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Introduction: The identification of prognostic factors for renal failure in antineutrophil cytoplasmic 
autoantibody (ANCA)-associated vasculitis (AAV) remains a challenge. The benefit of plasma exchange 
(PLEX) has been questioned, and the target population remains to be defined. We investigated the 
outcome of patients requiring renal replacement therapy (RRT) at baseline and factors associated with 
their prognosis at 1 year.

Methods: This retrospective multicenter study evaluated the 1-year composite end point of death or end- 
stage kidney disease (ESKD) in patients with biopsy-proven renal AAV involvement.

Results: Of the 394 patients included, 105 (26.6%) were on dialysis at baseline. Of these, 60 (57.1%) 
reached the composite end point compared with 29 patients (10.0%) who were not on RRT at baseline 
(P < 0.001). On multivariate analysis, age and sex were not associated with the composite outcome 
(P = 0.945 and P = 0.154, respectively); however, myeloperoxidase (MPO)-ANCA was (odds ratio [OR]: 
3.60; 95% confidence interval [CI]: 1.79–7.60), as was a high baseline histologic renal risk score (OR: 1.29; 
95% CI 1.17–1.44). The most strongly associated factor remained the need for dialysis at baseline 
(OR: 10.91; 95% CI: 5.52–22.70). Of the 91 patients surviving after requiring dialysis at baseline, 45 were 
weaned from RRT (49.5%) at 1 year, and PLEX was independently associated with a reduced risk of the 
composite outcome (OR: 0.23, 95% CI: 0.05–0.80).

Conclusion: MPO-ANCA, need for dialysis, and high histological renal risk score at baseline were asso
ciated with the 1-year composite end point of death or ESKD. Almost half of the patients on dialysis at 
baseline were off dialysis at 1 year, with a better prognosis in those who had received PLEX.

Kidney Int Rep (2025) 10, 4199–4206; https://doi.org/10.1016/j.ekir.2025.09.005
KEYWORDS: ANCA; hemodialysis; plasmapheresis; vasculitis
© 2025 International Society of Nephrology. Published by Elsevier Inc. This is an open access article under the CC BY 
license (http://creativecommons.org/licenses/by/4.0/). 

R enal involvement in AAV is more common in 
granulomatosis with polyangiitis and microscopic 

polyangiitis than in eosinophilic granulomatosis with 
polyangiitis. Nearly 80% of patients present with renal 
involvement during an AAV flare, and up to 20% of 
these patients develop ESKD.1 Therefore, renal 
involvement has a significant prognostic impact and 
has been included in the Five Factor Score.2 However, 
the renal characteristics of patients at baseline are 
heterogeneous and their prognostic trajectories are 
difficult to predict.3 It would be important to identify 
objective factors at baseline that are associated with 
prognosis and could guide treatment. Indeed, the 
consensus induction treatment for AAV with renal 
involvement remains high-dose glucocorticoids in 
combination with immunosuppressive treatment such 
as cyclophosphamide and/or rituximab.4-6 These 
regimens have been associated with better disease 
control but a high rate of infection, which remains a 
major cause of mortality in patients with AAV.1 In 
addition, the role of PLEX in these regimens remains 
unclear.

In the late 1990s, several studies with limited patient 
numbers suggested a benefit of PLEX in AAV with renal 
involvement.7-9 The MEPEX study, which enrolled 137 
patients with serum creatinine > 500 μg/dl, showed a 
benefit with PLEX compared with methylprednisolone 

pulses at 3 months and 1 year, but no long-term 
benefit.10-12 The PEXIVAS study showed no benefit 
of PLEX efficacy in 704 patients with an estimated 
glomerular filtration rate (eGFR) < 50 ml/min 
per 1.73 m2 and/or diffuse pulmonary hemorrhage.13

Finally, the most recent meta-analysis on this topic 
suggest a benefit of PLEX on renal prognosis in the 
first year, but an increased rate of serious infection 
at 12 months and no effect on overall survival. 
Importantly, all these studies did not include the 
results of renal histologic characteristics in their 
analyses. Taken together, these results suggest that 
the target population that would benefit from PLEX 
remains to be defined.14

The objective of this study was to identify clinical, 
biological, and histological factors at baseline that are 
associated with the prognosis at 1 year of patients, 
according to their need for RRT. In addition, the as
sociation of PLEX use with prognosis in these sub
groups was evaluated.

