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Therapeutic plasma exchange (PLEX) is an adjunctive
treatment for patients with anti-neutrophil cytoplasmic
antibody (ANCA)-associated vasculitis and kidney
involvement. Little is known about the effect of PLEX on
early changes in kidney function. This post-hoc analysis of
the PEXIVAS trial investigated the effects of PLEX on
changes in kidney function within 12 months. PEXIVAS was
a randomized controlled trial recruiting 691 patients with
ANCA-associated glomerulonephritis, of whom 349
underwent PLEX and 342 received no-PLEX. The primary
outcomes of this post hoc study of PEXIVAS were change in
estimated glomerular filtration rate (eGFR) from baseline
and recovery of kidney function (defined as eGFR increase
of 15ml/min/1.73m? or more). Baseline eGFR was 21.7 +
20.3 and 20.6 + 18.7 ml/min/1.73m? in the PLEX and no-
PLEX groups, respectively. Mean improvements in eGFR at
weeks two, four, and eight after initiation of therapy were
greater for the PLEX vs. the no-PLEX groups. The greatest
significant difference in recovery of kidney function in the
PLEX compared to the no-PLEX groups was at week four
(relative risk (RR): 1.41; 95% confidence interval:1.09-1.82).
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Increased eGFR or recovery of kidney function at week four
were significantly associated with lower risk for end-stage
kidney disease at week 52 (RR: 0.96: 0.95-0.97, and RR: 0.29:
0.16-0.52; respectively). Neither changes in eGFR nor
recovery of kidney function differed by reduced- compared
to standard-dose glucocorticoid group. Overall, our study
indicates that PLEX improves early kidney function in
patients with ANCA-associated glomerulonephritis.

Kidney International (2025) 107, 558-567; https://doi.org/10.1016/
j.kint.2024.11.029
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(ANCA)—associated vasculitis (AAV) face a variable dis-

ease course, ranging from moderate disease to severe,
life-threatening manifestations, including pulmonary hem-
orrhage and glomerulonephritis (GN), potentially leading
to end-stage kidney disease (ESKD). ANCA may be patho-
genic, and rapid reductions in ANCA levels may reduce or-
gan damage and improve recovery of kidney function.'
Therapeutic plasma exchange (PLEX), a method of reducing
antibodies, was evaluated in AAV in several randomized
controlled trials.

P atients with anti-neutrophil cytoplasmic antibody
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Lay Summary

Therapeutic plasma exchange (PLEX), a method of
reducing antibodies, and different glucocorticoid (GC)
dosing strategies were evaluated in anti-neutrophil
cytoplasmic antibody (ANCA)-associated vasculitis
(AAV) in several randomized controlled trials. However,
little is known about the effect of PLEX and different GC
doses on early changes in kidney function. We per-
formed a post hoc analysis of an international, random-
ized, controlled trial (PEXIVAS [Plasma exchange and
glucocorticoid dosing in the treatment of ANCA)-associ-
ated vasculitis: a multicentre randomized controlled
trial]) studying the effects of PLEX and 2 GC dosing
regimens on kidney outcomes in patients with ANCA-
associated glomerulonephritis. In this analysis, we
found that the addition of PLEX to standard immuno-
suppressive therapy increased early recovery of kidney
function. At the same time, the use of a reduced-dose
regimen of glucocorticoids resulted in similar kidney
function outcomes to those observed with a standard-
dose regimen. These findings might help to individu-
alize treatment decisions when treating patients with
AAV with kidney involvement and might improve longer-
term kidney outcomes.

The effects of PLEX on important outcomes for patients
with AAV varied across trials performed over the past 40
years. A meta-analysis of 9 randomized controlled trials found
that the risk of kidney failure at 12 months was lower when
PLEX was added to other immunosuppressive measures used
in the induction of remission, but increased the risk of serious
infections.” However, the outcome of kidney failure may be
insensitive to the effects of PLEX on kidney function, and
how the effects of PLEX on kidney function over time change
remains uncertain.

This post hoc analysis of data from the PEXIVAS (Plasma
exchange and glucocorticoid dosing in the treatment of
ANCA-associated vasculitis: a multicentre randomized
controlled trial) trial analyzed the effects of PLEX on changes
in kidney function within the first year of initiating therapy,
and the association between baseline patient characteristics
and the recovery of kidney function. Moreover, further ana-
lyses were performed to investigate the effects of 2 gluco-
corticoid (GC) dosing regimens and ANCA serotype on
kidney outcomes during this time period.

METHODS

Study design

The PEXIVAS trial was a multicenter, international, open-
label, factorial design, randomized controlled trial to
investigate the efficacy of adjunctive PLEX in addition to
standard-of-care immunosuppressive therapy and the efficacy
of 2 GC regimens (standard vs. reduced dose) in patients
with AAV and estimated glomerular filtration rate
(eGFR) <50 ml/min per 1.73 m” or lung hemorrhage (trial
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registration: NCT00987387).” Participants were randomized
in a 2-by-2 factorial design, allowing a 1:1:1:1 ratio to receive
PLEX followed by a standard-dose oral GC regimen, PLEX
followed by a reduced-dose oral GC regimen, no-PLEX fol-
lowed by a standard-dose oral GC regimen, or no-PLEX
followed by a reduced-dose oral GC regimen. The full PEX-
IVAS study protocol is available at https://clinicaltrials.gov/
study/NCT00987389.

Study participants

The PEXIVAS trial recruited 704 patients with AAV (myelo-
peroxidase [MPO]-ANCA or proteinase 3 [PR3]-ANCA
positive) from 95 centers in 16 countries between June 2010
and September 2016. This analysis includes 691 participants
from the original study who had kidney involvement, defined
as a kidney biopsy demonstrating focal necrotizing GN or
active urine sediment characterized by glomerular hematuria
and proteinuria, and eGFR <50 ml/min per 1.73 m* (of note,
patients with previously documented eGFR <60 ml/min per
1.73 m” required a decline of at least 25% of previous eGFR).
Patients with pulmonary hemorrhage without kidney
involvement were excluded from this analysis.

Outcomes

eGFR was calculated by using the “2021 Chronic Kidney
Disease Epidemiology Collaboration creatinine” equation
without race.” Primary end points were as follows: (i) the
fixed point A change in eGFR from baseline at weeks 2, 4, 8,
12, 26, 39, and 52; and (ii) recovery of kidney function (as
defined by an increase in eGFR of =15 ml/min per 1.73 m?)
at weeks 4, 26, and 52. Changes at week 4 were defined as
early renal response and used to investigate the association
with occurrence of ESKD at 52 weeks, that was defined as the
requirement of kidney replacement therapy (hemodialysis or
peritoneal dialysis) for at least 12 consecutive weeks or the
receipt of a kidney transplant.

Secondary end points were as follows: (i) sustained
low eGFR (defined as a persistent low eGFR [<15 ml/min
per 1.73 m?] at baseline sustained over at least 4 weeks,
evidenced by 2 consecutive measurements); and (ii) frequency
of participants with a decline in eGFR of at least 5 ml/min per
1.73 m? from baseline within 4 weeks after randomization.

Statistical analysis

Descriptive statistics are presented as mean (SD) or median
(25th—75th percentile) for continuous variables, and as ab-
solute and relative frequencies for categorical variables, unless
otherwise noted.

The continuous outcome, absolute difference in eGFR
(follow-up minus baseline value), was compared between the
treatment groups PLEX versus no-PLEX and reduced versus
standard GC by using a generalized estimation equation, with
identity link function and normal distribution. Least square
mean group differences (PLEX vs. no-PLEX and reduced GC
vs. standard GC) and their corresponding 95% confidence
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intervals (CIs) at each of weeks 2, 4, 8, 12, 26, 39, and 52 were
calculated.

For categorical outcomes, including renal recovery
(yes/no), sustained low eGFR (yes/no), and decline in eGFR
(yes/no), the treatment groups PLEX versus no-PLEX and
reduced versus standard GC were compared using generalized
estimation equations. Relative risks (RRs) and their 95%
corresponding Cls were obtained using a log-binomial
regression model. In case of multiple time points, the
model terms treatment group, time, and PLEX group—time
and GC group-time interactions were included. An unstuc-
tured working correlation structure was used unless the
model did not converge, in which case exchangeable corre-
lation structures were used. The models were adjusted for the
PLEX group, reduced- versus standard-dose GC, and the 5
minimization parameters used in randomization (age: <60
vs. =60 years; kidney function: serum creatinine level <5.66
mg/dl [500 pmol/l] vs. =5.66 mg/dl or use of dialysis; ANCA
subtype: PR3 vs. MPO; severity of pulmonary hemorrhage:
no hemorrhage vs. nonsevere hemorrhage vs. severe hemor-
rhage [defined as an oxygen saturation of =85% while the
patient was breathing ambient air or the use of mechanical
ventilation]; and planned type of induction immunosup-
pressive therapy: i.v. cyclophosphamide vs. oral cyclophos-
phamide vs. rituximab), consistent with the PEXIVAS trial’s
main protocol and Statistical Analysis Plan.’

For the primary end points, subgroup analyses according to
baseline eGFR (0-15, 15-30, and >30 ml/min per 1.73 m?),
ANCA subtype (PR3-ANCA or MPO-ANCA), and dialysis
dependency at baseline (yes vs. no, only for change in eGFR)
were performed with the models described above but without
adjustment for the minimization parameters because of failure
of the models to converge.

Associations of occurrence of ESKD by 52 weeks with
change in eGFR, recovery of kidney function, sustained low
eGFR, and decline in eGFR at week 4 as covariates were each
investigated with log binomial regression or log Poisson
regression model, separately.

For the primary analysis, documented eGFR measure-
ments were censored after development of ESKD, and no
missing data imputation was done. As sensitivity analysis,
measurements after ESKD were imputed with eGFR = 0, and
last observation carried forward was applied for missing
values (excluding missing values due to lost to follow-up,
withdrawal, or death).

P < 0.05 was considered statistically significant. The results
are exploratory, and no correction for multiple testing was
performed. All analyses were performed by using SAS version
9.4 (SAS Institute).

RESULTS

Baseline characteristics

Of 704 randomized participants, 691 (98.2%) had kidney
involvement and 342 were assigned to PLEX, 349 to no-
PLEX, 346 to reduced-dose GC, and 345 to standard-dose
GC. Baseline characteristics were similar for patients
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receiving PLEX and no-PLEX and reduced or standard dose
of GC. When categorized by ANCA serotype, 279 patients had
PR3-AAV and 412 had MPO-AAV, of whom 138 (49.4%) and
204 (49.5%) received PLEX, respectively. Detailed character-
istics of patients receiving or not receiving PLEX in the whole
study cohort, in those with different GC dosing regimen, and
PR3-AAV and MPO-AAV are shown in Table 1 and
Supplementary Tables S1 and S2, respectively.

Outcomes related to treatment by PLEX

Change in eGFR from baseline. Baseline eGFR was 21.7 +
20.3 and 20.6 + 18.7 ml/min per 1.73 m* in the PLEX and no-
PLEX groups, respectively. The mean eGFR change from
baseline was higher in the PLEX group compared with the no-
PLEX group at weeks 2, 4, and 8, but did not differ at any later
predefined time points, as shown in Figure 1 and
Supplementary Table S3. The mean difference in eGFR change
from baseline for the PLEX compared with the no-PLEX group
was 4.8 (95% CI, 2.9-6.9) ml/min per 1.73 m” at 2 weeks, 4.2
(95% CI, 2.0-6.4) ml/min per 1.73 m? at 4 weeks, and 4.3
(95% CI, 1.5-7.0) ml/min per 1.73 m” at 8 weeks.

Subgroup analyses for different eGFR thresholds and for
ANCA subtypes revealed no treatment-subgroup-time in-
teractions (P = 0.487 and P = 0.602, respectively). Descrip-
tive results stratified by subgroups are presented in
Supplementary Figures S1 and S2. Similarly, no interaction
was observed, when patients on dialysis at baseline were
analyzed (P = 0.339). In the subgroup of patients with a
baseline eGFR of <15 ml/min per 1.73 m?, 118 (34.7%)
required kidney replacement therapy at baseline. Data on
ESKD and mortality rates according to the eGFR thresholds
are summarized in Supplementary Table S4.

Recovery of kidney function. The number of participants
with recovery of kidney function was 103 (32.7%) at 4 weeks,
159 (56.8%) at 26 weeks, and 170 (64.9%) at 52 weeks in the
PLEX group compared with 73 (23.0%) at 4 weeks, 144
(54.8%) at 26 weeks, and 146 (58.2%) at 52 weeks in the no-
PLEX group. The RR of recovery of kidney function in the
PLEX group compared with the no-PLEX group was 1.41 at
week 4 (95% CI, 1.09-1.82; P = 0.008), 1.09 at week 26 (95%
CI, 0.94-1.26; P = 0.268), and 1.16 at week 52 (95% CI, 1.02—
1.33; P = 0.028), as summarized in Table 2. Subgroup ana-
lyses by the baseline eGFR thresholds and by ANCA subtypes
revealed no treatment-subgroup-time interactions (P = 0.367
and P = 0.682, respectively). Descriptive results stratified by
subgroups are presented in Supplementary Tables S5 and Sé6.

Sustained low eGFR and eGFR decline. In total, 115 patients
(18.5%) had a sustained low eGFR over at least 4 weeks after
randomization, of whom 49 (15.7%) received PLEX and 66
(21.3%) were not treated with PLEX (RR, 0.76; 95% CI, 0.57—
1.01; P = 0.058; Table 2).

At week 4, 11 (3.5%) of PLEX and 21 (6.6%) of no-PLEX
treated patients had a decline in eGFR of at least 5 ml/min per
1.73 m* from baseline. The risk for decline in eGFR did not
differ in the PLEX group compared with the group without
PLEX (RR, 0.53; 95% CI, 0.26-1.06; P = 0.081; Table 2).

Kidney International (2025) 107, 558-567
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Table 1| Baseline characteristics of patients without and with

PLEX
Patients Patients
no-PLEX with PLEX
(N = 349) (N = 342)
Age, yr 65 65
Median (25th-75th percentile) (57-73) (55-72)
Female gender, n (%) 156 (44.7) 144 (42.1)
BMI, kg/m? 257 26.5
Median (25th-75th percentile) (23.6-30.1) (23.4-30.3)
Baseline BVAS/GPA 8 8
Median (25th-75th percentile) (6-10) 6-11)
History of vasculitis, n (%) 27 (7.7) 31 (9.7)
ANCA serotype, n (%)
Anti-PR3 141 (40.4) 138 (40.4)
Anti-MPO 208 (59.6) 204 (59.6)
Pulmonary hemorrhage, n (%)
Not severe 65 (18.6) 61 (17.8)
Severe 30 (8.6) 28 (8.2)
Dialysis, n (%) 74 (21.2) 64 (18.7)
Organ involvement, n (%)
Lung 148 (42.4) 140 (40.9)
Heart 4 (1.1) 6 (1.8)
Ear, nose, and throat 103 (29.5) 94 (27.5)
Mucous membranes/eyes 16 (4.6) 20 (5.8)
Cutaneous 39 (11.2) 36 (10.5)
Nervous system 25 (7.2) 37 (10.8)
Glucocorticoid dose regimen, n (%)
Standard 174 (49.9) 171 (50.0)
Reduced 175 (50.1) 171 (50.0)
Planned immunosuppressive therapy, n (%)
i.v. cyclophosphamide 176 (50.4) 172 (50.3)
Oral cyclophosphamide 120 (34.4) 117 (34.2)
Rituximab 53 (15.2) 53 (15.5)
Laboratory results
Creatinine, umol/I* 336 (209-491) 327 (212-491)
Median (25th-75th percentile)
Creatinine <500 pumol/I 245 (70.2) 243 (71.1)
n (%)
Creatinine =500 pmol/I 104 (29.8) 99 (28.9)
n (%)°
eGFR, ml/min per 1.73 m? 21.7 (20.3) 20.6 (18.7)
Mean (£SD)
Hemoglobin, g/I 95 94
Median (25th-75th percentile) (85-106) (83-105)

ANCA, anti-neutrophil cytoplasmic antibody; BMI, body mass index; BVAS, Bir-
mingham Vasculitis Activity Score; eGFR, estimated glomerular filtration rate; GPA,
granulomatosis with polyangiitis; MPO, myeloperoxidase; PLEX, plasma exchange;
PR3, proteinase 3.

Creatinine: <500 umol/l = <5.66 mg/dl.

POr on dialysis.

End-stage kidney disease. At week 52, ESKD rates were
14.0% (48/342) and 16.9% (59/349) in the PLEX and no-
PLEX groups, respectively. To assess the consequence of im-
mediate effects of PLEX on renal outcome at week 52, the
association between predefined end points at week 4 and
ESKD rate was analyzed. Patients with greater eGFR

Kidney International (2025) 107, 558-567

improvement at week 4 had a lower risk of ESKD at week 52.
In addition, patients with sustained low eGFR were at
increased risk to develop ESKD at week 52. Detailed results
are summarized in Table 3.

Outcomes related to treatment by different GC regimen

Change in eGFR from baseline. Baseline eGFR was 22.2 +
20.7 and 20.1 + 18.3 ml/min per 1.73 m” in the reduced-dose
GC and standard-dose GC groups, respectively. The mean
change from baseline eGFR did not differ between the
reduced-dose and standard-dose GC groups at any predefined
time points (Figure 2), whereas mean differences in eGFR
change from baseline for the reduced-dose GC compared
with the standard-dose GC group are summarized in
Supplementary Table S3.

Subgroup analyses for different eGFR thresholds and for
ANCA subtypes revealed no significant treatment-subgroup-
time interactions (P = 0.602 and P = 0.773, respectively).
Descriptive results stratified by subroups are presented in
Supplementary Figures S3 and S4. Similarly, no interaction
was observed for the subgroup of patients on dialysis versus
not on dialysis at baseline (P = 0.467).

Recovery of kidney function. The number of participants
with recovery of kidney function were 88 (27.8%) at 4 weeks,
150 (53.2%) at 26 weeks, and 158 (59.2%) at 52 weeks in the
reduced-dose GC group compared with 88 (27.9%) at 4
weeks, 153 (58.6%) at 26 weeks, and 158 (64.2%) at 52 weeks
in the standard-dose GC group. The RR of recovery of kidney
function in the reduced-dose GC group compared with the
standard-dose GC group was 0.98 at week 4 (95% CI, 0.77—
1.26; P = 0.884), 0.92 at week 26 (95% CI, 0.80-1.07; P =
0.286), and 0.89 at week 52 (95% CI, 0.78-1.02; P = 0.083),
as summarized in Table 4. Subgroup analyses for different
eGFR thresholds or for ANCA subtypes revealed no
treatment-subgroup-time interactions (P = 0.299 and P =
0.950, respectively). Descriptive results stratified by subroups
are presented in Supplementary Tables S5 and S6.

Sustained low eGFR and eGFR decline. The number of
participants with sustained low eGFR over at least 4 weeks
after randomization was 54 (17.4%) in the reduced-dose GC
and 61 (19.6%) in the standard-dose groups (RR, 0.89; 95%
CI, 0.68-1.17; P = 0.411; Table 4).

At week 4, 18 (5.7%) of patients receiving reduced-dose
GC and 14 (4.4%) receiving standard-dose GC had a
decline in eGFR of at least 5 ml/min per 1.73 m® from
baseline (RR, 1.26; 95% CI, 0.64—2.48; P = 0.508; Table 4).

Outcomes in patients with PR3-AAV and MPO-AAV

Change in eGFR from baseline. Improvement in eGFR was
higher in patients with PR3-AAV compared with those with
MPO-AAV from week 4 throughout all further predefined
time points, as shown in Figure 3.

Recovery of kidney function. The number of participants
with recovery of kidney function was 85 (33.2%) at 4 weeks,
140 (60.3%) at 26 weeks, and 145 (66.2%) at 52 weeks in the
PR3-AAV group compared with 91 (24.2%) at 4 weeks, 163
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Change in eGFR, ml/min per 1.73 m?

No-PLEX 349 317 310 295

263 252 251
PLEX 342 315 311 306 280 268 262
T T T
024 8 12 26 39 52
Time, wk

—— No-PLEX —=— PLEX

Figure 1| Change in estimated glomerular filtration rate (eGFR) from baseline over the course of the 52-week observational period
in patients receiving plasma exchange (PLEX) (red line) and no-PLEX (blue line). Data are presented as means and 95% confidence
intervals. The mean change from baseline eGFR was higher in the PLEX group compared with the no-PLEX group at weeks 2, 4, and 8

(P < 0.01).

(52.4%) at 26 weeks, and 171 (58.2%) at 52 weeks in the
MPO-AAV group. The RR of recovery of kidney function in
the PR3-AAV group compared with the MPO-AAV group was
1.39 at week 4 (95% CI, 1.08-1.78; P = 0.011), 1.19 at week
26 (95% CI, 1.03—-1.38; P = 0.021), and 1.19 at week 52 (95%
CI, 1.04-1.37; P = 0.012).

Sustained low eGFR and eGFR decline. Patients with PR3-
AAV had a lower risk for sustained low eGFR compared
with patients with MPO-AAV (RR, 0.54; 95% CI, 0.37-0.79;
P = 0.002). Nevertheless, no difference in risks for decline in
eGFR were found at week 4.

DISCUSSION

This post hoc analysis of the PEXIVAS trial investigated the
effects of PLEX, 2 GC dosing regimens, and ANCA serotype
on kidney outcomes within the first 52 weeks of enrollment in
patients with ANCA-associated GN. The addition of PLEX to
standard immunosuppressive therapy increased early recovery
of kidney function. Importantly, the use of a reduced-dose

regimen of GC resulted in similar kidney function out-
comes to those observed with a standard-dose regimen. Pa-
tients with PR3-AAV had better recovery of kidney function
during the first year, but ANCA serotype did not modify the
response to PLEX.

In this analysis, the use of PLEX resulted in greater abso-
lute improvement in eGFR within the first 8 weeks after
therapy initiation and recovery of kidney function at week 4.
A recent meta-analysis of PLEX randomized clinical trials
using data from a total of 999 patients with AAV, of whom
704 were from the PEXIVAS trial, showed a 42% RR reduc-
tion of ESKD at 12 months in patients treated with PLEX.”
Similarly, in the MEPEX (Methylprednisolone Versus
Plasma Exchange for Renal Vasculitis) trial, PLEX led to a
greater improvement of kidney function at 3 months, which
was associated with better ESKD outcomes at 1 year.” Why
the effect of PLEX on kidney function attenuates on the
longer-term in the PEXIVAS trial is unclear. It might reflect
that standard therapy, comprising higher doses of GCs and

Table 2| Effects of plasma exchange on measures of kidney function in patients with ANCA-associated GN in the PEXIVAS trial

Outcome Week 4 P value Week 26 P value Week 52 P value
Recovery of kidney function 1.41 (1.09-1.82) 0.008 1.09 (0.94-1.26) 0.268 1.16 (1.02-1.33) 0.028
Sustained low kidney function 0.76 (0.57-1.01) 0.058 - - - -
Decline in eGFR 0.53 (0.26-1.08) 0.081 - - - -

-, analysis not performed; ANCA, anti-neutrophil cytoplasmic antibody; eGFR, estimated glomerular filtration rate; GN, glomerulonephritis; PEXIVAS, Plasma exchange and
glucocorticoid dosing in the treatment of ANCA-associated vasculitis: a multicentre randomized controlled trial.

Data are expressed as relative risk (95% confidence interval). Definitions: recovery of kidney function: an increase in eGFR of =15 ml/min per 1.73 m? sustained low eGFR:
persistent low eGFR (<15 ml/min per 1.73 m?) at baseline sustained over at least 4 weeks, evidenced by 2 consecutive measurements; decline in eGFR: a decline in eGFR of at
least 5 ml/min per 1.73 m? from baseline within 4 weeks after randomization.

562 Kidney International (2025) 107, 558-567
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Table 3| Relative risk estimates of primary and secondary end points at week 4 on rate of end-stage kidney disease at week 52

in the PEXIVAS trial

Change in eGFR Mean (£SD) HR (95% Cl) P value
Patients without ESKD 11.7 (15.0) 0.95 (0.94-0.94) <0.001
Patients with ESKD 2.2 (8.7)

Recovery of kidney function Yes No (reference)
Patients with ESKD 4 (2.3) 86 (18.9) 0.12 (0.04-0.32) <0.001
Sustained low eGFR Yes No (reference)
Patients with ESKD 54 (47.0) 33 (6.5) 7.21 (4.92-10.58) <0.001
Decline in eGFR Yes No (reference)
Patients with ESKD 6 (18.8) 84 (14.0) 1.34 (0.63-2.83) 0.444

Cl, confidence interval; eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; HR, hazard ratio; PEXIVAS, Plasma exchange and glucocorticoid dosing in
the treatment of ANCA-associated vasculitis: a multicentre randomized controlled trial.

Data are expressed as number of patients (percentage). Definitions: recovery of kidney function: an increase in eGFR of =15 ml/min per 1.73 m% sustained low eGFR:
persistent low eGFR (<15 ml/min per 1.73 m?) at baseline sustained over at least 4 weeks, evidenced by 2 consecutive measurements; decline in eGFR: a decline in eGFR of at

least 5 ml/min per 1.73 m? from baseline within 4 weeks after randomization.

cyclophosphamide or rituximab used to induce remission, is
already an effective measure to control disease. In addition,
trial-related visits might also allow for optimized surveillance
of patients and initiation of nonimmunosuppressive therapies
with the potential to reduce progression of chronic kidney
disease.

The association between better early kidney function and a
lower risk of kidney failure at 52 weeks may suggest that
rapidly effective therapies beyond early and prompt diagnosis
may improve long-term outcomes, which could, in turn,
mean that kidney function is a reliable longitudinal predictor

30
25

20

Change in eGFR, ml/min per 1.73 m?

of the effect of other immunosuppressive or adjunctive
therapies. It remains unclear why the absolute differences in
eGFR between the PLEX and no-PLEX group are not seen
beyond week 8, but we speculate that mechanisms contrib-
uting to kidney inflammation contribute to the immediate
effects of PLEX, leading to reduction of pathogenic factors,
such as constituents of the complement cascade and ANCA,
which, in turn, lead to early improvement in kidney function.
Direct and indirect effects of PLEX on endothelial dysfunc-
tion or limiting transition of acute lesions to chronic damage
might play a critical role.’ In line, the number of PLEX

10
5
0
Reduced GC 346 317 310 301 282 273 267
Standard GC 345 315 311 300 261 247 246
024 8 12 26 39 52
Time, wk
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Figure 2| Change in estimated glomerular filtration rate (eGFR) from baseline over the course of the 52-week observational period
in patients receiving reduced (blue line) and standard (red line) glucocorticoid (GC) regimen. Data are presented as means and 95%
confidence intervals. The mean change from baseline eGFR did not differ between the groups throughout the observational period (P >

0.05).
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Table 4| Effects of reduced glucocorticoids compared with standard glucocorticoids on measures of kidney function in patients
with ANCA-associated GN in the PEXIVAS trial

Outcome Week 4 P value Week 26 P value Week 52 P value
Recovery of kidney function 0.98 (0.77-1.26) 0.884 0.92 (0.80-1.07) 0.286 0.89 (0.78-1.02) 0.083
Sustained low kidney function 0.89 (0.68-1.17) 0411 - - - -
Decline in eGFR 1.26 (0.64-2.48) 0.508 = = = =

-, analysis not performed; ANCA, anti-neutrophil cytoplasmic antibody; eGFR, estimated glomerular filtration rate; GN, glomerulonephritis; PEXIVAS, Plasma exchange and
glucocorticoid dosing in the treatment of ANCA-associated vasculitis: a multicentre randomized controlled trial.

Data are expressed as relative risk (95% confidence interval). Definitions: recovery of kidney function: an increase in eGFR of =15 ml/min per 1.73 m? sustained low eGFR:
persistent low eGFR (<15 ml/min per 1.73 m?) at baseline sustained over at least 4 weeks, evidenced by 2 consecutive measurements; decline in eGFR: a decline in eGFR of at

least 5 ml/min per 1.73 m? from baseline within 4 weeks after randomization.

sessions might be an important factor to reach sufficiently
suppressed antibody levels, that, in turn, contributes to the
positive effects of PLEX on the long-term. However, a recent
French prospective study indicated that 7 sessions of PLEX
reduced ANCA by >90%, arguing that more sessions might
not be of further help to reduce ANCA titers.” Nevertheless,
the use of a higher dose of GC did not result in a greater
kidney function recovery in this analysis. Similarly, the results
of the ADVOCATE (Avacopan for the Treatment of ANCA-
Associated Vasculitis) trial showed better kidney function
outcomes with the use of avacopan after 3 months but not
before,” suggesting a longer period of disease activity in the
kidney. Further research is needed to understand the de-
terminants of kidney outcomes in ANCA-associated GN and
how different therapies and timing of their use might be best
leveraged.

Patients with PR3-AAV showed greater improvement in
eGFR and recovery of kidney function, whereas fewer patients

had sustained low eGFR in comparison to those with MPO-
AAV. Distinct genetic backgrounds and differences in kidney
involvement due to antigen specificity are well known in
AAV.”'! Recent data from a retrospective analysis revealed that
slowly progressive kidney disease is more frequent in patients
with MPO-AAV compared with PR3-AAV,'>"” with such pa-
tients having more sclerosis on kidney biopsies, which reflect
chronic irreversible damage and is associated with worse kid-
ney outcomes.'”'” In contrast, kidney lesions in PR3-AAV are
more active with potential reversibility and associated with
better kidney outcomes.'® Despite this disparity, the stratified
analysis by ANCA serotype found no differences in the effects
of PLEX or GC regimens on changes in kidney function. This
observation indicates that considering ANCA serology does not
add extra value to personalized risk assessment for the use of
PLEX, as has been propsed by a large retrospective study.'” In
this analysis, MPO-AAV was more frequent in the patient
group having a benefit from the addition of PLEX.
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Figure 3| Change in estimated glomerular filtration rate (eGFR) from baseline over the course of the 52-week observational period
in patients with proteinase 3 (PR3)-anti-neutrophil cytoplasmic antibody (ANCA) (red line) and myeloperoxidase (MPO)-ANCA (blue
line). Data are presented as means and 95% confidence intervals. Statistically significant differences (P < 0.01) were observed from 2 up to 52
weeks.
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This study has several limitations. First, data on protein-
uria and histopathologic review of the kidney specimens were
not available for this analysis. In the MEPEX trial, patients
treated with PLEX had higher rates of recovery of kidney
function when presenting with predominantly (>50%) cres-
centic changes in the kidney histology, which is known to be
associated with better outcomes.'® Therefore, an unbalanced
proportion of distinct histopathologic classes might result in
different outcomes in this study population; however, given
the size of the study population, randomization should have
mitigated such a bias. Furthermore, eGFR-based surrogates of
kidney outcomes need to be better established because there
are no established methods for assessing recovery of kidney
function in the population with AAV. The use of eGFR is
limited in the setting of acute kidney injury and might limit
the interpretation of differences in kidney function when it is
rapidly changing. However, this analysis used 2 methods:
increase in eGFR from baseline and an increase in eGFR
of =15 ml/min per 1.73 m? and an impact of PLEX was
demonstrated with both methods. Moreover, epidemiologic
studies revealed a strong association between categorial
changes in eGFR and all-cause mortality in patients with
chronic kidney disease, whereas sustained low eGFR is an
established surrogate for representing substantial loss of
kidney function.'””” Furthermore, this analysis did not report
the effect of nonrandomized immunosuppressive agents
(namely, cyclophosphamide [either i.v. or per oral] and rit-
uximab) on early renal response. However, prior data from
RAVE (Rituximab Therapy for the Induction of Remission
and Tolerance in ANCA-Associated Vasculitis) and RIT-
UXVAS (An international, randomised, open label trial
comparing a rituximab-based regimen with a standard
cyclophosphamide/azathioprine based regimen in the treat-
ment of active, generalised anti-neutrophilic cytoplasmic
antibodies associated vasculitis) did not reveal differences in
renal response between patients receiving rituximab and
cyclophosphamide as part of their induction therapy.”"*”
PLEX also lowers serum creatinine because of short-term
dilution by fluid loading that might bias its true effect on
kidney function. Nevertheless, this diluting effect only lasts
for a few hours after treatment, accounting for <5% of
intravascular volume, and should not influence later eGFR
evaluation. Finally, the question of whether successful
removal of ANCA antibodies mediates the effects of PLEX on
early kidney outcomes remains unclear from our research.

In conclusion, the addition of PLEX to standard immu-
nosuppressive treatments leads to improvement in early
kidney function, which may explain its benefits on kidney
outcome at 52 weeks. The use of reduced-dose GC does not
negatively impact kidney function at any time point in the
first year. Rapid treatment effects may improve longer-term
kidney outcomes and help differentiate treatment effects in
patients with ANCA-associated GN. Finally, ANCA serology
is an important tool in subclassifying patients with AAV;
however, these results do not provide evidence for its role as a
reliable biomarker in individualized therapy.
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APPENDIX

PEXIVAS Investigators (author institutions included in an
alphabetical list by center)

Australia.  Austin Hospital: Kathy Paizis

Canberra Hospital: Giles Walters

Concord Repatriation General Hospital: Meg Jardine

Flinders Medical Centre: Caroline Milton

Fremantle/Fiona Stanley Hospitals: Abu Ibraham, Brian Siva

Geelong Hospital: Michael Desmond

George Institute for Global Health: Vlado Perkovic

Gold Coast University Hospital: Jadadeesh Kurtkoti

John Hunter Hospital: Eswari Vilayur

Menzies School of Health Research: Alan Cass

Monash Medical Centre: Shaun Summers, Fiona Brown, Jessica
Ryan, Peter Kerr

Nambour General Hospital: Euan Noble

Prince of Wales Hospital: Grant Luxton

Princess Alexandra Hospital: David W. Mudge, Carmel Hawley,
David W. Johnson

Royal Adelaide Hospital: Chen Au Peh, Randall J. Faull

Royal Brisbane and Women'’s Hospital: Dwarakanathan
Ranganathan

Royal Hobart Hospital: Lisa Jeffs

Royal Melbourne Hospital: Kathy Nicholls, Peter Hughes

Royal North Shore Hospital: Bruce Cooper

Sir Charles Gairdner Hospital: Neil Boudbville

St. Vincent's Hospital: Sharon Ford, Robyn Langham

Australasian Kidney Trials Network, University of Queensland:
Donna Reidlinger, AliciaMorrish, Sunil V. Badve, Elaine Pascoe, Peta-
Anne Paul-Brent, Laura Robison, Andrea Valks

Belgium.  University Hospitals Leuven: Daniel Blockmans, Liesbet
Henckaerts, Ben Sprangers

Canada. Hopital Saint-Luc: Rita Suri, Soumeya Brachemi

London Health Sciences Centre: William Clark, Amit Garg

Mount Sinai Hospital/Toronto General Hospital: Simon Carette,
Christian Pagnoux, Heather Reich, David Barth

St. Joseph'’s Healthcare Hamilton: Michael Walsh, Nader Khalidi,
Gerry Cox, Andrea Mazzetti, Diane Robins

