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Abstract

Purpose of review This review summarises the evidence for the use of therapeutic plasma
exchange (TPE) in anti-neutrophil cytoplasm antibody (ANCA)–associated vasculitis. TPE
is an extra-corporeal treatment which efficiently removes IgG and other pathogenic small
molecules from the blood. There are several mechanistic reasons why this should be of
benefit in AAV including the well-described pathogenicity of ANCA.
Recent findings The recently published PEXIVAS trial is the largest study of TPE in AAV to
date. It did not show a benefit for adjunctive TPE on a primary end point of ESRD or death.
There was no difference in serious adverse events between those treated with TPE and
those treated with immunosuppressive drugs alone.
Conclusions Based on the results of PEXIVAS, most patients with AAV should not be treated
with adjunctive TPE. However, there are subgroups of patients with AAV for whom TPE may
still be of benefit, including those with double positivity for anti-GBM antibodies and ANCA.

Introduction

Therapeutic plasma exchange (TPE) is an extra-corporeal
treatment which removes plasma from whole blood
allowing it to be replaced with donor plasma or human
albumin solution (HAS). TPE is effective at removing

largemolecules such as immunoglobulins and as such is
an essential component of treating many antibody-
mediated conditions including neurological, haemato-
logical and renal diseases [1]. The use of TPE in patients
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with renal disease was first described in 1975 in a patient
with Goodpasture’s syndromewho recovered fromboth
renal failure and pulmonary haemorrhage [2]. Subse-
quently, a series of nine patients with crescentic glomer-
ulonephritis (GN) not due to anti-GBM disease was
described in 1977, five of whom rapidly recovered renal
function [3]. This led to the use of TPE in severe, rapidly
progressive glomerulonephritis (RPGN) in the absence
of anti-GBM antibodies, of whichmany cases were likely
due to ANCA-associated vasculitis (AAV).

There are two available techniques for separating
plasma from the cellular components of the blood,
centrifugal and membrane-based apheresis [4, 5]. In
centrifugal apheresis, cells are separated from plasma
based on density; the cells are then mixed with replace-
ment fluid and infused back to the patient. Membrane-
based apheresis uses filtration based on a molecular
weight cut off. The principle difference between these
techniques is that with centrifugal apheresis there is no
upper limit for the size of molecule removed from the
plasma whereas membrane-based apheresis has an up-
per limit of around 3million daltons. Thismeans that in
membrane-based apheresis, IgM is cleared less well than
IgG, and it also may not adequately remove large
cryoglobulins or immune complexes. Which method

of apheresis is used is largely down to the experience of
individual units. There are regional differences in choice
of TPEmethod with centrifugal apheresis the most com-
monly used technique in the USA and membrane aphe-
resis most commonly used in Japan and Korea [6].
Method of TPE is generally not specified in clinical trial
protocols.

Both centrifugal and membrane TPE require the re-
placement of the patient’s blood volume with colloid
solution to prevent circulatory collapse. This dilution of
the patient’s plasma leads to an exponential decrease in
the amount of immunoglobulin or other factors re-
moved with each plasma volume exchanged. Therefore,
the volume used for each session of TPE is usually
limited to one plasma volume as the benefit of remov-
ing additional small amounts of antibody with increas-
ing volumes is likely not outweighed by the risks to the
patient of a longer exchange [1, 7]. Another consider-
ation for the removal of IgG from the circulation is that
30–45% of total IgG is found in the extravascular space
meaning that following each exchange there will be
redistribution of IgG to the intravascular compartment.
As such, multiple sessions of TPE are required to suc-
cessfully clear IgG from the patient’s circulation even in
the absence of ongoing antibody production [7].