METHODS
Patients and Study Design
We conducted a retrospective observational study 
involving patients screened from 31 French centers 
in nephrology or internal medicine departments.15
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All patients had microscopic polyangiitis, gran
ulomatosis with polyangiitis, or renal-limited 
vasculitis, according to the American College of 
Rheumatology criteria or the Chapel Hill Consensus 
Conference nomenclature.16,17 Patients diagnosed 
with AAV between May 1, 2004 and November 30, 
2019 were included. Patients had to be positive for 
MPO-ANCA or proteinase 3 (PR3)-ANCA, and pa
tients with nonspecific ANCA were not considered. 
All patients had rapidly progressive glomerulone
phritis, defined as a rapid doubling of serum creati
nine level and/or hematuria and/or glomerular 
proteinuria. Renal biopsy was performed at the time 
of diagnosis or within 1 month of the renal flare. 
Histopathological data were collected by the physi
cian at each center and graded according to the 
Berden et al. classification and the 2018 ANCA renal 
risk score developed by Brix et al.18,19 No centralized 
histological evaluation was performed. eGFR was 
calculated using the Modification of Diet in Renal 
Disease method.20 Dialysis use was considered at 
baseline if initiated within 15 days. The Modification 
of Diet in Renal Disease–based eGFR for patients on 
dialysis was calculated at baseline to account for 
residual renal function and arbitrarily set to 0 during 
follow-up. No time limit was set for the use of PLEX. 
One-year outcomes were collected retrospectively, 
and patients with < 1 year of follow-up were 
excluded (Supplementary Figure S1).

Outcomes
The primary composite outcome was all-cause death or 
ESKD defined by RRT (i.e., dialysis or transplantation) 
at 1 year. Secondary outcomes included the number of 
patients with an eGFR > 30 ml/min per 1.73 m2 at 12 
months, the absolute value of the change in eGFR at 12 
months, and the number of patients with a significant 
improvement in eGFR at 12 months defined as a delta 
eGFR > 15 ml/min per 1.73 m2.

Statistical Analysis
Data are expressed as n (%), mean (SD) or median 
(interquartile range). Patient characteristics were 
compared according to the need for dialysis at base
line using appropriate statistical tests such as t test, 
Mann-Whitney-Wilcoxon test, chi-square test, or 
Fisher exact test. Primary and secondary end points 
were analyzed in the overall population and in the 
subgroup of patients on dialysis at baseline. For 
multivariate generalized linear models (i.e., linear and 
logistic), variables were selected based on the author’s 
will for age or sex, reports from the literature, or the 
significance in univariate analysis. As an exploratory 
analysis, we analyzed patient characteristics and 

outcomes according to the use of PLEX or outcome at 
1 year. Missing data were sparse and not handled. 
Statistical analyses were performed using RStudio 
2023.06.0 and R 4.3.0 software (R Foundation for 
Statistical Computing).

The authors take the responsibility for the integrity 
of the data. The STROBE statement was used to report 
these observational data (Supplementary Table S2).21

Ethics
The study received approval from the local Ethics 
Committee Institutional Review Board of the Cochin 
Hospital, Paris (Cochin-Port Royal Hospital, Paris, 
France; No. AAA-2020–08037) as was conducted in 
compliance with the Good Clinical Practice protocol 
and the Declaration of Helsinki principles.

