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ABSTRACT

OBJECTIVE

To assess the effects of plasma exchange on important
outcomes in anti-neutrophil cytoplasm antibody
(ANCA)-associated vasculitis (AAV).

DESIGN
Systematic review and meta-analysis of randomised
controlled trials.

ELIGIBILITY CRITERIA

Randomised controlled trials investigating effects

of plasma exchange in patients with AAV or pauci-
immune rapidly progressive glomerulonephritis and at
least 12 months’ follow-up.

INFORMATION SOURCES
Prior systematic reviews, updated by searching
Medline, Embase, and CENTRAL to July 2020.

RISK OF BIAS

Reviewers independently identified studies, extracted
data, and assessed the risk of bias using the Cochrane
Risk of Bias tool.

SYNTHESIS OF RESULTS

Meta-analyses were conducted using random effects
models to calculate risk ratios and 95% confidence
intervals. Quality of evidence was summarised in
accordance with GRADE methods. Outcomes were
assessed after at least12 months of follow-up and
included all-cause mortality, end stage kidney disease
(ESKD), serious infections, disease relapse, serious
adverse events, and quality of life.

RESULTS

Nine trials including 1060 participants met eligibility
criteria. There were no important effects of plasma
exchange on all-cause mortality (relative risk 0.90
(95% Cl1 0.64 to 1.27), moderate certainty). Data from

WHAT IS ALREADY KNOWN ON THIS TOPIC

Plasma exchange has been used to treat some patients with anti-neutrophil
cytoplasm antibody (ANCA)-associated vasculitis (AAV) since the 1980s on the
basis of biological rationale and small clinical trials

WHAT THIS STUDY ADDS

This meta-analysis compiles the most recent and detailed data available from
randomised controlled trials examining the effects of plasma exchange on
important outcomes in patients with AAV

It found plasma exchange, when added to standard therapies, reduced the risk
of end stage kidney disease at one year, regardless of baseline kidney function,
and increased the risk of serious infections, a previously unrecognised effect
Plasma exchange did not change the risk of death
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seven trials including 999 participants that reported
ESKD demonstrated that plasma exchange reduced
the risk of ESKD at 12 months (relative risk 0.62 (0.39
to 0.98), moderate certainty) with no evidence of
subgroup effects. Data from four trials including 908
participants showed that plasma exchange increased
the risk of serious infections at 12 months (relative
risk 1.27 (1.08 to 1.49), moderate certainty). The
effects of plasma exchange on other outcomes were
uncertain or considered unimportant to patients.

LIMITATIONS OF EVIDENCE

There is a relative sparsity of events, and treatment
effect estimates are therefore imprecise. Subgroup
effects at the participant level could not be evaluated.

INTERPRETATION

For the treatment of AAV, plasma exchange has

no important effect on mortality, reduces the 12
month risk of ESKD, but increases the risk of serious
infections.

FUNDING
No funding was received.

REGISTRATION

This is an update of a previously unregistered
systematic review and meta-analysis published in
2014.

Introduction
Granulomatosis with polyangiitis and microscopic
polyangiitis are commonly grouped together as anti-
neutrophil cytoplasm antibody (ANCA)-associated
vasculitis (AAV). Due to the varied symptoms and
organs involved when patients with AAV present,
they are often cared for in hospital by several
different specialties. Although treatment with
immunosuppression and glucocorticoids improve the
outcomes of patients with AAV, they remain at high risk
of death, end stage kidney disease (ESKD), and serious
infections, particularly in the first year of treatment." >

Plasma exchange (PLEX) mechanically removes
circulating plasma constituents, including
immunoglobulins such as ANCA. The rapid removal
of autoantibodies may reduce damage incurred by
AAV and therefore reduce the risk of death and ESKD.
However, the removal of antibodies, as well as the use
of blood products and the potential need for central
venous access, may also increase the risk of harms,
particularly serious infections, the most common
cause of death for patients with AAV.?

