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Abstract

Purpose of Review Plasma exchange (PLEX) is often recommended as an adjunctive therapy for patients with ANCA-
associated vasculitis (AAV) in the setting of rapidly progressive glomerulonephritis or diffuse alveolar haemorrhage. Since
ANCA s are pathogenic, it seems a reasonable and justified approach to remove them through therapeutic PLEX, as despite
advances in immunosuppressive therapy regimens, AAV is associated with significant morbidity and death. However, the
association between ANCA levels and mortality or disease activity is uncertain. In addition, any treatment must be judged
on the potential risks and benefits of its use. Here, we summarise the current data on PLEX usage in patients with AAV.
Recent Findings The largest randomised trial to date the Plasma Exchange and Glucocorticoids in Severe ANCA-Associated
Vasculitis (PEXIVAS) study failed to show added benefit for PLEX on the prevention of death or end-stage renal failure
(ESRF) for the management of patients with severe AAV. However, there is a possibility that PLEX delays dialysis depend-
ence and ESRF in the early stages of the disease. Regardless of whether this is only for 3 to 12 months, this could be of
clinical significance and a substantial improvement in patient’s quality of life.

Summary Cost utility analysis and trials including patient-centred outcomes are required to evaluate the use of PLEX.
Furthermore, ascertaining those at high risk of developing ESRF could help identify those who may benefit from PLEX the
most, and further insights are required in setting of diffuse alveolar haemorrhage.

Keywords Plasma exchange - ANCA-associated vasculitis - End-stage renal failure - Diffuse alveolar haemorrhage

Introduction ANCA directed against proteinase 3 (PR3) and/or myelop-
eroxidase (MPO) in the cytoplasm of neutrophils [3].

Antineutrophil cytoplasmic antibody (ANCA)-associated The current standard of care for induction of remission

vasculitis (AAV) encompasses a group of rare systemic
inflammatory disorders which affect the small arterial ves-
sels, commonly of the renal and respiratory tract. These
include granulomatosis with polyangiitis (GPA), micro-
scopic polyangiitis (MPA) and eosinophilic granulomatosis
with polyangiitis (EGPA) and have a combined incidence of
around 20 per million per year [1]. The Chapel Hill Consen-
sus nomenclature incorporates clinical and immunological
features [2]. They are often associated with high levels of
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is a combination therapy comprising high-dose glucocorti-
coids with either cyclophosphamide or rituximab [4]. This
can induce remission in up to 90% of patients, yet the mor-
tality of AAV remains disproportionately high reported at
19.5% at 1 year [5, 6ee, 7]. The significant mortality burden
on AAV patients is multifactorial and is mostly attributable
to active vasculitis, renal impairment and treatment-related
adverse events, particularly infection secondary to immuno-
suppression [5]. In severe cases of AAV, usually presenting
with rapidly progressive glomerulonephritis and/or severe
diffuse alveolar haemorrhage (DAH), plasma exchange
(PLEX) is often recommended as an adjunctive therapy [8].

PLEX is a therapeutic treatment involving the removal
of serum plasma through centrifugation, or filtration, to
remove pathogenic substances such as immunoglobulins
[9]. As large volumes are apheresed, patients are often
replenished with either fresh frozen plasma or human
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albumin preparation. PLEX is indicated in a spectrum of
diseases such as autoimmune, neurological, haematological
and renal disorders [10]. Complications of PLEX include
adverse reactions to human albumin solution or fresh frozen
plasma (1.4-20%), hypocalcaemia (1.7-9.1%), hypotension/
hypovolaemia (8.4%), death (0.05%), anaphylaxis (0.25%),
haemorrhage (0.02%) and infection (0.02%) [11]. Very lit-
tle on the cost-benefit of PLEX in AAV has been studied.
However, a few papers have outlined the cost of PLEX in
neurological disease. Depending on the country, it is esti-
mated that the total cost of PLEX is around GBP 2000 or up
to USD 4500 and USD 50,000 for the PLEX machine [12,
13]. Nevertheless, it is agreed that PLEX is an expensive
therapeutic medium and, therefore, its invasive, time and
cost-intensive nature must be balanced with the benefit.

