90 ( 0.83–0.94) in the cohort as a whole and 0.88 ( 0.80–0.93) in
atients with a medium or high ARRS at diagnosis. 

ISCUSSION 

o the best of our knowledge, our cohort study is the first to have
nvestigated the prediction of kidney survival by the ARRS in a
pecific population of patients over 65 years of age at the time of
he ANCA-associated glomerulonephritis diagnosis. The objec- 
ive of our study was to investigate the ARRS’s ability to predict
enal survival in patients over 65 years of age, in whom comor-
idities and frailty might interfere with the discriminative power
f ARRS. The median age of our study population was 73 years,
ompared with, respectively, 66 and 67.5 years in Brix et al.’s ini-
ial training and validation cohorts [12 ]. 

Berti et al. compared a cohort of 58 incident AAV patients be-
ween 1996 and 2015 with the general population ( matched for
ge and sex) and observed a similar prevalence of cardiovascu-
ar risk factors at baseline but a higher subsequent incidence of
ardiovascular events in the patients [32 ]. We did not find any
ther literature comparisons of older and younger patients with
AV in terms of cardiovascular comorbidities at baseline. Inter-
stingly, the patients in our high-risk group were older and more
ikely to have diabetes mellitus and cardiovascular diseases than
hose in the low- and medium-risk groups, which could have led
o a loss of renal functional reserve. However, we did not observe
 significant influence of cardiovascular comorbidities on the 12-
onth renal outcome.
In contrast to Brix et al.’s cohorts, our cohort was predomi-

antly positive for MPO-ANCA ( 69.3% of the patients, vs 52.2%
or Brix et al.) . Compared with patients with PR3-ANCA, patients

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae135#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae135#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae135#supplementary-data
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Figure 3. Progression to ESKD at 12 months, as a function of the ARRS and the requirement for dialysis at diagnosis. Patients who died after less than 3 months of 
dialysis were considered to have ESKD. 

Table 4: Predictive performance of models for ESKD at 12 months. 

Models C-index ( 95% CI) 

Total cohort ( n = 192) 
Model 1 ( ARRS) 0.75 ( 0.68–0.81) 
Model 2 ( Model 1 + dialysis at diagnosis) 0.90 ( 0.85–0.93) 
Model 3 ( Model 2 + serum creatinine at 

diagnosis, FFS) 
0.92 ( 0.87–0.95) 

Medium and high ARRS ( n = 149) 
Model 1 ( ARRS) 0.66 ( 0.58–0.74) 
Model 2 ( Model 1 + dialysis at diagnosis) 0.86 ( 0.80–0.90) 
Model 3 ( Model 2 + serum creatinine at 

diagnosis, FFS) 
0.89 ( 0.83–0.93) 

CI: confidence interval. 
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ith MPO-ANCA tend to be older at diagnosis and are more likely 
o have kidney involvement. Bai et al. [19 ] and An et al. [21 ] also
ound that the ARRS imperfectly predicted renal survival ( see 
upplementary data, Table S1) in two Chinese cohorts with a 
igh prevalence of MPO-ANCA ( 78.5% and 88.1%, respectively) .
lthough Bai et al. and An et al. patients were younger ( median 
ge: 62 and 57.5 years, respectively) than our patients, the two 
tudies’ results and our present results all suggest that the ARRS 
s less predictive in patients with MPO-ANCA. 

The prevalences of the three ARRS strata observed in our 
opulation were in line with the literature data, which range 
rom 14% to 40% for the low-risk category, from 30% to 60% for 
he medium-risk category and from 17% to 40% for the high- 
isk category [12 –22 ]. The cumulative incidences of ESKD at 
2 months in our study were similar to those reported previ- 
usly for validation cohorts ( 2.8%–2.9% in the low-risk category,
.5%–11.8% in the medium-risk category and 26.9%–61.1% in the 
igh-risk category) [14 , 20 ]. Importantly, the treatment modal- 
ties were quite similar in the medium- and high-risk groups,
xcept that the cumulative dose of CYC was lower in the high-
isk group. This finding was expected because the more severe 
mpairment of kidney function led to a dose reduction, as rec- 
mmended [33 ]. 
The severity of kidney disease and the initiation of dialy- 

is at diagnosis were strongly correlated with renal survival at 
2 months. It has already been reported that initial kidney func- 
ion is the best predictor of the kidney prognosis [34 , 35 ]. Pa-
ients with an initial need for dialysis may suffer from more ad- 
anced kidney disease, together with lower responsiveness to 
herapy [35 ]. Furthermore, these patients have a greater risk of 
dverse reactions to immunotherapy, which might also worsen 
heir kidney prognosis. However, 27% of our patients were able 
o discontinue dialysis upon treatment, which is consistent with 
he value of 34% reported in a recent analysis of the European 
asculitis Society ( EUVAS) database [36 ]. The urine sediment 
nomalies were more severe in the high-risk group. Although 
he baseline proteinuria level was not associated with the renal 
rognosis in a univariate analysis, it might constitute an addi- 
ional prognostic variable [37 ]. 

None of the patients in the low-risk group presented ESKD 

t 12 months. However, a high ARRS poorly predicted ESKD at 
2 months, with a cumulative incidence of 44.0% ( 29.0–58.0) , and 
imilar results were obtained when the analysis was restricted 
o patients over 75 years of age at diagnosis. This poor prediction 
n older adults with a high ARRS might be due to the concomi-
ant presence of aging kidneys and AAV lesions, which interfere 
ith calculation of the ARRS. The poor observed predictive abil- 

ty of the ARRS prompted us to improve it by adding relevant 
linical variables associated with ESKD at 12 months. Initiation 
f dialysis at diagnosis appeared to be the most relevant clinical 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae135#supplementary-data
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ariable and, indeed, significantly improved the prediction. Al- 
hough the death rates were dissimilar in the three ARRS classes,
eath was considered as a competing event in the survival anal-
sis using a Fine and Gray model ( as recommended in older
dults) [38 ]. Considering early, severe infection as a major risk
actor for death during the first year ( particularly in older adults
resenting severe kidney involvement) , this observation could 
elp physicians to choose immunosuppressant-sparing strate- 
ies in patients with a high ARRS and dialysis at presentation
39 –41 ]. 

The main limitation of our study was its retrospective design,
hich meant that we lacked some data—notably those regard- 

ng kidney function before the appearance of AAV. Secondly,
he histologic ARRS classification was based on interpretations 
f the kidney biopsy by each centre’s pathologist; the absence
f central review might have led to interobserver variations—
otably in assessment of the score’s T component of the score.
hirdly, we used the MDRD formula to estimate the GFR, as in
rix et al .’s original study, however the Chronic Kidney Disease
pidemiology Collaboration formula is now used frequently in 
outine practice. Fourthly, we did not include the less clinically
elevant low-risk group in the survival analysis, which limited 
ur ability to compare our study cohort with the validation
ohorts in the literature. Lastly, the study results were not
alidated externally in another cohort. 

ONCLUSION 

ccording to our present results, the ARRS was a poor predictor
f kidney survival at 12 months among patients over 65 years of
ge with renal AAV involvement—especially those in the high- 
isk ARRS group. The inclusion of dialysis status at diagnosis as
n additional clinical parameter might improve the predictive 
erformance of the ARRS. A tool that better predicts renal sur-
ival might guide the clinician more effectively during the initial
teps in patient management. 
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upplementary data are available at Clinical Kidney Journal online .
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