St. Michael’s Hospital: Ron Wald, Jeffrey Perl, Katerina Pavenski,
Niki Dacouris

St. Paul’s Hospital: Adeera Levin, Michael Copland

The Ottawa Hospital: Todd Fairhead

University of Alberta: Neesh Pannu, Muhammad Uwais Qarni, Syed
Habib

University of Calgary: Louis Girard, Braden Manns

Czech Republic. General Faculty Hospital: Vladimir Tesar, Zdenka
Hruskova, Zdenka Chocova

Denmark. Aarhus University Hospital: Johan Povlsen, Jon
Gregersen, Per Ivarsen, Henrik Birn

Herlev Hospital: Elizabeth Krarup

Holstebro Hospital, Aarhus University: Erling B. Pedersen, Ingrid
Thomsen, Jesper Ngrgaard Bech

Rigshospitalet Nephrology, Copenhagen University Hospital:
Wladmir Szpirt, Martin Egfjord

France.
Bataille

Centre Hospitalier de la Région d’Annecy: Isabelle Rey

Centre Hospitalier de Mulhouse: Frangois Chantrel

Centre Hospitalier de Valenciennes: Philipe Vanhille, Thomas
Quémeneur

Centre Hospitalier Universitaire de Grenoble: Pierre-Louis Carron,
Philippe Zaoui

CHU Brest-Hopital La Cavale Blanche: Claire de Moreuil, Morgane
Gosselin, Aurélien Delluc, Catherine Hanrotel-Saliou, Mathilde Le
Jeune

CHU de Caen: Maxence Ficheux

CHU de Clermont-Ferrand: Julien Aniort

CHU d'Angers: Christian Lavigne, Jean Francois Augusto

CHU de Toulouse-Hétel Dieu Saint Jacques: Dominique Chauveau,
Joélle Guitard, Antoine Huart, David Ribes

CHU de Tours-Hépital Bretonneau: Philippe Gatault

Centre Hospitalier de Boulogne: Rafik Mesbah, Pierre
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Hépital Civil de Colmar: Camille Becmeur, Sandrine Muller, Valérie
Betz, Alexandre Klein, Gilles Blaison

Hopital Bicétre, Kremlin-Bicétre: Raphaele Seror, Hélene Francois,
Xavier Mariette

Hopital Bichat Claude Bernard, Paris: Aurore Aubrun, Baptiste
Coustet, Elisabeth Palazzo, Sébastien Ottaviani, Tiphaine Goulenok,
Eric Daugas, Philipe Dieudé, Thomas Papo

Hopital Claude Huriez-CHRU Lille: Céline Lebas, Arnaud Lionet

Hépital Cochin, Paris: Loic Guillevin, Luc Mouthon, Xavier Puéchal

Hopital de la Conception, Marseille: Noémie Jourde-Chiche

Hopital Estaing, Clermont-Ferrand: Marc Ruivard

Hépital Européen Georges-Pompidou, Paris: Alexandre Karras

Hépital Henri Mondor, Créteil: Nicolas Limal, Thomas Kofman

Hoépital Saint Eloi, Montpellier: Alain Le Quellec

Hopital Belle Isle, Metz: Francois Maurier

Hoépital Tenon, Paris: Aude Gibelin, Antoine Parrot, Claude
Bachmeyer

Centre Hospitalier de La Rochelle: Bruno Gombert

Hopital Lyon Sud: Mathilde Nouvier, Jean-Christophe Lega

Hoépital Saint Antoine, Paris: Olivier Fain

Hopital Civil de Strasbourg: Emmanuel Andrés, Rachel Cottet

Italy. Azienda Ospedaliera Spedali Civili di
Gregorini, Guido Jeannin, Stefano Possenti

Azienda Ospedaliera Universitaria di Parma: Carlo Buzio, Augusto
Vaglio, Elena Oliva

Japan. Okayama University: Hirofumi Makino

Kitano Hospital: Eri Muso, Tomomi Endo, Hiroko Kakita, Hiroyuki
Suzuki, Takaya Handa, Youngna Kang, Yuki Ariyasu

Kyoto University Hospital: Tatsuo Tsukamoto, Shuichiro Endo,
Hitomi Miyata, Hiroyuki Yamada, Toshiko Ito-lhara

Teikyo University Hospital: Shunya Uchida, Hajime Kono,
Yoshihide Fujigaki, Hirotoshi Kikuchi, Toshihiro Nanki, Hideki Kato,
Akiko Okamoto, Kurumi Asako, Kazuo Suzuki

Tokyo Metropolitan Geriatric Hospital: Yoshitomo Hamano

University of Tsukuba: Kunihiro Yamagata, Joichi Usui

University of Miyazaki: Shouichi Fujimoto, Yuji Sato, Masao Kikuchi

Mexico. Instituto Nacional de Enfermedades Respiratorias: Luis
Felipe Flores-Suarez

Instituto Nacional de Cancerologia, Mexico City: Sergio A. Sanchez-
Guerrero

New Zealand. Auckland City Hospital: Michael Collins
Dunedin Hospital: John Schollum

North Shore Hospital: Janak de Zoysa

Waikato Hospital: Vicki Quincy, Peter Sizeland

Norway. St. Olav's Hospital: Knut Aasarod
University Hospital North Norway: Marit Solbu, Trude Jannecke
Bruun, Wenche Koldingsnes

Poland. Jagiellonian University: Anna Wludarczyk, llona Nowak,
Jacek Gorka, Jan Sznajd, Agnieszka Padjas, Milosz Jankowski,
Agnieszka Widawska, Wojciech Szczeklik

Spain.  Fundacio Puigvert: Jose Ballarin

Sweden. Karolinska Institute: Annette Bruchfeld, Mats Efvergren

Linkoping University Hospital: Per Eriksson

Skane University Hospital: Kerstin Westman, Daina Selga, Caroline
Heijl, Sophie Ohlsson, Marten Segelmark

UK. Aberdeen Royal Infirmary: Neil Basu, Dana Kidder, Nicholas
Fluck

Addenbrooke’s Hospital: David R.W. Jayne, Rona Smith, Lisa
Wilcocks, Mark McClure, Rachel Jones, Sapna Trivedi, Seerapani
Gopaluni

Birmingham Clinical Trials Unit: Elizabeth Brettell, Paul Crump,
Annika Feilbach, Catherine Hewitt, Nick Hilken, Andrew Howman,
Terry Hughes, Natalie Ives, Hugh Jarrett, Samir Mehta, Rebecca
Record, Gemma Ryan, Chaka Sidile

Cancer Research UK Clinical Trials Unit: Keith Wheatley

Freeman Hospital: Sheerin, Alison Brown, Laura Anne Baines, Jim
Lordan

Hammersmith Hospital: Charles Pusey, Anisha Tanna, Stephen
McAdoo, Jeremy Levy, Megan Griffith

Kent and Canterbury Hospital: Bernhard Klebe, Timothy Doulton

Brescia: Gina
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Leicester General Hospital: Graham Warwick, James Burton,
Jonathon Barratt, Peter Topham, Richard Baines, Nigel Brunskill, Reem
Al-Jayyousi

Manchester Royal Infirmary: Patrick Hamilton, Mumtaz Patel,
Sandip Mitra, Nina Brown

Oxford University Hospitals NHS Trust: Edward Sharples, Raashid
Lugmani

Queen Elizabeth Hospital: Lorraine Harper, Benjamin Rhodes,
Dimitrios Chanouzas, Matthew Morgan, Peter Hewins

Royal Berkshire Hospital: Oliver FloBmann, Nitin Bhandary, Julie
Foxton, Linda Jones, Jenny King

Royal Devon and Exeter Hospital: Lucy Smyth, Richard D'Souza,
Richard Haigh, Maxine Hough

Royal Free Hospital: Alan Salama, Aine Burns, Mark Little

Royal Infirmary of Edinburgh: Neeraj Dhaun

Royal Preston Hospital: Ajay Dhaygude

Royal Sussex County Hospital: Kolitha Basnayake, Neil Iggo

St. George’s Hospital: Daniel Jones, David Oliveira, lain A.M.
MacPhee

St. James’ University Hospital: Emma Dunn, Andrew J.P. Lewington

The Royal London Hospital: Stanley Linsun Fan, Ravindra
Rajakariar, Magdi Yaqoob

University of Coventry and Warwickshire: Andrew Short

Western Infirmary: Colin Geddes, Bruce Mackinnon, Alan G.
Jardine

USA. Boston University School of Medicine: Paul Monach, Peter
A. Merkel, Naomi Amudala, Karen Quillen

Cedars-Sinai Medical Center: Michael Weisman, Daniel Wallace,
Lindsy Forbess, Swamy Venuturupalli

Cleveland Clinic: Carol Langford, Rula Hajj-Ali, Anna Koo, Gary
Hoffman

Mayo Clinic: Ulrich Specks, Karina Keogh, Steven Ytterberg, Jeff
Winters, Kenneth Warrington, Rodrigo Cartin-Ceba, Tobias Peikert,
Fernando Fervenza, Misbah Baqir

University of North Carolina: Patrick Nachman, Randy Detwiler,
Amy Mottl, Vimal Derebail, JulieAnne McGregor

University of Pennsylvania: Peter A. Merkel, Antoine Sreih, Rennie
Rhee, Carol McAlear, Nicole Aqui

University of Pittsburgh Medical Center: Larry Moreland, Joseph
Kiss, Kimberly Liang, Niveditha Mohan

University of Virginia: Rasheed Balogun

Washington University School of Medicine in St. Louis: Tingting Li,
Richard Brasington

Steering committee. Andrew Rees (Medical University of
Vienna), David Scott (Norfolk and Norwich University Hospital), Paul
Roderick (University of Southampton)

Data safety and monitoring committee. Martin Landray
(University of Oxford), Richard Watts (University of East Anglia),
Jonathan Emberson (University of Oxford)

DISCLOSURE

AK reports receiving fees and/or research grants from Amgen,
AstraZeneca, Boehringer Ingelheim, CSL Vifor, Delta4, Glaxo Smith
Kline, Novartis, Otsuka, Roche, and Walden Biosciences, outside of
the submitted work. BO reports receiving fees and/or research
grants from AstraZeneca, CSL Vifor, Delta4, Glaxo Smith Kline,
Novartis, and Otsuka, outside of the submitted work. CP reports
consulting fees from Vifor and Alentis. DG reports receiving
consulting fees from Amgen, Aurinia Inc, Calliditas, ChemCentryx,
Glaxo Smith Kline, and Otsuka. DRWJ reports receiving fees and/or
research grants from Alentis, Alpine, AstraZeneca, Aurinia, Chinook,
CSL Vifor, Otsuka, Glaxo Smith Kline, Travere, Novartis, and Roche,
outside the submitted work. MW reports receiving grants from the
Canadian Institutes of Health Research, British Heart Foundation,
Medical Research Future Fund, National Health and Medical
Research Council (Australia), Health Research Council (New
Zealand), Hamilton Academic Health Sciences Organization, and
Vifor; providing consultancies for Otsuka, Glaxo-Smith Kline, and

Kidney International (2025) 107, 558-567



B Odler et al.: Early renal response in AAV after plasma exchange

clinical trial

Bayer; serving on steering committees for studies funded by the
Canadian Institutes of Health Research, Medical Research Future
Fund, National Health and Medical Research Council (Australia),
Bayer, and Otsuka; serving on Data Safety Monitoring Boards for
studies funded by Hansa Pharmaceuticals, National Institute of
Health Research (UK), Medical Research Council (UK), and Roche;
and serving on Event Adjudication Committees for studies funded
by Novo NorDisc and the Dutch Kidney Foundation. MW receives no
personal remuneration for any of the above activities. VT resports
fees from Alexion, AstraZeneca, Boehringer-Ingelheim, Calliditas,
Glaxo Smith Kline, Novartis, Omeros, Otsuka, and Travere. ZSW re-
ports research support from Amgen, Bristol-Myers Squibb, Horizon,
and Principia/Sanofi; consulting fees from Amgen, Viela Bio, Horizon,
Zenas Biopharma, PPD, Visterra/Otsuka, and MedPace; and has
served on advisory boards for Amgen, Horizon, Pfizer, Sanofi, Shi-
nogi, and Visterra/Otsuka. All the other authors declared no
competing interests.

DATA STATEMENT

Following publication of all protocol-listed tertiary outcomes of the
PEXIVAS trial, anonymized data can be requested by investigators
whose proposed use of the data has been approved by the PEXIVAS
Publications Committee for substudies and ancillary analyses with
scientific merit that can be validly addressed with PEXIVAS data. In-
vestigators may propose a substudy or analysis requiring PEXIVAS
data by submitting a proposal to the PEXIVAS Publications Commit-
tee through 1 of the principal investigators. Approved substudies/
analyses will provide a list of specific data items required, an analysis
plan, evidence of sufficient capacity to conduct the proposed study,
and enter into a data sharing agreement before the release of PEX-
IVAS data.

ACKNOWLEDGMENTS
This research was funded in part by the Austrian Science Fund (grant
J 4664 to BO).

This study was supported by the National Institute for Health
and Care Research Cambridge Biomedical Research Centre. The
PEXIVAS trial was supported by grants from the National Institute
for Health Research, UK (HTA 08/56/04); the Food and Drug
Administration (FDA RO1 FD003516); the National Institute of
Arthritis and Musculoskeletal and Skin Diseases (U54 AR0573319);
the National Institutes of Health of the US Department of Health
and Human Services; the National Health and Medical Research
Council, Australia (626939, APP1086192, 631731, and
APP1092957); the Canadian Institutes of Health Research (211079
and 159662); the French Ministry of Health, Programme
Hospitalier de Recherche Clinique (AOM11142); the Research
Committee on Intractable Vasculitides of the Ministry of Health,
Labor, and Welfare of Japan; and the Japan Agency for Medical
Research and Development: the Strategic Study Group to
Establish the Evidence for Intractable Vasculitis Guideline. Terumo
BCT, Terumo BCT Mexico, Fresenius Medical Care Australia, Baxter
Healthcare (Australia), and Asahi Kasei Medical provided in-kind
plasma-exchange disposables. MW was supported by a New
Investigator Award from the Canadian Institutes of Health
Research, as stated previously.