It is widely accepted that ANCAs may play a pathogenic
role in AAV pathophysiology [14]. The aetiology of AAV
with a production of pathogenic ANCA is unclear and
thought to be multifactorial with genetic, immunological and
environmental triggers [15]. The ANCA cytokine-sequence
theory demonstrated in vitro models has shown activation of
neutrophils, monocytes and endothelial cells via IgG MPO-
and PR3-ANCA. Priming and apoptosis of neutrophils cause
intracellular PR3 and MPO translocation, endovascular
adherence, inflammation and eventually necrotising vascu-
litis [16, 17]. There are several properties of ANCA such as
their high molecular weight and long half-life which makes
them a suitable target for apheresis [18].

The rapid removal of ANCAs by means of PLEX may
reduce organ damage from AAV [19-23]. We know that
PLEX is extremely effective in reducing ANCA titres [24ee].
However, the association between ANCA levels and mortal-
ity or disease activity is uncertain [22, 25]. The use of PLEX
for the rapid reduction of antibodies resulting in marked
reduction disease burden or faster remission is, to an extent,
theoretical [26].

The typical PLEX regimen in AAV is 1-1.5 1 of total
plasma volume exchanged over 7 sessions over a median
period of 14 days [10]. It is debated whether there is a dose-
dependent effect of the number of sessions on mortality.
Whilst some authors suggest possible improvements in renal
function beyond 7 exchanges, other more robust study meth-
ods have shown no effect on mortality or end-stage renal
failure (ESRF) [23, 27].

Plasma Exchange in ANCA-Associated
Vasculitis

PLEX has been used to treat AAV for several decades
[28-30]. The first large scale randomised controlled trial to
investigate the role of PLEX in the treatment of AAV was
the MEPEX study which enrolled 137 patients with severe
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renal AAV [31ee]. Participants were randomly assigned to
receive PLEX or intravenous (IV) methylprednisolone in
addition to standard remission therapy. At 3 months, 69%
of the PLEX group versus 49% of the IV methylpredni-
solone group were dialysis-independent (95% confidence
interval (CI) 18-35% difference, p=0.02). Furthermore,
at 12 months, PLEX was found to have a protective effect
on ESRF with a risk reduction of 24% (95% CI 6.1-41.0).
However, the median follow-up period of 3.95 years failed to
maintain the long-term benefit of renal recovery or mortality
(hazard ratio (HR) 0.81, 95% CI 0.53—1.23) [32ee]. A meta-
analysis of nine studies including 387 patients found a sig-
nificant effect of PLEX in the pooled reduction of ESRF or
death (relative risk (RR) 0.80, 95% CI 0.65-0.99, p=0.04)
and ESRF alone (RR 0.64, 95% CI 0.47-0.88, p=0.007) but
not death alone (RR 1.00, 95% CI 0.71-1.42) [23]. Consid-
ering the strong association between ESRF and mortality,
these results could be due to a type 1 error from the com-
bination of smaller trials. The authors also admit that the
results were inconclusive due to insufficiently robust sensi-
tivity analyses and lack of randomisation within the cohorts
leading to the introduction of bias.

This study formed the basis for the use of PLEX during
2000s to 2010s. The limitation of the study resulted in the
development of the Plasma Exchange and Glucocorticoids
in Severe ANCA-Associated Vasculitis (PEXIVAS) trial
[33]. PEXIVAS is now the largest randomised trial to be
conducted in AAV patients. Walsh et al. [33] recruited 704
patients with severe AAV from 95 centres in 16 countries.
Patients were randomised to a 2-by-2 factorial design to
either PLEX or no PLEX plus standard-dose or reduced-
dose glucocorticoids. The primary outcome was a compos-
ite endpoint of death or ESRF, and the trial had a median
follow-up duration of 2.9 years. Severe AAV was defined
as the presence of renal involvement with evidence of glo-
merulonephritis, an estimated glomerular filtration rate
(eGFR) < 50 ml/min/1.73m? or pulmonary haemorrhage.
The primary outcome was reached in 100 patients (28.4%)
in the PLEX group versus 109 (31.0%) in the control group
(HR 0.86,95% CI 0.65-1.13). Secondary outcomes included
all-cause mortality, ESRF, sustained remission, serious
adverse events and serious infections at 12 months, none of
which showed significant differences.

PEXIVAS showed PLEX had no added benefit on the
prevention of death or ESRF in the management of patients
with severe AAV. To fully comprehend these findings, it
is important to consider the differences with the MEPEX
trial [31ee]. The PEXIVAS cohort was different; firstly, it
encompassed AAV patients with pulmonary haemorrhage,
a complication of AAV which carries significant mortal-
ity and a subgroup likely to benefit from PLEX. Secondly,
the differences in renal characteristics are important to
note. The PEXIVAS trial had broader inclusion parameters.
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Patients were eligible for the trial with an eGFR of <50 ml/
min/1.732, in contrast to MEPEX which included serum cre-
atinine > 500 umol/I or dialysis dependence. Only 29% of
patients in the PEXIVAS cohort would have met the renal
threshold to be included in the MEPEX trial. The inclu-
sion of patients with less severe renal morbidity may dimin-
ish the detection of benefits. However, subgroup analysis
of patients with serum creatinine > 500 umol/l or requiring
dialysis showed no difference (HR 0.77,95% CI 0.53-1.11),
but the broad confidence intervals suggest that this study was
not powered to detect a benefit in this group. Additionally,
PEXIVAS did not mandate baseline biopsy data. We know
AAV has a relapsing and remitting course which can lead
to irreversible scarring of the kidneys. PR3-ANCA has a
predominance towards more active lesions in the kidney,
therefore a quicker rate of deterioration of renal function
compared with the advanced fibrotic histology that can be
observed in some subsets of MPO-ANCA [34]. The degree
of fibrosis is also a predictor of poor renal outcome [35]. It
is unknown to what proportion of the PEXIVAS cohort were
unlikely to respond to PLEX due to chronic tubulointersti-
tial or glomerular damage. On the other hand, patients with
an eGFR < 50 ml/min/1.73? for longer than 3 months were
excluded, which reduced the possibility of patients with
chronic kidney damage being recruited.

From a pulmonary perspective, subgroup analysis of
patients did not show any difference in effect. A small retro-
spective study demonstrated the benefit of PLEX in reduc-
ing mortality in DAH patients [36]. The French Vasculi-
tis Study Group also showed that 96.7% of their 30 DAH
patients in intensive care treated with PLEX recovered [27].
The PEXIVAS trial recruited 191 patients with pulmonary
haemorrhage; of these, 61 were classified as severe (defined
as oxygen saturation of <85% or requiring mechanical
ventilation). The hazard ratio of ESRF or death in those
without haemorrhage was 0.95 (95% CI 0.69-1.31), non-
severe haemorrhage was 0.64 (95% CI 0.33-1.24) and severe
haemorrhage was 0.67 (95% CI 0.28-1.64). These findings
could be interpreted as favourable towards DAH but are
not conclusive. In reference to previous studies, important
baseline characteristics and outcomes such as pulmonary
function and its improvement, bronchoscopy findings and
time to resolution of haemorrhage are not reported [36,
37]. As the composite outcomes were accounted for over
the entire period of follow-up, this trial fails to capture any
potential short-term benefit either. With only 9% of the
entire cohort representing severe DAH and lack of relevant
outcomes, PEXIVAS was likely not powered to detect the
benefit of PLEX in this group. The findings of a retrospec-
tive cohort analysis at Mayo Clinic were congruent with
PEXIVAS [37]. There were 73 AAV patients with DAH, of
which 32 received PLEX and showed no significant differ-
ences in hospital mortality, length of hospital stay, duration

of mechanical ventilation and remission at 6 months com-
pared with those who did not receive PLEX. However, the
intrinsic biases of open-label trials must be considered and
PLEX was administered to sicker patients in this cohort. A
further meta-analysis of mortality of DAH patients in AAV
was unsuccessful in demonstrating a benefit of PLEX (odds
ratio (OR) 0.41, 95% CI 0.0-4.50), although the wide confi-
dence intervals and the substantial heterogeneity (> =69%)
bring the interpretation of the findings into question [24ee].
Finally, there is a question of selection bias and ethical
consideration to be raised. PEXIVAS aimed to recruit the
critically ill amongst those with AAV. Physicians may feel
reluctant to enrol their patients with an already high mortal-
ity risk to have the possibility of being randomised into not
receiving PLEX or a lower glucocorticoid regimen.
Nevertheless, the findings of these studies have shaped
the cornerstone of PLEX guidelines in treating severe AAV.

Meta-analyses

In addition to the trials described above, three meta-analyses
surrounding the efficacy of PLEX in AAV have been pub-
lished since the conclusion of the PEXIVAS trial.