Given the publication of a large trial evaluating
the effects of PLEX in patients with AAV (PEXIVAS),
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we updated a previous systematic review and meta-
analysis of randomised control trials (RCTs) to better
guide recommendations for the use of PLEX in AAV.?
This review is conducted as part of the BMJ Rapid
Recommendations project, a collaborative initiative
from the MAGIC Evidence Ecosystem Foundation
(www.magicproject.org) and The BMJ. This systematic
review informs a BMJ Rapid Recommendation
addressing PLEX in addition to immunosuppression
and glucocorticoid therapy in patients with severe AAV
(see box 1).*

Methods
No ethical approval was required to conduct this meta-
analysis.

Search strategy

We previously searched Medline (1950 through August
2009), Embase (1980 through August 2009), and the
Cochrane Controlled Clinical Trials Register (1996
through August 2009) using the Ovid search engine
with two comprehensive search themes combined
using the Boolean operator “and.”® The first theme,
vasculitis, was created using the Boolean search term
“or” to search for the following terms, text words,
and database-specific thesaurus terms: “vasculitis”
or “ANCA” or “antibodies, antineutrophil cytoplasm”
or “Wegener’s granulomatosis” or “microscopic
polyangiitis” or “microscopic polyarteritis” or
“rapidly progressive glomerulonephritis” or “RPGN”
or “pauci-immune glomerulonephritis” or “crescentic
glomerulonephritis.” The second theme, plasma
exchange, was created to search for the text words and
database-specific thesaurus terms “plasma exchange”
or “plasmapheresis” or “apheresis.” The results were
filtered for randomised controlled trials. We added to
the literature from this search by repeating the search

Box 1: Linked resources for this BM) Rapid Recommendations cluster

e Zeng L, Walsh M, Guyatt GH, et al. Plasma exchange and glucocorticoid dosing

for patients with ANCA-associated vasculitis: a clinical practice guideline. BM/

2022;376:064597

o Summary of the results from the Rapid Recommendation process

e 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. BM/

2022;376:€064604

oReview and meta-analysis of randomised trials that assess effects of plasma
exchange for antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis
(AAV)

¢ XiaoY, Guyatt G, Zeng L, et al. The comparative efficacy and safety of alternative

glucocorticoids regimens in patients with ANCA-associated vasculitis: a systematic

review. BMJ Open 2022; doi:10.1136/bmjopen-2021-050507

oReview and meta-analysis of randomised trials that assess effects of alternative
glucocorticoids regimens for AAV

o Walsh M. Predicting the 1-year risk of kidney failure in ANCA associated vasculitis.

BMC Medicine (forthcoming)

o Prediction model of risk of kidney failure in AAV

* MAGICapp (https://app.magicapp.org/#/guideline/4218)

o Expanded version of the results with multilayered recommendations, evidence
summaries, and decision aids foruse on all devices

on literature from January 2009 to July 2020. We
added the term “granulomatosis with polyangiitis” to
the search string and used the “controlled trials, all”
filter on Ovid.®

Inclusion and exclusion criteria

Two reviewers (MW and DC) independently evaluated
all articles from both the first systematic review and
the updated search for eligibility by first reviewing all
identified abstracts. Abstracts that either evaluator
did not identify as definitely ineligible underwent full
text eligibility review. Inclusion criteria consisted of:
(a) study design (RCT); (b) study population (patients
with AAV or rapidly progressive glomerulonephritis of
which >75% of cases were considered pauci-immune
or idiopathic); (c) the intervention (PLEX) by any
method and in any dose as initial therapy in addition
to immunosuppression and glucocorticoids); (d) the
outcome (trials that report at least one of mortality,
ESKD, serious infections, relapse of vasculitis, serious
adverse events, or health related quality of life);
and (e) time (outcomes reported at 12 months after
randomisation or later). Serious infections were defined
as infections requiring hospitalisation or intravenous
antibiotics. Studies were eligible whether published
or unpublished and irrespective of language. Studies
were excluded if they included primarily children
(>75% with age <16 years).

Risk of bias assessment

Two reviewers (MW and DC) assessed study quality
independently using the Cochrane tool for assessing
risk of bias that includes: random sequence generation;
allocation concealment; blinding of participants, staff,
and outcome assessors; incomplete outcome data;
selective outcome reporting; and other important
risks.’