Supplementary material is available online at

international.org.

www.kidney-

Kidney International (2025) 107, 558-567

REFERENCES

1. Kitching AR, Anders HJ, Basu N, et al. ANCA-associated vasculitis. Nat Rev
Dis Primer. 2020;6:71.

2. Walsh M, Collister D, Zeng L, et al. The effects of plasma exchange in
patients with ANCA-associated vasculitis: an updated systematic review
and meta-analysis. BMJ. 2022;376:064604.

3. Walsh M, Merkel PA, Peh CA, et al. Plasma exchange and glucocorticoids
in severe ANCA-associated vasculitis. N Engl J Med. 2020;382:622-631.

4. Inker LA, Eneanya ND, Coresh J, et al. New creatinine- and cystatin C-
based equations to estimate GFR without race. N Engl J Med. 2021;385:
1737-1749.

5. Jayne DRW, Gaskin G, Rasmussen N, et al. Randomized trial of plasma
exchange or high-dosage methylprednisolone as adjunctive therapy for
severe renal vasculitis. J Am Soc Nephrol. 2007;18:2180-2188.

6. Stahl K, Schmidt JJ, Seelinger B, et al. Effect of plasma exchange on
endothelial activation and coagulation-related parameters in septic
shock. Crit Care. 2020;24:71.

7. Sallee M, Resseguier N, Crepin T, et al. Immunadsorption and plasma
exchange are comparable in antineutrophil cytoplasmic antibodies and
anti-glomerular basement membrane removal kinetics. Kidney Int Rep.
2024;9:2767-2773.

8. Jayne DRW, Merkel PA, Schall TJ, Bekker P, ADVOCATE Study Group.
Avacopan for the treatment of ANCA-associated vasculitis. N Engl J Med.
2021;384:599-609.

9. Unizony S, Villarreal M, Miloslavsky EM, et al. Clinical outcomes of
treatment of anti-neutrophil cytoplasmic antibody (ANCA)-associated
vasculitis based on ANCA type. Ann Rheum Dis. 2016;75:1166-1169.

10. Cornec D, Cornec-Le Gall E, Fervenza FC, Specks U. ANCA-associated
vasculitis - clinical utility of using ANCA specificity to classify patients.
Nat Rev Rheumatol. 2016;12:570-579.

11.  Trivioli G, Marquez A, Martorana D, et al. Genetics of ANCA-associated
vasculitis: role in pathogenesis, classification and management. Nat Rev
Rheumatol. 2022;18:559-574.

12. Trivioli G, Gopaluni S, Urban ML, et al. Slowly progressive anti-neutrophil
cytoplasmic antibody-associated renal vasculitis: clinico-pathological
characterization and outcome. Clin Kidney J. 2021;14:332-340.

13. Quintana LF, Peréz NS, De Sousa E, et al. ANCA serotype and
histopathological classification for the prediction of renal outcome in
ANCA-associated glomerulonephritis. Nephrol Dial Transplant. 2014;29:
1764-1769.

14. Hauer HA, Bajema IM, van Houwelingen HC, et al. Renal histology in
ANCA-associated vasculitis: differences between diagnostic and
serologic subgroups. Kidney Int. 2002;61:80-89.

15. de Joode AAE, Sanders JSF, Stegeman CA. Renal survival in proteinase 3
and myeloperoxidase ANCA-associated systemic vasculitis. Clin J Am Soc
Nephrol. 2013;8:1709-1717.

16. Mohammad AJ, Segelmark M. A population-based study showing better
renal prognosis for proteinase 3 antineutrophil cytoplasmic antibody
(ANCA)-associated nephritis versus myeloperoxidase ANCA-associated
nephritis. J Rheumatol. 2014;41:1366-1373.

17. Nezam D, Porcher R, Grolleau F, et al. Kidney histopathology can
predict kidney function in ANCA-associated vasculitides with acute
kidney injury treated with plasma exchanges. J Am Soc Nephrol.
2022;33:628-637.

18. Berden AE, Ferrario F, Hagen EC, et al. Histopathologic classification of
ANCA-associated glomerulonephritis. J Am Soc Nephrol. 2010;21:1628-
1636.

19. Chronic Kidney Disease Prognosis Consortium, Matsushita K, van der
Velde M, et al. Association of estimated glomerular filtration rate and
albuminuria with all-cause and cardiovascular mortality in general
population cohorts: a collaborative meta-analysis. Lancet. 2010;375:
2073-2081.

20. Levin A, Agarwal R, Herrington WG, et al. International consensus
definitions of clinical trial outcomes for kidney failure: 2020. Kidney Int.
2020;98:849-859.

21. Stone JH, Merkel PA, Spiera R, et al. Rituximab versus cylophoshamide for
ANCA-associated vasculitis. N Engl J Med. 2010;363:221-232.

22. Jones RB, Tervaert JWC, Hauser T, et al. Rituximab versus
cyclophoshamide in ANCA-asscoiated renal vasculitis. N Engl J Med.
2010;363:211-220.

567


http://www.kidney-international.org
http://www.kidney-international.org
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref1
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref1
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref2
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref2
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref2
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref3
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref3
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref4
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref4
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref4
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref5
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref5
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref5
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref6
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref6
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref6
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref7
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref7
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref7
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref7
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref8
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref8
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref8
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref9
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref9
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref9
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref10
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref10
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref10
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref11
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref11
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref11
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref12
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref12
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref12
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref13
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref13
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref13
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref13
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref14
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref14
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref14
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref15
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref15
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref15
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref16
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref16
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref16
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref16
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref17
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref17
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref17
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref17
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref18
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref18
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref18
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref19
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref19
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref19
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref19
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref19
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref20
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref20
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref20
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref21
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref21
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref22
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref22
http://refhub.elsevier.com/S0085-2538(24)00911-6/sref22

	The effects of plasma exchange and glucocorticoids on early kidney function among patients with ANCA-associated vasculitis  ...
	Methods
	Study design
	Study participants
	Outcomes
	Statistical analysis

	Results
	Baseline characteristics
	Outcomes related to treatment by PLEX
	Change in eGFR from baseline
	Recovery of kidney function
	Sustained low eGFR and eGFR decline
	End-stage kidney disease

	Outcomes related to treatment by different GC regimen
	Change in eGFR from baseline
	Recovery of kidney function
	Sustained low eGFR and eGFR decline

	Outcomes in patients with PR3-AAV and MPO-AAV
	Change in eGFR from baseline
	Recovery of kidney function
	Sustained low eGFR and eGFR decline


	Discussion
	Appendix
	PEXIVAS Investigators (author institutions included in an alphabetical list by center)
	Outline placeholder
	Australia
	Belgium
	Canada
	Czech Republic
	Denmark
	France
	Italy
	Japan
	Mexico
	New Zealand
	Norway
	Poland
	Spain
	Sweden
	UK
	USA
	Steering committee
	Data safety and monitoring committee


	Disclosure
	Data Statement
	Acknowledgments
	References