RESULTS
Patients’ Characteristics
Of the 394 patients included, 105 were on dialysis 
at baseline. In Table 1, we summarize patients’ 
characteristics according to the requirement of RRT 
at baseline. One hundred eighty-three patients 
were female (46.4%), with a higher proportion of 
patients not on dialysis at baseline (P = 0.045), 
and age did not differ between groups (62.8 [13.2] 
vs. 63.7 [14.6], P = 0.585). Vasculitis subtypes 
were similar between patients who were not on 
dialysis at baseline and those who were on dialysis 
at baseline, except a higher rate of PR3-ANCA in 
patients who were on dialysis at baseline (P =
0.025). Peak serum creatinine level was higher in 
patients requiring dialysis (700 [550–912] μmol/l) 
compared with patients not on dialysis (320 [200– 
420] μmol/l, P < 0.001). Patients on dialysis had a 
higher ANCA renal risk score (9.00 [7.00–10.00] vs. 
5.00 [2.00–8.00], P < 0.001), and kidney damage 
was predominantly classified as sclerotic (35%) or 
crescentic (36%); whereas in patients not on dial
ysis, the predominant class was mixed (32%). 
Cyclophosphamide was used as induction therapy 
in 300 patients (76.1%) and rituximab in 94 pa
tients (23.9%). PLEX was used in 170 patients 
(43.1%), mostly for patients on dialysis at baseline 
(P < 0.001).

One-Year Prognosis
At 1 year, 60 of 105 patients on dialysis at baseline 
(57.1%) reached the primary composite end point, 
compared with 29 of 289 dialysis-free patients 
(10.0%) (Table 2). At 1 year, of the 105 patients on 
dialysis at baseline, 91 were still alive and 45 were 
weaned from RRT (49.5%). The percentage of pa
tients with an eGFR > 30 ml/min per 1.73 m2 at 12 
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months was lower in patients on dialysis at baseline 
(30/105 [28.6%] vs. 169/289 [58.7%], P < 0.001). 
The median change in eGFR at 1 year did not 

significantly differ between patients who were dialysis- 
free at baseline and those who were on dialysis at 
baseline, nor did the proportion of patients who expe
rienced a significant recovery (delta eGFR > 15 ml/min 
per 1.73 m2). Of the 305 patients alive and not requiring 
dialysis at 1 year (77.4%), 89 (29.2%) were classified as 
crescentic and 60 (19.7%) as sclerotic according to the 
Berden classification.

Factors Associated With the Primary Outcome
In multivariate analysis, neither age nor sex was 
associated with the primary composite outcome (OR: 
1.00, 95% CI: 0.98–1.02 and OR: 1.55, 95% CI: 0.85– 
2.88, respectively) (Table 3). RRT at baseline was the 
strongest variable associated with 1-year outcome (OR: 
10.91, 95% CI: 5.52–22.70). However, MPO-ANCA and 
elevated ANCA renal risk score were independently 
associated with worse prognosis (OR: 3.60, 95% CI: 
1.79–7.60 and OR: 1.29, 95% CI: 1.17–1.44, respec
tively). Overall, PLEX was not significantly associated 
with the primary outcome in the overall cohort (OR: 
0.86, 95% CI: 0.43–1.67).

Use of PLEX
Among patients on dialysis at baseline, 91.1% of those 
who were weaned from dialysis at 1 year had received 
PLEX, compared with only 63.3% of those who 
reached the composite outcome (P = 0.001) (Figure 1). 
Patients on dialysis at baseline receiving PLEX had a 
higher rate of PR3-ANCA (P = 0.019) and a lower 
ANCA renal risk score (P = 0.019) but no significant 
difference in the Berden classification (P = 0.099) 
(Supplementary Table S1). Similarly, patients not on 
dialysis at baseline receiving PLEX had greater renal 
involvement with higher serum creatinine level (P <
0.001), greater proportion of crescentic class in the 
Berden classification (P < 0.001), a trend for higher 
rate of PR3-ANCA (P = 0.056) and higher ANCA renal 
risk score (P = 0.119).

Table 2. One-year follow-up outcomes

Outcomes

Dialysis-free 
at baseline 

n � 289 (73.4%)

On dialysis 
at baseline 

n � 105 (26.6%) P-value

Primary composite outcome, 
n (%)

29 (10.0%) 60 (57.1%) < 0.001

Mortality at M12, n (%) 10 (3.46%) 14 (13.3%) < 0.001

RRT at M12, n (%) 19 (6.57%) 46 (43.8%) < 0.001

eGFR > 30 ml/min per 1.73 m2 

at M12, n (%)
169 (58.7%) 30 (28.6%) < 0.001

Delta eGFR > 15 ml/min per 
1.73 m2 at M12, n (%)

133 (46.2%) 43 (41.0%) 0.356

Delta eGFR at M12, median 
(IQR)

13.0 (3.00–23.0) 0.00 (0.00–32.0) 0.303

eGFR, estimated glomerular filtration rate; IQR, interquartile range; M, month; RRT, renal 
replacement therapy.

Table 3. Logistic models predicting the primary composite outcome 
of death or ESKD at 1 year in the entire study population (n = 394)

Variables

Univariate Multivariate

OR (95% CI) P-value OR (95% CI) P-value

Age 1.00 (0.99–1.02) 0.672 1.00 (0.98–1.02) 0.945

Male 1.37 (0.85–2.22) 0.198 1.55 (0.85–2.88) 0.154

MPO-ANCA 2.06 (1.21–3.64) 0.010 3.60 (1.79–7.60) < 0.001

ANCA Renal 
Risk Score

1.40 (1.28–1.54) < 0.001 1.29 (1.17–1.44) < 0.001

Dialysis 11.95 (7.01–20.87) < 0.001 10.91 (5.52–22.70) < 0.001

Plasma 
exchanges

2.10 (1.30–3.40) 0.002 0.86 (0.43–1.67) 0.659

CI, confidence interval; ESKD, end-stage kidney disease; MPO, myeloperoxidase; OR, 
odds ratio.

Table 1. Patient characteristics according to dialysis use at 
baseline

Variables

Dialysis-free 
at baseline 

n � 289 (73.4%)

On dialysis 
at baseline 

n � 105 (26.6%) P-value

Female, n (%) 143 (49.5%) 40 (38.1%) 0.045

Age, mean (SD), yr 62.8 (13.2) 63.7 (14.6) 0.585

Vasculitis, n (%) 0.240

GPA 102 (35.3%) 45 (42.9%)

MPA 134 (46.4%) 47 (44.8%)

Renal-limited vasculitis 53 (18.3%) 13 (12.4%)

ANCA subtype, n (%) 0.025

PR3-ANCA 89 (30.8%) 45 (42.9%)

MPO-ANCA 200 (69.2%) 60 (57.1%)

Initial flare 277 (95.8%) 99 (94.3%) 0.512

Serum creatinine, median (EIQ), 
μmol/l

320 (200–420) 700 (550–912) < 0.001

eGFR, median (EIQ), ml/min 
per 1.73 m2

16.0 (12.0–27.0) 5.00 (0.00–7.00) < 0.001

Proteinuria, median (EIQ)a, 
g/24 h

1.80 (1.00–2.77) 2.50 (1.40–3.87) 0.002

ANCA Renal Risk Score, 
median [EIQ]

5.00 (2.00–8.00) 9.00 (7.00–10.0) < 0.001

Berden classification, n (%) 
Overall

< 0.001

Sclerotic 59 (20.4%) 37 (35.2%) 0.002

Focal 63 (21.8%) 9 (8.57%) 0.003

Crescentic 74 (25.6%) 38 (36.2%) 0.039

Mixed 93 (32.2%) 20 (19.0%) 0.011

Induction immunosuppressive 
therapy, n (%)

0.076

CYC 202 (69.9%) 83 (79.0%)

RTX 67 (23.2%) 12 (11.4%)

Both 10 (3.46%) 5 (4.76%)

Others 10 (3.46%) 5 (4.76%)

Orotracheal intubation, n (%) 2 (0.71%) 12 (11.5%) < 0.001

Plasmapheresis, n (%) 91 (31.5%) 79 (75.2%) < 0.001

Number of PLEX, mean (SD)b 6.69 (1.59) 7.08 (2.68) 0.268

Number of PLEX, median (EIQ)b 7.00 (7.00–7.00) 7.00 (6.00–7.00) 0.954

ANCA, antineutrophil cytoplasmic autoantibody; CYC, cyclophosphamide; eGFR, esti
mated glomerular filtration rate; GPA, granulomatosis with polyangiitis; MPA: micro
scopic polyangiitis; MPO, myeloperoxidase; PLEX, plasma exchange; PR3, proteinase 3; 
RTX, rituximab.
aN = 272.
bN = 170.
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We then focused on the population of patients 
requiring dialysis at baseline. In this subpopulation, 
PLEX was independently associated with a better 
1-year prognosis (OR: 0.23, 95% CI: 0.05–0.80, 
P = 0.029) (Table 4), whereas MPO-ANCA (OR: 3.10, 
95% CI: 1.21–8.20, P = 0.019) and increased ANCA 
renal risk score (OR: 1.40, 95% CI: 1.16–1.73, 
P = 0.001) remained associated with a worse prog
nosis. In the linear model predicting the eGFR at 1 
year, PLEX was associated with an improvement 
of 8.96 ml/min per 1.73 m2 (95% CI: 0.19–17.72, 
P = 0.045), whereas MPO-ANCA was associated with a 
decrease of 10.45 ml/min per 1.73 m2 (95% CI: − 18.08 
to − 2.83, P = 0.008), and elevation of 1 point of ANCA 
renal risk score with a decrease of 3.49 ml/min per 1.73 
m2 (95% CI: − 4.89 to − 2.10, P < 0.001) (Table 5).

DISCUSSION
In this large, retrospective, observational cohort study 
of patients with AAV renal involvement, we found 
that nearly half of patients on dialysis at baseline were 
off dialysis at 1 year, which is slightly higher than 
previously reported.22-24 In contrast, only 10% of 
patients who were dialysis-free at baseline reached 

the composite outcome of death or RRT at 1 year. We 
identified the need for dialysis at baseline as the most 
important prognostic factor, in addition to MPO- 
ANCA positivity and histological ANCA renal risk 
score at baseline, which were also independently 
associated with prognosis. In contrast, age was not 
associated with renal prognosis either at baseline (i.e., 
dialysis use) or at 1 year (i.e., death or RRT). In 
addition, PLEX was used in patients with higher renal 
involvement (i.e., serum creatinine level and histo
logical classifications) in patients not on dialysis at 
baseline whereas no such difference was found in pa
tients on dialysis at baseline. We observed a higher 
rate of dialysis use among patients with PR3-ANCA 
positivity in both groups. Finally, PLEX was inde
pendently associated with a better prognosis specif
ically in patients on dialysis at baseline, but no 
significant association was found in the overall cohort.

The potential benefit of intensive treatment for 
patients with severe involvement and sclerotic kidney 
damage at biopsy is often debated because of the lack 
of expected recovery. In our cohort, a significant 
proportion of patients with sclerotic histologic clas
sification at baseline recovered renal function at 1 
year. These results strongly support maximal treat
ment even in patients with sclerotic damage (i.e., >
50% global sclerotic glomeruli) despite physician 
reluctance.

The benefit of PLEX in AAV remains uncertain 
because the last meta-analysis on this topic produced 
conflicting results.14,25,26 This may be because of het
erogeneity in selection criteria, such as different 
thresholds for renal failure. Overall, it appears that 
some patients may benefit from PLEX; however, the 
effects are diluted in larger study populations. In this 
context, we present here the association of PLEX with 
a better prognosis specifically in patients with AAV 
requiring dialysis at baseline, independent of known 
confounders, in particular kidney histopathology. The 
need for dialysis at baseline may serve as a pragmatic 
selection criterion for patients who may benefit from 
PLEX. Compared with serum creatinine, this is a strong 
criterion with limited subjectivity or time variability.

Figure 1. Prevalence of plasma exchange (PLEX) in patients on 
dialysis at baseline according to the 1-year primary composite 
outcome (n = 105).

Table 4. Multivariate logistic model representing the effect of 
plasma exchange on the primary composite outcome at 1 year in 
patients on dialysis at baseline (n = 105)
Variables OR (95% CI) P-value

Age 0.99 (0.96–1.03) 0.751

Male 0.71 (0.26–1.90) 0.497

MPO-ANCA 3.10 (1.21–8.20) 0.019

ANCA renal risk score 1.40 (1.16–1.73) 0.001

Plasma exchanges 0.23 (0.05–0.80) 0.029

ANCA, antineutrophil cytoplasmic autoantibody; CI, confidence interval; OR, odds ratio; 
MPO, myeloperoxidase.

Table 5. Multivariate linear model representing the effect of plasma 
exchange on the change in absolute value of eGFR at 1 year in 
patients on dialysis at baseline (n = 105)
Variables Estimates (95% CI) P-value

Age − 0.13 (− 0.39 to 0.13) 0.311

Male − 4.10 (− 11.70 to 3.50) 0.287

MPO-ANCA − 10.45 (− 18.08 to − 2.83) 0.008

ANCA renal risk score − 3.49 (− 4.89 to − 2.10) < 0.001

Plasma exchanges 8.96 (0.19–17.72) 0.045

ANCA, antineutrophil cytoplasmic autoantibody; CI, confidence interval; OR, odds ratio; 
MPO, myeloperoxidase.
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However, our results differ from other studies, 
including the PEXIVAS study. This study performed a 
subgroup analysis of patients who were on dialysis at 
baseline or had a serum creatinine level > 5.6 mg/dl.13

The authors showed a nonstatistically significant trend 
toward a benefit of PLEX on the composite outcome of 
death or ESKD in this subgroup. More recently, in a 
retrospective cohort study with a limited number of 
patients with AAV requiring dialysis at baseline, PLEX 
was not significantly associated with a better prognosis 
at 1 year.27 However, our study was conducted in a 
real-world setting with histology as a confounding 
factor, which may explain some of the discrepancies.

Our study has several strengths. We report the 
outcome of a large number of patients. In addition, the 
important cornerstone of our study is that the analysis 
and models included histological data, which is known 
to be highly associated with prognosis. However, our 
study is limited in that we can only present associa
tions between variables without inferring direct cau
sality. The results are based on a retrospective design 
with limited follow-up, and we anticipate subsequent 
selection bias, particularly in patients on dialysis and 
in the use of PLEX. In addition, expected adverse 
events such as infection rates were not reported. 
However, we believe that these biases would affect our 
results quantitatively rather than qualitatively. 
Finally, patients were enrolled from several centers in 
France between 2004 and 2019, before the approval of 
new drugs such as C5aR inhibitors.

In conclusion, despite the high burden of AAV and 
dialysis, > 40% of patients requiring dialysis at base
line are alive and dialysis-free at 1 year. The need for 
dialysis at baseline was associated with poor survival 
and renal prognosis, such as MPO-ANCA and renal 
histological data. Among patients on dialysis at base
line, the use of PLEX was associated with a better 
prognosis, independent of the identified confounders. 
Therefore, the need for dialysis at baseline in AAV 
appears to be a pragmatic selection criterion for patients 
who may benefit from PLEX and merits investigation.
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