Yamada et al. [38e¢] reviewed four randomised con-
trolled trials (RCT) (n=2827) to investigate the efficacy of
PLEX in AAV but failed to find improvement in primary
outcomes. There was no difference in overall mortality (RR
0.93,95% CI 0.70-1.24) or mortality at 6 months (RR 0.54,
95% CI 0.21-1.38), 1 year (RR 0.71, 95% CI 0.27-1.86),
5 years (RR 1.00, 95% CI 0.60-1.68) and 10 years (RR 0.86,
95% CI 0.13-5.48). Clinical remission was significant at
1 month (RR 1.57, 95% CI 1.07-2.30) and 3 months (1.67,
95% CI 1.06-2.61). Although clinical remission was only
reported in two studies and defined differently, the authors
used 12 months as the representative value and found the
effect was lost (RR 1.02, 95% CI 0.91-1.15). The compos-
ite of ESRF and death was non-significant (RR 0.97, 95%
CI 0.80-1.18). However, a difference was detected when
looking at the early post-treatment period in the develop-
ment of ESRF. The PLEX group at 1 month and 3 months
had a RR of 0.14 (95% CI 0.03-0.77), but for the overall
follow-up period, the RR was 0.85 (95% CI 0.57-1.28).
This must be interpreted in the context of PEXIVAS missing
from the early follow-up analysis as no data was available at
3 months, as the Kaplan—Meier curve published by Walsh
et al. [33] indicates early benefit is lost over time.

A meta-analysis including observational studies and
RCTs (n=1235) struggled to conclusively find a strong
benefit of PLEX in AAV [6ee]. The rates of mortality at
3 months (RR 0.79, 95% CI 0.19-3.25) and 12 months
(RR 0.73, 95% CI 0.40-1.34) and ESRF at 3 months (RR
0.30, 95% CI 0.30-2.42) or 12 months (RR 1.32, 95% CI
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0.53 3.25) were insignificant. This trend remained in dis-
ease relapse, incidence of infection and serious adverse
events. Interestingly, time-to-event analyses revealed the
overall incidence of ESRF was significantly lower in the
PLEX group (HR 0.71, 95% CI 0.55-0.92) but not mortality
(HR 0.96, 95% CI 0.72—1.29). This effect was lost once the
MEPEX trial was excluded from the analysis.

Finally, Zhu and colleagues [24e¢] included 19 articles
(5 RCTs and 14 cohort studies), totalling 1999 patients
(PLEX =886). There was no reduction in all-cause mortality
at 3 months (OR 0.64, 95% CI 0.32-1.30), 1 year (OR 0.83,
95% CI 0.60-1.14), 5 years (OR 0.84, 95% CI 0.59-1.19)
or end of follow-up (OR 1.18, 95% CI 0.78-1.79). The sig-
nificant benefit of PLEX in reduction of ESRF at 3 months
appears consistent with an OR of 0.32 (95% CI 0.16-0.66).
No difference in adverse events, serious infections or ESRF
rates were detected at 1 month, 6 months, 12 months,
5 years, or the end of follow-up.

In conclusion, the results of the meta-analyses are unani-
mous. When receiving PLEX, there is an apparent reduction
in ESRF at 3 months without change in all-cause mortality.
Despite the association between ESRF and mortality, the
discrepancy could be partly accounted for by the introduc-
tion of rituximab and improvements in the quality of inten-
sive care units. Previously, PLEX may have played a bigger
role in salvaging renal function and therefore survival than
it does now.

Serious adverse events, most importantly serious infec-
tions are another factor to consider. Previous hypotheses
have speculated that the risk of increased infections with
PLEX is due to attenuation of the immune system via the
removal of immunoglobulins and complement proteins.
Whilst some smaller studies have observed an increased
incidence of serious infections, the above meta-analyses
failed to detect an effect [39]. There is strong evidence that

Table 1 Summary of studies

PLEX has similar rates of infection to standard induction
treatment, but the nature and aetiology of these infections
could be of great value [6ee, 2400 38ee] Most studies do
not publish this data but if there is a possibility that the risk
could be ameliorated then this could be a potential avenue in
reducing mortality. For example, if the infections are related
to the procedure of PLEX such as central venous access or
bacterial pneumonia secondary to DAH then this could be
somewhat anticipated and prevented.

In clinical practice, it is still reasonable to consider PLEX
in those with either rapidly decreasing renal function or in
the setting of DAH (Table 1).

Current Guidelines on PLEX

Despite the long-anticipated results from the PEXIVAS trial
[33], the updated guidelines on the use of PLEX are equivo-
cal. In 2020, the American Society of Apheresis (ASFA)
downgraded the recommendation of the use of PLEX in
rapidly progressive glomerulonephritis (RPGN) in the con-
text of AAV from first-line to second-line therapy [40e].
The American College of Rheumatology (ACR) 2021 guid-
ance for the management of AAV is conditionally opposed
to the addition of PLEX in both active glomerulonephritis
and alveolar haemorrhage [41e]. The European Alliance
of Associations for Rheumatology formerly the European
League Against Rheumatism (EULAR) and European Renal
Association — European Dialysis and Transplant Association
(ERA-EDTA) 2016 guidelines, published before results of
PEXIVAS were known was based on findings of the MEPEX
trial [31ee] and a meta-analysis of PLEX for renal vasculitis
and idiopathic rapidly progressive glomerulonephritis [23],
recommended the consideration of PLEX in new or relaps-
ing AAV if the patient’s serum creatinine is > 500 umol/l due

Author (publication year) Summary of findings

Jayne et al. (2007)

PLEX was found to have a beneficial effect on renal recovery at 3 and 12 months but this effect was lost at follow-up

(median 3.95 years). No difference in patient survival

Walsh et al. (2020)

PLEX did not reduce the incidence of death or ESRF. However, this study had broader inclusion criteria than Jayne

et al. and was likely not powered to detect a difference in the sickest patients (severe DAH and serum creati-

nine > 500 umol/l)
Bellos et al. (2021)
Yamada et al. (2021)

Zhu et al. (2021)
3 months was found

4 RCTs and 5 retrospective studies (n=1235) showed no benefit of PLEX in mortality or ESRF
4 RCTs (n=827) showed no improvement in mortality. Early benefit of PLEX at 1 and 3 months detected
5 RCTs and 14 cohort studies (n=1999) showed no reduction in mortality. Benefit of PLEX in reducing ESRF at

Research Agenda
o Cost—benefit and utility analysis of PLEX in the treatmentof AAV

o Risk stratification models for ESRF in patients with AAVwho might benefit the most from PLEX

o Clinical trials of PLEX in the setting of DAH

e Use of PLEX as rescue therapy in patients with AAVwho have not responded to standard remission inductiontreatment
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to RPGN (level of evidence 1B, grade of recommendation
B) and to also consider PLEX in the context of severe DAH
(level of evidence 3, grade of recommendation C) [42].

Conclusion

The current evidence base shows no added long-term benefit
of PLEX in addition to standard care in preventing ESRF or
death. However, there is a possibility that PLEX delays dialy-
sis dependence and ESRF in the early stages of the disease.
Regardless of whether this is only for 3 to 12 months, this
could be of clinical significance and a substantial improvement
in the patient’s quality of life. Cost utility analysis and trials
including patient-centred outcomes are required. Furthermore,
ascertaining those at high risk of developing ESRF could help
identify those who may benefit from PLEX the most.

The efficacy of PLEX in DAH still remains unanswered.
Whilst some single-centre studies have demonstrated clinical
improvement of DAH in AAV, other observational studies
and subgroup analyses from randomised trials have failed
to detect a benefit [27, 36, 37]. There remain fundamental
limitations in current trials such as inadequacy of power and/
or important primary outcome measures when considering
the utility of PLEX in DAH. We know that the degree of
hypoxaemia correlates to respiratory failure in these patients
[37]. Objectively categorising the severity of DAH and their
response to PLEX in a well-designed randomised trial would
clarify this issue.

Patients with treatment-resistant AAV could be another
cohort who might benefit from PLEX. De Joode et al. [8]
demonstrated the potential use of PLEX as rescue therapy
in those who had progressive renal failure despite standard
induction, showing comparable rates of renal recovery at
6 months. Whilst we have no definitive answers for patients
who remain critically ill despite glucocorticoids and immu-
nosuppression, we cannot exclude PLEX from our arma-
mentarium whilst we have no better alternatives in managing
acutely life-threatening patients.

Despite the historical favouring of PLEX, the current evi-
dence suggests that the role of PLEX in AAV may be lim-
ited. PEXIVAS may be a critical stepping stone in accepting
that PLEX is not as efficacious as initially believed. How-
ever, certain subgroups may benefit and, for example, a well-
designed trial with a larger sample of severe DAH patients
is needed. This review confirms that PLEX should not be
used in all patients with AAV. However, there may still be
a benefit in certain subgroups and identification of these
patients remains paramount.
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