Plasma exchange as a therapeutic strategy in AAV

There are several mechanisms by which TPE may be an effective treatment for
AAV. ANCA have been shown in several clinical and pre-clinical studies to be
directly pathogenic and so removing the antibodies should be of benefit [8].
In vitro studies have shown the ability of ANCA to bind to and activate both
neutrophils andmonocytes, leading to cell degranulation and release of reactive
oxygen species and adhesion of cells to endothelial cells in culture [9–11]. There
is also much evidence from in vivo studies; passive transfer of anti-MPO
antibody has shown it to be pathogenic, causing glomerulonephritis, indepen-
dent of T cell responses [8, 12]. However, the relationship between ANCA and
active vasculitis in human disease is complex andmany studies have shown that
ANCA are not always pathogenic. ANCA can persist in remission and natural
antibodies have been identified in healthy individuals [13, 14]. A proportion of
patients have the clinical syndrome of AAV but without detectable ANCA,
particularly those with limited disease or without renal involvement [15, 16].
Titre of ANCA has been shown to correlate with disease severity and risk of
relapse, particularly in those with renal disease although this has not been
confirmed in all studies [17, 18].

In addition to removing potentially pathogenic antibodies, TPE may have
additional benefits by removing other pathogenic small molecules in the
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plasma such as adhesion molecules, cytokines, or complement components
[19]. One study, in patients with AAV undergoing TPE identified lower serum
levels of adhesion molecules post TPE but no effect on pro-inflammatory
cytokines despite their presence in the discarded plasma [20]. It is possible that
this is in part due to increased cytokine production due to contact of the cells
with the apheresis device. TPE is also thought to have an immunomodulatory
effect. No studies have been carried out in patients with AAV; however, studies
in lupus have theorised that TPE can lead to an increase in regulatory T cells and
a skew in T cell balance to a TH1 phenotype [21, 22].

Complications of plasma exchange

In addition to the removal of pathogenic antibodies and other soluble factors,
TPE will also remove normal plasma components such as clotting factors which
can result in adverse events. Coagulopathy and bleeding can result, particularly
if human albumin solution (HAS) is used as replacement fluid. In patients with
high bleeding risk or active bleeding such as lung haemorrhage, fresh frozen
plasma (FFP) should be used as the replacement solution to minimise this risk.
Despite the potential for coagulopathy, the incidence of bleeding complications
is low and death is extremely rare at 0.05% in one study [23, 24]. The most
frequent complications of TPE are symptomatic hypovolaemia, hypocalcaemia
and anaphylactoid reactions to FFP.

If testing for other autoantibodies or antibodies to infectious agents is to be
carried out, samples should be collected prior to TPE, as these antibodies will be
removed by TPE leading to false negative results. Drug dosing also needs to be
considered as some drugs, particularly those which are protein bound, will be
removed by TPE. Rituximab is one example of this with particular relevance in
AAV; it is an IgG antibody and so is efficiently removed by TPE. Studies have
shown that peak and trough rituximab levels are lower in patients receiving TPE
compared with those treated with rituximab alone [25, 26]. Despite this, one
study has shown peripheral B cell depletion to be equivalent between those
receiving TPE and those not, although tissue B cell depletion was not measured
[25].

Historical use of plasma exchange in AAV and the rationale for
PEXIVAS

Following the report by Lockwood et al. in 1977, there were several small case
series and non-randomised trials reporting of the use of TPE in RPGN without
evidence of anti-GBM antibodies, with varying results [3, 27, 28]. In 1991,
Pusey et al. reported a randomised controlled trial of 48 cases with renal
vasculitis treated with TPE in addition to cyclophosphamide and steroids, or
with drug treatment only [29]. There was no difference in outcome in patients
with non-dialysis requiring disease but those who were with dialysis requiring
at presentation were more likely to recover renal function if treated with TPE
[29] This trial began in 1978 and spanned the discovery of ANCA in 1982; the
majority of cases had clinical disease compatible with a diagnosis of AAV
despite the lack of ANCA testing [29, 30]. In a subgroup who were tested for
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ANCA, 13 of 16 patients with ANCA positivity and dialysis requiring disease,
treatment with TPE resulted in short-term improvement in renal function.

The methylprednisolone vs plasma exchange in vasculitis (MEPEX) trial
was published in 2007. It included 137 patients with severe renal disease
(creatinine 9 500 μmol/L or dialysis requiring at presentation) who were
randomised to receive either seven plasma exchanges or IV methylprednis-
olone in addition to oral cyclophosphamide and prednisolone. There was
improved renal survival in the TPE group at 3 months and decreased
requirement for dialysis at 12 months [31]. There was no impact on mor-
tality at 3 months or 1 year although overall mortality was high, 26% at
3 months, largely due to infectious complications. A retrospective analysis
of the 69 patients in the trial who were dialysis dependent at trial entry
found that adjunctive TPE was a predictor of dialysis independence at
12 months on multivariate analysis [32]. Long-term follow-up of the trial
(median follow-up of 3.95 years) showed no difference in a primary com-
posite endpoint of death or end-stage renal disease (ESRD). The benefit of
TPE on preventing ESRD seen at 12 months was preserved; however, there
was a non-significant increase in the risk of death, largely related to in-
creased infectious complications [33]. Again mortality was high, with only
50% of patients surviving beyond 5 years.

Many case series and trials of TPE in AAV have focussed on patients with
severe renal impairment (creatinine 9 500 μmol/L or dialysis requiring at pre-
sentation). However, there is one RCT of TPE in 32 patients with granuloma-
tosis with polyangiitis (GPA) with less severe renal impairment (median creat-
inine 240 μmol/L) showing improved renal survival at 1, 3 and 12 months and
5 years [34].Multivariate analysis of this study identified patients with a starting
creatinine 9 250 μmol/L were those most likely to benefit from the addition of
TPE.

Historically, there are limited numbers of studies which addressed the
benefit of TPE for those with AAV and lung haemorrhage. Several case series
have reported good outcomes in TPE in patients with pulmonary haemorrhage;
however, it is not clear from retrospective cohort studies that adjunctive TPE is
of benefit [35–37]. The MEPEX trial excluded patients with severe lung haem-
orrhage and long-term follow-up of the trial demonstrated low mortality from
pulmonary haemorrhage in both groups [31, 33].

A Cochrane review (December 2019) and a meta-analysis (April 2011)
have both reviewed the evidence for TPE in AAV (Table 1) [38, 39]. The
Cochrane review concluded that there may be evidence for TPE preventing
ESRD at 3 and 12 months but there was no effect on mortality, duration of
remission or total number of adverse events [39]. Similarly, the 2011 meta-
analysis by Walsh et al. found plasma exchange may reduce a composite
end point of ESRD or death at 1 year. This was due to decreased risk of
ESRD in the TPE group and no reduction in the risk of death [38]. This
disparity between the risk of ESRD and mortality is surprising given the
strong link between renal disease and death. Both analyses concluded that
the overall quality of the evidence was low and there was considerable
heterogeneity between the studies. Despite the variable quality of the
evidence, both the KDIGO and EULAR/ERA-EDTA guidelines recommend
the use of TPE in patients with severe renal disease or pulmonary haemor-
rhage [40, 41].
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PEXIVAS

The paucity of high-quality evidence for the benefit of TPE and the need for
studies in patients with moderate renal involvement or lung haemorrhage led
to the development of the trial of plasma exchange and glucocorticoid dosing in
the treatment of AAV (PEXIVAS). PEXIVAS used a 2 × 2 factorial design to assess
TPE vs no TPE in addition to standard treatment, and high- vs low-dose steroid
treatment. Inclusion criteria were positive ANCA testing with antibodies to
myeloperoxidase (MPO) or proteinase-3 (PR3), eGFR G 50 ml/min and either
haematuria and proteinuria or renal biopsy showing focal necrotising GN.
Patients with pulmonary haemorrhage were included if they had radiographic
evidence with no alternative diagnosis plus one of (i) broncho-alveolar lavage
confirming the diagnosis, (ii) frank hemoptysis, (iii) elevated diffusing capacity
of carbonmonoxide or (iv) drop in haemoglobin ≥ 2 g/dL without other cause
[42]. All patients were treated with IV methylprednisolone and either cyclo-
phosphamide (oral or IV) or rituximab (at the discretion of the local investiga-
tors). Patients treated with cyclophosphamide induction received azathioprine
as remission maintenance. Patients treated with TPE received 7 exchanges over
14 days and the two options for steroid taper are shown in Table 2. The trial
recruited 704 patients with a median follow-up of 2.9 years. The median
creatinine at enrolment was 330 μmol/L, 20% of patients required
haemodialysis, and 27% of patients had evidence of pulmonary haemorrhage
[43]. More patients received cyclophosphamide than rituximab as induction
therapy (85%).

Table 1. Summary of evidence for adjunctive TPE in AAV

Ref Number of
participants
(number of
studies)

Comparative risks Relative
effect

Quality of evidence
Control Plasma

exchange

Death at
1 year

39 267 (5) 189/1000 197/1000
(108–364)

RR 1.04
(0.57–1.92)

Low

Dialysis at
1 year

39 235 (6) 376/1000 169/1000
(109–271)

RR 0.45
(0.29–0.72)

Low

Serious
infections

39 956 (5) 253/1000 318/1000
(260–389)

RR 1.26
(1.03–1.54)

Low

Death or ESRD 38 387 (9) 527/1000 421/1000
(342–521)

RR 0.8
(0.65–0.99)

Low

Data drawn from Cochrane review of the evidence and the 2011 meta-analysis [38, 39]. The available studies are highly heterogeneous with
some being of high quality but others with significant problems and risk of bias
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There was no effect of plasma exchange on the composite primary outcome
of ESRD or death (HR 0.86; 95% CI 0.65–1.13, p = 0.27), and no differences in
secondary outcomes including serious adverse events. A reduced-dose steroid
regimen was shown to be non-inferior (ARR 2.3%; 95% CI − 4.5 to 9.1) with
significantly fewer serious infections in the first year in the reduced-dose group
(incidence rate ratio 0.69, 95%CI 0.52–0.93) [43]. There are several strengths to
PEXIVAS; it is a large trial and included patients from 95 centres in 16 countries.
Along with the broad enrolment criteria, this allows for generalizable results.
Numbers lost to follow-up were small and assigned treatment adherence was
good despite the open-label design.

PEXIVAS and steroids

The PEXIVAS findings regarding steroid dosing warrant consideration, as it is
been increasingly recognised that steroids are major contributors to drug toxic-
ity and adverse events in AAV [44]. In recent controlled trials, attempts to reduce
or eliminate exposure to cyclophosphamide with drugs such as rituximab and
MMF have not been associated with a reduction in adverse events [45, 46]. This
might indicate that glucocorticoids, used at high dose in most studies, are a
major contributor to drug toxicity and many current studies in AAV are inves-
tigating a low-dose steroid approach. Open-label cohort studies have shown
favourable rates of remission induction and relapse with a combination treat-
ment approach using low-dose intravenous cyclophosphamide and rituximab,
along with a rapid oral glucocorticoid taper similar to the low-dose arm of

Table 2. Standard and reduced-dose steroid dosing schedules used in PEXIVAS

Week Standard Reduced dose
IV pulsed methylprednisolone
G 50 kg 50–75 kg 9 75 kg G 50 kg 50–75 kg 9 75 kg

1 50 60 75 50 60 75

2 50 60 75 25 30 40

3–4 40 50 60 20 25 30

5–6 30 40 50 15 20 25

7–8 25 30 40 12.5 15 20

9–10 20 25 30 10 12.5 15

11–12 15 20 25 7.5 10 12.5

13–14 12.5 15 20 6 7.5 10

15–16 10 10 15 5 5 7.5

17–18 10 10 15 5 5 7.5

19–20 7.5 7.5 10 5 5 5

21–22 7.5 7.5 7.5 5 5 5

23–52 5 5 5 5 5 5

9 52 Investigators local practice
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PEXIVAS [47, 48]. An RCT in patients over the age of 65 has shown a remission
induction regimen combining low-dose cyclophosphamide and low-dose ste-
roids to be effective in comparison with conventional treatment [49]. However,
relapses were common both in patients treated with the low-dose and standard
regimens. In some patients, an even more rapid glucocorticoid taper may be
possible. A two centre cohort study has reported 49 patients who received
combination treatment with rituximab and low-dose IV cyclophosphamide
and a rapid glucocorticoid taper, approximating a total steroid dose of 1 g
administered over 2 weeks. Ninety percent of patients were in sustained remis-
sion at 12 months without requiring additional glucocorticoids, and there were
reduced rates of serious infections and new onset diabetes compared with
historical EUVAS controls [50].

There is also potential for novel therapeutics to replace steroids entirely. For
example, an early-phase clinical study showed blocking C5aR with avacopan
was non-inferior to prednisolone for remission induction [51]. A subsequent
phase 3 study (ADVOCATE; NCT02994927) has randomised patients to receive
either avacopan or glucocorticoids during remission induction with either
cyclophosphamide or rituximab. Top-line data from late 2019 suggests non-
inferiority of avacopan at 26 weeks and superiority over glucocorticoids at
52 weeks, with a similar safety profile at this time point.

Reducing steroid exposure is a central goal of many ongoing studies in AAV
and patients treated with low or no steroids require careful monitoring. In
particular, caution may be required if a low-dose steroid approach is used in
patients treated with rituximab as induction therapy; in this subgroup of
patients in PEXIVAS, there was a trend towards benefit of the higher dose
regimen, although this did not reach statistical significance.

PEXIVAS and TPE

That reduced-dose steroids were non-inferior to higher doses has been accepted
without the controversy that the lack of benefit for TPE has generated. This
possibly reflects how committedmany physicians are to the belief that TPE is of
benefit in those with severe disease, and potentially different findings compared
with MEPEX, the largest study to evaluate adjunctive therapy with TPE in
patients with AAV prior to PEXIVAS. There are several differences between the
two trials whichmay underlie this. Firstly, there are differences in the severity of
renal disease; in patients enrolled in MEPEX, the average creatinine was
735 μmol/L, BVAS 21 and CRP 93 mg/dL compared with 330 μmol/L, 9 and
45 mg/dL respectively in PEXIVAS. The numbers requiring dialysis were also
significantly different; 70% ofMEPEX patients compared with 20% in PEXIVAS
[31, 43]. However, despite these differences in the overall cohort of patients,
when the subgroup of patients with creatinine 9 500 μmol/L or requiring
dialysis in PEXIVAS was analysed, there was a trend to benefit for TPE on the
primary outcome but this was non-significant with a confidence interval span-
ning 1 (HR 0.77, 95% CI 0.53–1.11). Due to the large number of patients
enrolled in PEXIVAS, this subgroup analysis is of similar size (n = 205) to the
patient numbers enrolled in MEPEX (n = 173).

A further difference in enrolment criteria is that renal biopsy was not a
requirement for entry into PEXIVAS. Patients enrolled in MEPEX had a mean
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of 56% crescents on biopsy representing significant disease activity. It is well
described that some patients may present late with renal limited disease which
has been progressing for some time leading to significant renal fibrosis which
may not respond to treatment [52]. It is not known what proportion of patients
in PEXIVAS had fibrotic disease and it would be useful to identify if the
subgroup of patients with active crescents and minimal scarring on biopsy
derived benefit from TPE.

There were also differences in immunosuppressive drug treatment between the
two studies. In MEPEX, all patients were treated with oral cyclophosphamide
compared with only a third of patients in PEXIVAS. Additionally, all patients in
PEXIVAS were treated with IV methylprednisolone, whereas in MEPEX, TPE was
compared with IVmethylprednisolone. These differences could account in part for
the differing trial results, perhaps implying there is only a benefit for TPE when it is
used as a replacement for IV steroids; a potential for benefit from TPE should be
kept inmind as more radical steroid-minimising protocols are developed. The two
trials were also carried out in different eras; there is a 15-year interval between the
two recruitment windows. It is well described that there have been decade on
decade improvements in outcomes in AAV and so it is plausible that in the current
era, with improved immunosuppression and general medical care, a benefit for
TPE has been lost. In keeping with this, the event rate in PEXIVAS was lower than
expected and recruitment needed to be increased from 500 to 700 patients tomeet
the pre-specified event rate.

The duration of follow-up was also different between the two studies.
MEPEX reported its primary outcome at 1 year whereas median follow-up in
PEXIVAS was 2.9 years. It may be that the heterogeneity of how patients were
treated over a long-term follow-up period reduces the capacity of the trial to
detect a benefit for TPE. At 1 year in PEXIVAS, there was a numerical but not
statistically significant trend to benefit for TPE on the primary outcome (HR
0.77; 95% CI 0.53–1.11). However, 1-year data are not reported for the sub-
group of patients with severe renal impairment or requiring dialysis.

The future of TPE in AAV

Despite PEXIVAS showing no benefit for routine use of TPE in patients with
AAV, there are some groups of patients we feel should still be treated with TPE.
Firstly, and the clearest indication, are those who are ‘double positive’ for ANCA
and anti-GBM antibodies. Patients with double positivity present initially with
aggressive pulmonary and renal disease similar to those with single anti-GBM
positivity. As such, they should be treated in the same way as patients with anti-
GBM disease, with immunosuppression and adjunctive TPE [53, 54]. These
patients may show greater improvement with treatment than those single
positive for anti-GBM. In one large case series, double positive patients were
more likely to recover independent renal function; 35% of patients with double
positivity who presented dialysis dependent had renal recovery at 1 year com-
pared with only 10% of patients with anti-GBM disease [53].

Patients who are critically unwell may also warrant consideration of adjunctive
TPE. There were low numbers of patients with severe pulmonary haemorrhage
included in PEXIVAS; this is possibly due to a selection bias as some investigators
may not have enrolled these patients due to concerns theywould be randomised to
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the no TPE plus low-dose steroids group. There was a trend towards benefit from
TPE in patients with both non-severe pulmonary haemorrhage (HR 0.64; 95% CI,
0.33 to 1.24) and severe pulmonary haemorrhage (hazard ratio, 0.67; 95%CI, 0.28
to 1.64); due to the small numbers of patients included in these subgroups,
confidence intervals are wide. Given there was no increased risk of serious adverse
events reported in the TPE group, the addition of TPE could be considered in these
patients. Likewise, patients with severe RPGN and little chronic damage on renal
biopsy are a group who may derive maximum benefit from adjunctive TPE. Patients
who have a very short period of dialysis dependence or are approaching the need for
renal replacement therapy may also have much to gain from TPE, particularly if they
have a high percentage of glomeruli with cellular crescents on renal biopsy.

There could also be a role for TPE in patients with refractory disease which
has not responded to initial treatment with immunosuppression or in patients
where there is diagnostic uncertainty such as concerns of infection. In thosewith
potential infection, TPE will not result in significant enduring immunosuppres-
sion in the same manner as cyclophosphamide, and initial treatment with TPE
pending further investigations may be a useful strategy in this group. PEXIVAS
did not report any difference in the number of serious infections at 1 year
between the group treated with and without TPE.

Conclusions

PEXIVAS is by far the largest trial of TPE in AAV to date. It did not show benefit
for adjunctive TPE on its primary endpoint of a composite of death and ESRD,
and based on this evidence, most patients with AAV should not be treated with
adjunctive TPE. However, there are subgroups of patients with AAV for whom
TPE may still be of benefit and we would still consider using TPE in these cases.
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