Data extraction

For each eligible study, two reviewers independently
extracted the following: study characteristics:
population, description of intervention, and outcomes.
Study outcomes were extracted for 12 months after
randomisation and for longer term follow-up for each
study and whenever possible for each pre-specified
subgroup within a study (creatinine <500pmol/L
v 2500pmol/L or on dialysis at baseline, no lung
haemorrhage v lung haemorrhage at baseline).
Reviewers resolved disagreements through discussion.

Certainty of evidence assessment

We assessed certainty of evidence using the minimally
contextualised GRADE approach (that is, we assessed
the certainty of a minimally important effect being
present).? Minimally important differences were
chosen by the Plasma exchange and glucocorticoid
dosing for patients with ANCA-associated vasculitis
BM] Rapid Recommendations Group, including
absolute risk differences of 2% for mortality, 3%
for ESKD, and 5% for serious infections.” We used
commonly accepted thresholds for health-related
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quality of life instruments: 0.3 for the EQ-5D Index
and 3 points for the EQ-5D health thermometer and SF-
36 physical and mental composite scores. Still using
the minimally contextualised approach, for all other
outcomes, we used the null effect as the threshold and
rated the certainty whether there was an effect. Ratings
of certainty included consideration of risk of bias,
inconsistency, indirectness, and imprecision.

Statistical analysis

For each outcome, we used the random-effects model
based on the DerSimonian and Laird method to
estimate the average relative risk (RR) across trials
and the corresponding 95% confidence intervals (CI)
corrected for uncertainty in between-study variance
using the Hartung-Knapp method at 12 months and
longer follow-up.’ *® We calculated the proportion of
total variability in effect estimates due to between-
study heterogeneity (the I? statistic) and estimated the
between-study variance (t2). For studies with no events
in one cell, we used a small continuity correction
factor of 0.05 added to each cell of that study to
reduce potential bias in estimates.!' 1> We explored
the possible effects of this correction factor using
sensitivity analyses in which we omitted studies with
no events in one group, used a continuity correction
factor of 0.5 added to each cell and an empirical
approach.’? We did not test for publication bias due
to the low power of asymmetry tests in meta-analyses
with small numbers of studies.

We explored subgroup effects on the basis of
baseline kidney function by comparing subgroups with
a creatinine concentration =500 pmol/L or receiving
dialysis and subgroups with a creatinine concentration
<500pmol/L and not receiving dialysis on the basis
of previous studies concluding important effects of
PLEX were limited to patients with a creatinine level
>500 pmol/L or who were receiving dialysis.'> ' We also
explored subgroup effects on the basis of subgroups of
patients with lung haemorrhage at baseline compared
with those without lung haemorrhage (irrespective
of kidney function) on the basis of recommendations
that patients with lung haemorrhage receive particular
benefit from PLEX." Subgroup effects were assessed
by meta-analysis of only those trials that included
patients in both subgroups to reduce the possible
ecological biases by constructing multi-level random
effects logistic regression models in which contributing
trials were considered random factors and the
treatment group-by-subgroup interactions and the
corresponding interaction Pvalues were calculated.
We performed sensitivity analyses of subgroup effects
by also including trials that included patients in
only one subgroup (for example, all patients had a
creatinine level 500 pmol/L). Statistical analyses were
performed using Stata versions 16 (StatCorp, College
Station, TX).

We examined the conclusiveness of our estimates
with trial sequential analyses. We assumed the
control event rate was the expected event rate for
each outcome and assessed whether we had sufficient
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information to reliably conclude a treatment effect
existed or did not exist with 90% power and a two-
sided a of 0.05 using O’Brien-Flemming o spending.16
We used Trial Sequential Analysis software (www.ctu.
dk/tsa) for these analyses. We limited these analyses to
the outcomes of all-cause mortality, ESKD, and serious
infections, all at the time of one year. For trials that
failed this test, we rated down certainty of evidence for
imprecision.

We calculated absolute risk reductions by applying
the point estimates of the relative risk and the
boundaries of its 95% confidence interval to the
absolute risk of the overall control groups included
in each analysis. We recognised that the baseline
risk of outcomes such as ESKD and serious infection
vary substantially across the population of patients
with AAV for which PLEX might be considered. We
therefore calculated the absolute risk reductions
across a range of baseline risks for outcomes with
conclusive results. The range of risks was derived from
the available literature of non-PLEX treated patients
with AAV. