Transfusion and Apheresis Science 60 (2021) 103227

Contents lists available at ScienceDirect

ransfusiol
and Apheresis

Transfusion and Apheresis Science

ELSEVIER journal homepage: www.elsevier.com/locate/transci

Original Article ' 1)
Analyses of registry data of patients with anti-GBM and antineutrophil

cytoplasmatic antibody-associated (ANCA) vasculitis treated with or
without therapeutic apheresis

M. Mortzell Henriksson ?, M. Weiner”, W. Sperker?, G. Berlin ¢, M. Segelmark ¢, '
A. Javier Martinez, J. Audzijoniene ! A. Griskevicius', E. Newman ¢, M. Blaha ", H. Vrielink ’,
V. Witt’, B. Stegmayr **

& Umea University, Umea, Sweden

Y Department of Nephrology in Linkoping, and Department of Health, Medicine and Caring Sciences, Linkoping University, Linkoping, Sweden

¢ Department of Clinical Immunology and Transfusion Medicine, and Department of Biomedical and Clinical Sciences, Linkoping University, Linkoping, Sweden
d Department of Clinical Sciences, Lund University, Lund, Sweden

€ Uppsala University, Uppsala, Sweden

{ Vilnius University, Vilnius, Lithuania

8 Concord Hospital, Sydney, Australia

b Kralove University, Kralove, Czech Republic

1 Sanquin, Amsterdam, Netherlands

J St Anna Kinderspital, Vienna, Austria

ARTICLE INFO ABSTRACT
Keywords: Therapeutic apheresis (TA) as a treatment for antibody-associated vasculitis (AAV) was questioned by the
Therapeutic apheresis PEXIVAS although the MEPEX study favored TA.
Antibo.d%es The aim of this study was to evaluate the efficacy of TA to improve renal function in patients consecutively
X:;:;lil:pairment included in the WAA-apheresis registry versus patients not treated with TA.
PR-3 Materials and methods: Included were 192 patients that suffered from anti-glomerular basement membrane dis-
MPO ease (anti-GBM, n = 28) and antineutrophil cytoplasmic antibody-associated vasculitis of MPO or PR3 origin. Of
Anti-GBM these 119 had performed TA and the other 73 had not performed TA for theses diagnoses (CTRL).
Results: Elderly had an increased risk to die within 12 months (p = 0.002). All 28 anti-GBM had renal
involvement, 21 dialysis dependent. At 3 month nine (36 %) did not need dialysis. Baseline data regarding renal
function of AAV patients, subtype MPO and PR3, were worse in the TA groups than in CTRL. Recovery out of
dialysis was better for the PR3-TA group compared with 1) the controls of MEPEX (RR 0.59, CI 0.43—0.80) and
2) the MPO-TA patients (RR 0.28, CI 0.12—0.68). The MPO-TA recovered similarly as the MEPEX-CTRL. Renal
function improved most for TA-patients from baseline during the first 3 months (MPO-TA and PR3-TA) and
stabilized thereafter and less for MPO-CTRL and PR3-CTRL.
Conclusion: PR3-TA patients seem to have best chances to get out of dialysis. PR3-TA and MPO-TA improved
residual renal function better than CTRL. The present study recommends reconsiderations to use TA for AAV
especially those with PR3-vasculitis with severe renal vasculitis.
1. Introduction antibody mediated diseases such as anti-glomerular basement mem-
brane disease (anti-GBM) and antineutrophil cytoplasmic antibody
Patients with antibody mediated vasculitis and renal involvement (ANCA)-associated vasculitis (AAV) [1]. ANCA can be specific for
develop various clinical pictures. Therapeutic apheresis (TA) has been myeloperoxidase (MPO) or proteinase 3 (PR3). AAV is clinically sub-
used as an additional therapeutic effort to immunosuppressive drugs in divided into microscopic polyangiitis, granulomatosis with polyangiitis,

* Corresponding author at: Department of Public Health and clinical Medicine, Unit for Medicine, Umea University, 90187, Umea, Sweden.
E-mail address: bernd.stegmayr@umu.se (B. Stegmayr).

https://doi.org/10.1016/j.transci.2021.103227

Received 13 May 2021; Received in revised form 29 July 2021; Accepted 29 July 2021

Available online 31 July 2021

1473-0502/© 2021 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


mailto:bernd.stegmayr@umu.se
www.sciencedirect.com/science/journal/14730502
https://www.elsevier.com/locate/transci
https://doi.org/10.1016/j.transci.2021.103227
https://doi.org/10.1016/j.transci.2021.103227
https://doi.org/10.1016/j.transci.2021.103227
http://crossmark.crossref.org/dialog/?doi=10.1016/j.transci.2021.103227&domain=pdf
http://creativecommons.org/licenses/by/4.0/

M. Mortzell Henriksson et al.

and eosinophilic granulomatosis with polyangiitis [2]. Approximately
20 % are treatment resistant while 30—60 % relapse with 20-40 %
ending up with end stage renal disease (ESRD) [2]. Besides initial TA,
the treatment of AAV subtypes is divided into two phases, i.e. induction
and maintenance therapy with aim to reduce antibody titers and to
avoid relapses [2].

Although previous studies indicated benefits using TA to recover
kidney function [3-8], other studies stated that there was no benefit
using TA in these patients [9,10] inducing a pro and con debate [11-13].
The studies included aggregated patients of both MPO and PR3 positive
AAV.

The aim of the present study, based on registry data, was to inves-
tigate recovery out of dialysis and renal function in a group of patients
performing TA in regard to a non-TA group, suffering from either anti-
GBM, MPO or PR3 vasculitis.

2. Materials and methods

The study included 192 patients that suffered from ANCA or anti-
GBM associated vasculitis. The investigation focused on recovery out
of dialysis and change in renal function in a group of patients performing
TA compared to a non-TA group. One hundred nineteen patients were
included as they had performed apheresis (included from the WAA
apheresis register from 2011 until 2019) TA as part of the therapy
(Groups: TA). The other 73 patients constituted a non-apheresis control
group (Group: CTRL) that suffered from ANCA or anti-GBM associated
vasculitis. Those patients were collected from Swedish hospitals that did
not perform TA. The registry includes data that is part of the Swedish
quality assessment system, supported by Swedish health authorities
(Swedish Association of Local Authorities and Regions, the National
Board of Health and Welfare in Sweden, and Personal data ordinance,
PUL).

To find control patients, that were registered at hospitals not per-
forming apheresis but included in the National Data Base for Diagnoses a
search was made for patients with the following diagnoses coded by the
ICD-10 system: M310, M313, M317, M318, M319. All diagnoses were
clinically confirmed by the local physician as based on elevated anti-
body titers and if available, histological evidence. In four of the ANCA
positive patients an elevated titer was described but the exact titer was
not able to find in case notes. Groups were anti-GBM vasculitis (Group:
GBM), granulomatosis with polyangiitis based on PR3 antibodies
(Group: PR3), and microscopic polyangiitis based on MPO antibodies
(Group: MPO).

Ethical committee approval also included approval to retrieve
centralized data from the National Board of Health and Welfare (D-
number 2011-113-31 M and 2012-311-32 M).

The same questionnaire was used in centers that performed TA and
in centers which did not (CTRL).

Physicians at the various centers were asked to fill out baseline and
follow up data on the patients. Data collected included if and how many
TA procedures were performed and if available data of replacement
fluid, gender, age, diagnosis, and antibody titer levels against MPO, PR3
and anti-GBM. One question included tobacco habits since tobacco
habits have been suspected to interfere with vasculitis [14]. A question
included information of immunosuppressive therapy. Since this varied
over time no doses in relation to body weight were requested. Collection
of data of pulmonary hemorrhage was sparse and if given the grade of
severity was not given. These data were therefore not included in the
analysis.

The study lacks precise data of the individual apheresis technique
used and individual volumes exchanged.

The patients were divided into subgroups including those who
needed dialysis during baseline therapy or had a serum creatinine >500
pmol/L (Group: HD). These criteria were similar to those used by Jayne
et al. in their randomized trial (MEPEX) [6]. MEPEX was a randomized
controlled trial where TA was compared to methyl prednisolone pulses
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(Dose). We compared our data with the control group of the MEPEX
study. Data on renal function (creatinine and eGFR, based on the MDRD
formula) were collected at baseline (at admission) and during follow-up
at 3, 6 and 12 months. This included data whether belonging to the HD
group and if the patient was alive or not. For patients in hemodialysis
imputations were then done regarding eGFR that was set at 5
mL/min/1.73 m? during the first 3 months and at 4 mL/min/1.73 m?
after >6 months, since established dialysis patients have an expected
drop in GFR.

Centers where TA was not established as baseline therapy were
investigated for their consecutive patients in a similar manner.

We were not able to collect individual information of the dosage of
immunosuppression.

However, since most patients derived from Sweden, most physician
treated according to the Skéne guideline protocol for AAV treatment.
This is in line with recent Cochran recommendations [15].

The induction protocol adjusted medication after disease, severity,
eGFR and age (>75years) of the patient. Options for oral cyclophos-
phamide (1.5—2 mg/kg bow/day) and pulse (doses if pulse 7.5-15 mg/
kg bow/pulse based on eGFR and age), solumedrol pulse (250—500 mg
1-3 dose initially) and in parallel oral prednisolone (1 mg/kg bow) were
recommended and doses tapered over time. Rituximab pulse doses
recommended were 1 g each with 2 doses within 2 weeks. Maintenance
doses recommended were initiated after approximately 5-6 months and
the use of i.e., azathioprine where recommended as 2 mg/kg bow and
day initially, tapered to 1 mg/kg bow and day at 24 months and then
recommended reevaluation if to be continued or not.

Statistical analyses included Fishers and Mantel Haenszel test for
rates, group comparisons using t-test and for non-parametric data Mann-
Whitney U test Paired comparisons were made using Wilcoxon non
parametric analyses. Correlation analyses were performed with
Spearman test. Multiple logistic regression analyses were performed
with death as dependent factor and variable gender, age and induction
therapy cyclophosphamide versus rituximab. A two-tailed p-value less
than 0.05 was considered significant. Analyses were performed with
SPSS IBM statistic program version 25.

3. Results

A total of 192 patients (mean age 62 years +17, range 11-88 years,
57 % men, see Tables 1 and 2) were included in the study. Of these 119
were treated with TA performing plasma exchange in addition to
pharmacological therapy (Group TA) while the other group had been
treated by pharmacological therapy only (Group CTRL). All anti-GBM
and ANCA patients had elevated antibodies. In 18 of 28 anti-GBM pa-
tients also ANCA antibodies were measured. Seven of these (39 %) had
elevated ANCA antibodies in addition to anti-GBM (Table 1).

The number of apheresis performed within the various groups are
given in Table 3. The choice of replacement fluid was registered for most
of the TA patients. Mainly albumin was used (versus mainly plasma) in
59 % (10/17) of those treated with TA for anti-GBM, 28 % (7/25) of
those with MPO-ANCA, and 38 % (16/42) for PR-3-ANCA. The other
proportion of patients were mainly supplemented by fresh frozen
plasma.

Seventy-three suffered from MPO-positive vasculitis (MPO) and 91
from PR3-positive vasculitis (PR3). A total number of 63 patients were in
need of dialysis during the initial hospital stay (59 of them were treated
with TA) while 133 patients did not need HD at baseline or later except
one patient (anti-GBM) that progressed into HD within 3 months.

Twenty-seven of the Anti-GBM patients received pharmacological
therapy (Pharma) and TA while one 80 year-old man received Pharma
but not TA. He needed dialysis and stayed with dialysis until he died 5
months later. These 28 were grouped together into anti-GBM (GBM).

The other patients were grouped as those with TA (MPO-TA and PR3-
TA) or as controls without TA (MPO-CTRL, PR3-CTRL).

The median number of apheresis performed by each patient is shown
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Table 1
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Distribution of data of anti-GBM patients at start and follow up. Data is given as median (25 and 75 % quartiles), in numbers and proportion (n, %), ‘Lost to follow up’
(Ltfu) and either not dialysis dependent (Not- Dialysis Dep.) or dialysis dependent (Dialysis Dep.). ANCA analysis besides anti-GBM was performed in 18 of the patients.

Within 1 st month At 3 months At 6 months At 12 months
(n = 28) (n = 28) (n=27,Lfu=1) (n = 24, Ltfu = 4)
All anti-GBM patients Alive Alive Dead (n = 3) Alive (n = 21) Dead (n = 6) Alive (n = 17) Dead (n =7)
(n = 28) (n = 25)
Age Median IQR, years 63.5 61 (45—-68) 75 (69-75) 61 (45—66) 75 (67—82) 63 (45—66) 75 (69—80)
(46—70)
Age >60 years (n, %) 16 (57 %) 13 (52 %) 3 (100 %) 11 (52 %) 5 (83 %) 10 (59 %) 6 (86 %)
Male (n %) 13 (46 %) 10 (40 %) 3 (100 %) 9 (43 %) 4 (67 %) 8 (47 %) 4 (57 %)
Additional positive ANCA (n, %) 7/18 5/16 (36 %) 2/2 (100 %) 5/13 (39 %) 2/4 (50 %) 5/12 (42 %) 2/4 (50 %)
(39 %)
Dialysis (n,%) 21 (75 %) 16 (64 %) 14 (67 %) 11 (65 %)
Subgroup: 7 (25 %) 9 (36 %) 1of3 7 (33 %) 1of6 6 1of7
Not-Dialysis Dep.
Age 27 (21-69) 29 (20-67) 29 (21-64) 44 (20-70)
Age >60 years (n, %) 3 (43 %) 3 (33 %) 2 (29 %) 3 (50 %)
Male (n %) 3 (43 %) 3 (33 %) 3 (43 %) 3 (50 %)
Additional positive ANCA (n,%) 1/4 (25 %) 1/5 (20 %) 1/4 (25 %) 1/5 (20 %)
s-creatinine (pmol/L) 195 (189—-340) 201 (101-271) 145 (92—-239) 109 (84—-301)
eGFR (mL/min/1.73 m?) 30 (16—40) 39 (21-71) 43 (30-72) 60 (18—83)
Subgroup: 21 (75 %) 16 (76 %) 20of 3 14 (67 %) 5o0f 6 11 (65 %) 6 of 7
Dialysis Dep.
Age Median IQR, years 64 (51-73) 64 (54—69) 64 (51-67) 63 (52—65)
Age >60 years 13 (62 %) 10 (63 %) 9 (64 %) 7 (64 %)
(n, %)
Male (n %) 10 (48 %) 7 (44 %) 6 (43 %) 5 (46 %)

ANCA-positive

6/14 (43 %)

4/11 (36 %)

4/9 (44 %)

4/7 (57 %)

Table 2

Demographic data of patients who were treated with therapeutic apheresis (TA)
or not (CTRL) with either MPO-ANCA (MPO) or PR3-ANCA (PR3) vasculitis.
Data is given as numbers (N), percentage (%), mean (m) and standard deviation
(). Dialysis dependent or serum creatinine >500 pmol/L at admission. eGFR is
given as mL/min/1.73 m?,

Group TA Group CTRL p-value
MPO + PR-3 N =92 N=72
Men/Women 57/35 40/32
Age, years 62.2 +£17.6 64.2 +£13.4 NS
Dialysis dep. 39 3 <0.001
Serum-creatinine 496 + 365 201 + 148 <0.001
eGFR 22.7 + 28.0 49.1 £ 35.1 <0.001
Subgroup: MPO N =35 N=38
Men/Women 22/13 22/16 NS
Age, years 63.8 +18.7 68.5 +£11.0 NS
Dialysis dep. 19 1 <0.001
creatinine 510 + 298 225 + 127 <0.001
eGFR 17.3 £ 21 36.3 + 24 0.001
Subgroup: PR3 N =57 N =34
Men/Women 35/22 18/16
Age, years 61.2 £17.0 58.9 £ 14.2 NS
Dialysis dep., N 20 2 <0.01
creatinine 487 + 404 175 + 167 <0.001
eGFR 26.1 + 31 63.4 + 40 <0.001

in Table 3 and was for anti-GBM 9 sessions (range 2-39, n = 24, missing
data in 3 patients), PR-3 ANCA 7 sessions (1-13, n = 55), MPO-ANCA 6
(1-17, n = 55, missing 2). Patients with anti-GBM performed more
sessions/patient than those with PR-3 (p = 0.019) and MPO (p = 0.002),
and PR-3 more than MPO (p = 0.044).

Information about tobacco habits was sparse. There were more
current and previous versus never tobacco users in group TA (20 versus
10) than in group CTRL (3 versus 12 in group CTRL, RR 3.3 CI
1.17-9.46, p = 0.007).

A total of 1055 TA procedures had been performed in Group TA
(Median and range for GBM: 9, 2-39, MPO: 6, 1-17, PR3: 7, 1-13).

Table 3
Mean and median numbers of therapeutic apheresis performed in patients with
various diagnoses.

Anti-GBM MPO-ANCA PR-3 ANCA
Valid, N 24 35 55
Missing data, N 3 0 2
Mean, N 12.1 6.2 7.3
Median, N 9 6 7
Std. Deviation 9.3 3.1 3.0
Minimum 2 1 1
Maximum 39 17 13
Data missing 3 0 2

Antibody titers were analyzed as pairs only, since different methods
were used at different hospitals. All antibody titers were significantly
reduced within 3 months (by 67-84 %); while anti-GBM was further
reduced up to 6 months in the TA group (p = 0.022).

3.1. Group differences

3.1.1. Anti-GBM

All anti-GBM patients (N = 28) had renal impairment. Of these 7 did
not need dialysis during the initial hospital stay. The median numbers of
apheresis/patient were 9 (IQR: 8-19). Serum creatinine at inclusion was
at a median 578 pmol/L (133—1131 pmol/L). Induction therapy was
cyclophosphamide oral or pulse in 27 and rituximab in one; all 28
received corticosteroids in addition.

None of the initial dialysis patients came off dialysis during initial
hospital stay, while 4 of them came off dialysis until 3 months and
another came off dialysis until 12 months (Table 1). One of the initial 7,
not in dialysis during initial hospital stay, worsened renal function and
needed dialysis within 3 months. Due to referral back to the local hos-
pitals 1 patient was lost to follow up before 6 months and 4 more after 6
months.

At three months 5 of the 7 patients, not HD dependent during the
admission period, stayed off dialysis (one died and one progressed into
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HD) while 4 of the initial 21 HD patients recovered out of HD.

One 80-year old man was not treated with TA. He died within 6
months from inclusion. The change in eGFR is seen in Table 1 for those
not on dialysis and for the whole group in Fig. 1.

3.1.2. MPO and PR3 vasculitis (Table 4A and 4B)

At baseline there were more dialysis patients in the TA versus CTRL
group, both in the MPO and the PR3 groups (p < 0.004, Tables 2 and 3,
Figs. 2 and 3). eGFR was lower at baseline in the MPO-TA and also in the
PR3-TA than the respective CTRL group (Table 4A).

The change in eGFR from baseline until 3, 6 and 12 months is shown
in Table 4A, Fig. 2 and 3. The eGFR improved most during the first 3
months for all groups (Table 4A).

For MPO patients a significant improvement in eGFR from baseline
to 3, 6 and 12 months was present that was similar for patients in the
MPO-TA group and the MPO-CTRL group, although the baseline level
was lower for the MPO-TA.

The percentage improvement from baseline was significantly better
for the MPO-TA patients than for MPO-CTRL (p < 0.001).

For PR3 patients the improvement in eGFR from baseline to 3, 6 and
12 months was better for patients in the PR3-TA group versus the PR3-
CTRL (p < 0.011). For the PR3-CTRL group a significant reduction
developed in eGFR from 3 months to 6 months (p = 0.029).

The percentage improvement from baseline to 3, 6 and 12 months
was also better for the PR3-TA versus PR3-CTRL (p < 0.012, Table 4A).
The number of patients in dialysis at baseline and rate of recovery out of
dialysis is shown in Table 4B.

3.1.3. TA groups without dialysis at baseline

Neither any of the non-dialysis patients at baseline of the MPO-TA (n
= 16) nor the PR3-TA (n = 37) worsened to need dialysis later. Loss of
patients due to death of these patients was present for the MPO-TA in 1
at 3 months, and 2 at 6 and 12 months and for PR3-TA in 2 at 3 months
and 3 at 6 and 12 months. None was lost to follow-up in any of the
groups.

3.1.4. Control groups with dialysis at baseline

In the control groups hemodialysis at baseline was necessary in 1 of
the MPO patients and 2 of the PR3. The MPO patient recovered out of
HD within 12 months. One of the PR3 patients died within 3 months
while the other recovered out of HD within 6 months.

3.1.5. Control groups without dialysis at baseline

Neither any of the non-dialysis patients at baseline of the MPO-CTRL
(n = 37) nor the PR3-TA (n = 32) worsened to need dialysis later. Loss of
patients due to death of these patients was present for the MPO-CTRL in
2 at 3 months, and 3 at 6 and 12 months and for PR3-CTRL in none
during 12 months. None was lost to follow-up in the MPO-CTRL and in
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the PR3-CTRL 2 at 3 months and 3 at 6 and 12 months.

3.1.6. Comparison of MPO-TA and PR3-TA with the MEPEX study

The number of patients on dialysis or with a serum creatinine >500
pmol/1 is seen in Table 5 and 3. Comparison was made with outcome
data of the MEPEX study (Table 4A, 4B, Fig. 4). In the MEPEX study
there were 67 patients that were not treated with TA. Of these 33
recovered out of dialysis until 3 months follow up [6]. Comparison with
the present study data showed that the recovery in the aggregated data
of the MPO-TA and PR3-TA groups did not differ versus the control
group of the MEPEX study.

When the PR3 and MPO groups were analyzed separately when pa-
tients on HD and death was included in analysis: the PR3-TA had a
significantly better outcome than was found for the MEPEX control
group (79 %, RR 0.59, CI 0.43—0.80; Table 5). A better outcome was
also found when comparing PR3-TA with MPO-TA (RR 0.21, CI
0.07—0.60). In contrast there was no difference between the MPO-TA
group and the MEPEX control group.

When disregarding those who died and analyzing only surviving
patients at 3 months: there were 3 on HD of 19 of the PR-3 in the present
study and 23 on HD of 56 alive patients in the MEPEX study (RR 0.38, CI
0.13-1,14, Fisher’s test p = 0.08).

3.1.7. Pharmacological therapy

The induction therapy was mainly based on cyclophosphamide
(Cycl) and corticosteroids (CS) and less on rituximab and CS.

Maintenance therapy varied. Most patients were prescribed azathi-
oprine and CS but differences were present.

Death during 12 months follow up occurred in 21 % of GBM, 15 % of
MPO and 7% of PR3 (Table 3). Those who died were older (mean age 73
+ 14 vs 62 + 16, p = 0.002) while there was no difference in gender or
those who performed TA or not (CTRL). Neither was there a difference in
survival between those who belonged to the initial HD groups versus
those who did not. Comparing with the MEPEX trial, death within 3
months was lower in the PR3 group that received TA in the present study
using Mid-P exact test (two tail, p = 0.046) but not Fisher’s test (p =
0.092).

The proportion of patients that died with rituximab as induction
therapy was 33 % (5 of 15) versus 10 of 129 (8%) that received cyclo-
phosphamide (RR 4.4, CI 1.70-10.9). Multiple logistic regression with
death as dependent factor including variables age, gender and induction
therapy exhibited age as the only significant variable (p = 0.009).

4. Discussion
4.1. TA effect on HD recovery

Patients in the TA group had significantly worse renal function at
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Fig. 1. Mean change (+SEM) of eGFR for one patient with GBM-CTRL (hatched line) and patients with GBM-TA (full line). eGFR is given as mL/min/1.73 m2.
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Fig. 2. Mean change (+SEM) of eGFR for patients PR3-CTRL (hatched line) and PR3-TA (full line). eGFR is given as mL/min/1.73 m?.
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Fig. 3. Mean change (+SEM) of eGFR for patients MPO-CTRL (hatched line) and MPO-TA (full line). eGFR is given as mL/min/1.73 m?.

Table 4A

Outcome in estimated glomerular filtration rate (eGFR) change from baseline (0)
to 3, 6 and 12 months observation (Diff) of patients with therapeutic apheresis
(TA) or no apheresis (CTRL) with either MPO-ANCA (MPO) or PR3-ANCA (PR3)
vasculitis. Data is given as numbers (N), percentage (%), mean, standard devi-
ation (&), differences between baseline 0 and 3, 6 and 12 months, respectively
(for 3 months i.e. Diff eGFRy.3). The eGFR differences was also calculated in
percentage between baseline 0 and 3, 6 and 12 months, respectively (i.e. %diff 0-
30). Serum creatinine is given as pmol/L and eGFR is given as mL/min/1.73 m2.

MPO-TA MPO-CTRL PR3-TA PR3-CTRL

N=35 N=38 N =57 N=234
eGFRy 17.3 £ 21 36.3 + 24 26.1 +31 63.4 + 40
eGFR3 33.4 £ 25 47.9 £+ 24 44.5 + 29 71.4 + 33
eGFRg 37.5+25 50.5 & 25 46.0 + 30 67.7 + 31
eGFR» 36.8 + 26 52.6 + 24 48.2 + 31 70.0 + 30
eGFR
Diff eGFRg.3 148 £ 14 11.1 £ 14 18.0 £ 21 6.5+ 15
Diff eGFRo.¢ 17.8 £19 143 £18 20.0 + 24 29+18
Diff eGFRo.12 17.0 + 24 16.4 +£17 20.7 +£ 23 5.1+18
%Diff eGFRo.3 154 £ 155 53 £ 62 266 + 539 45 + 108
%Diff eGFRg.¢ 195 + 191 67 + 70 241 + 259 42 +113
%Diff-eGFRg.12 206 + 249 77 £76 260 + 320 53 +134

baseline compared to the control group. TA groups included more
dialysis patients and also patients with lower baseline levels of eGFR
versus the MPO-CTRL and PR3-CTRL groups.

This difference was found upon analysis of data despite ambitions to
collect similar control patients from centers treating patients solely with
immune suppressive drugs. The data indicated that numerous of the
most severely ill patients, even from ‘non-apheresis centers’, had been
admitted to apheresis centers for TA. This included patients with both
PR3 and MPO which is in line with previous ASFA guidelines for the

Table 4B

Patients on hemodialysis (HD) during baseline period and their follow-up either
remaining on HD or if recovered out off HD (i.e., for MPO-TA at 3 months: 19 at
baseline = 10 remaining in HD, 4 out off HD before 3 months, 2 loss to follow up
(Ltfu) and 3 dead).

MPO-TA MPO-CTRL PR3-TA PR3-CTRL
HD, 19 1 20 2
HD3/off HD3 10/-4 1/+0 3/-16 1
HDe/off HDg 7/-5 1/+0 3/-16 0/-1
HD;2/no HD;5 6/-6 0/-1 3/-12 0/-1
Ltfu o 0 0 0 0
Ltfu 3 2 0 1 0
Ltfu e 2 0 1 0
Ltfu 1 2 0 3 0
Dead at baseline 0 0 0 0
Dead at: 3m 3 0 0 1
Dead at 6m 5 0 0 1
Dead at 12m 5 0 2 1

period of inclusion [16]. In principle all anti-GBM patients were treated
with TA, which is in accordance with present ASFA guidelines [1].
Due to lack of comparative control patients in the present study data
were compared with the outcome of the MEPEX study [6]. When
comparing the MEPEX control group with the merged MPO-TA and PR3-
TA group there was no significant benefit of TA. However, when the
analysis was divided the PR3-TA but not MPO-TA group showed sig-
nificant improvements in comparison with the MEPEX-control group,
similarly to the MEPEX apheresis group. The PR3-TA group had superior
results than the MPO-TA group of the present study. These results
indicated that PR3 respond better to TA than MPO. Different ther-
apeutical effects have been described by others [17,18] reporting that
the renal prognosis was better in the PR3-ANCA group versus MPO even
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Table 5

Analysis of patients with ANCA vasculitis (mixed group MEPEX) differentiated
into MPO-ANCA (MPO) or PR3-ANCA (PR3) vasculitis. Included are the number
of patients that had a baseline serum creatinine >500 pmol/1 or were dialysis
dependent and followed up after 3 months either off HD or still on HD or dead
compared with the control group of the MEPEX study [6]. Given below is the
relative risk (RR) and confidence interval (CI) for comparison.

MEPEX MPO + PR3 MPO PR3
Recovered 33 (49 20 (56 %) 4 (24 %) 16 (84 %)
%)
Maintain HD or 34 16 10+ 3 340
dead
Total 67 36 17 19
RR, CI versus 0.88, 1.51, 0.31,
0.57-1.35 1.06-2.15 0.11-0.90

after adjustment for sex, age, and renal function at diagnosis [17]. Re-
sults from renal biopsies also show histological differences between the
diagnoses [19-21]. In addition the clinical picture varies to some extent
with increased involvement of upper airways and presence of granu-
lomas in GPA patients mainly associated with auto-antibodies against
PR3 [22,23]. Also environmental and genetic studies propose that GPA
and MPA are distinct diseases with different etiological mechanisms
[24-26].

This would motivate separate analyses of these groups in future
studies. An additional impact of environmental factors may be present.
In the present study there were more prevalent tobacco users in the more
severe AAV vasculitis. This is in line with a recent study [14].

4.2. TA effect on eGFR recovery

In general, a beneficial effect of TA was also seen when analyzing the
improvement of both eGFR and the percentage recovery in both the
MPO-TA and the PR3-TA groups versus their control groups.

In addition, data indicated that patients treated with an increased
number of TA had better improvement of eGFR, an effect that was also
described by others [18]. There was no apparent difference between
genders.

The present study and others [4,20,27] show that the main
improvement in renal function appears during the first 3 months and in
principle no further improvement in eGFR can be expected thereafter,
except eGFR for anti-GBM-TA that seems to improve until 6 months.
Overall the improvements in renal function indicate that time until need
of chronic HD may be avoided or prolonged, in this study at least one
year, while only one anti-GBM patient had to initiate dialysis after
discharge of the first admission period.

The present study does not rule out a benefit of TA on improvement
of eGFR even in patients not in HD at baseline, such as those with a
residual renal function. This would support the concept to treat patients
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with TA even before they enter the stage of dialysis, as shown by others
[7,8]. We agree with others that individual conditions have to be
considered (such as degree of fibrosis/sclerosis at histology) and that
there is still a space for TA [11,20]. We also want to emphasize that in
the MEPEX study [6], and also in the recent study by Walsh [9], a
considerable proportion of TA treated patients had a delay in progress
into end stage renal disease and dialysis (HD) beyond 3 months of TA.

Antibodies seemed to be reduced to a similar degree for TA patients
as for patients with combined therapy and those with immunosuppres-
sive therapy only. However, a reason in favor of TA, besides of more
rapid removal of antibodies, is a removal of various activators known to
be crucially involved in the complex pathogenesis of ANCA associated
vasculitis [11] such as C3a, C5a and sC5b-9.

In the present study induction pharmacological therapy was
congruent with the recommendation of the CYCLOPS-study [28] and
Cochran analysis [15]. The maintenance therapy was more in line with
azathioprine, mycophenolate, methotrexate than prolonged cyclophos-
phamide [6,29-31]. Most patients were on prolonged maintenance
therapy, as suggested by others [29,32]. When relapse develops acti-
vation of therapy may be necessary including TA [32]. In resistant cases
the use of more potent drugs and immunoadsorption may lower anti-
body levels faster, which eventually can help to keep more patients out
of the HD program [4].

The risk for severe side effects by apheresis is in the range of 5/
10,000 procedures [33] while patients with AAV may be more prone to
AEs [34]. In patients with an active disease, TA is recommended to
continue until resolution of evidence of ongoing glomerular or pulmo-
nary injury, which may be 10-20 days [1].

The present data showed a correlation of a better eGFR outcome with
more frequent apheresis procedures, such as suggested by ASFA guide-
lines [1]. The MEPEX and PEXIVAS trials [6,9] did not address the
question of repeated TA when relapse appeared.

Limitation- this was a retrospective, consecutive study including pa-
tients that in some cases could have a worse condition than patients
being included in a randomized trial. Therefore, the effect of TA may be
less pronounced than could have been expected otherwise.

Since antibody titer analyses differed between hospitals only paired
analyses were performed and no comparisons were made between pa-
tients. We were not able to collect individual dosage information of the
immunosuppression. However, most patients were treated in Sweden
where guidelines are adopted by most physician.

Since only few severely ill patients were present in the control
groups, although consecutive inclusion from specific hospitals, com-
parison on the effect on recovery from dialysis could not be done.

Recent interpretations of pro- versus con arguments for TA [35,36]
were based on the PEXIVAS study [9]. That study showed a lack in
survival and effect on end stage kidney disease between groups after a
median follow-up time of 2.9 years. It is reasonable to argue against TA

P=0.003
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Fig. 4. Comparison of distribution of patients who recovered out of hemodialysis and those who died within the frame of the MEPEX study (mixed ANCA group)
either as the control group (CTRL) or patients treated with therapeutic apheresis (TA) and the present study MPO ANCA (MPO) versus PR-3 ANCA (PR3).
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[36] if one expects TA as the sole reason to cause the long-term effect of
therapy.

However, to assess recovery of renal function, the group in favor for
TA recommended assessment already at 3 months or earlier [35]. Such
early response to TA was noted in the MEPEX trial [6], similar to the
present study. We support the concept that the effect of TA can’t be
expected to be maintained for long-term unless sufficient immunosup-
pression is used that keeps the disease inactive. The present study is also
in line with a recent Cochrane analysis by Walters et al. [15]. They
concluded that TA was effective in patients with severe acute kidney
injury secondary to vasculitis. Pulse cyclophosphamide may result in an
increased risk of relapse when compared to continuous oral use but a
reduced total dose. Whilst cyclophosphamide pulse is standard induc-
tion treatment, rituximab and mycophenolate mofetil were also effec-
tive. Azathioprine, methotrexate and leflunomide were effective as
maintenance therapy [15].

In conclusion the present study supports different pathophysiology
of PR-3 and MPO ANCA vasculitis that may explain superior response of
PR-3 ANCA to TA. Future studies will reveal the importance of renal
biopsy for prognosis and selection to TA based on renal damage such as
extensive sclerosis and fibrosis. Both PR3-TA and MPO-TA improved
residual renal function better than controls. We suggest to reconsider the
use of TA for AAV especially in regard to patients with PR3-vasculitis
with severe renal disease. We also recommend differentiation of AAV
when analyzing efficacy of TA.
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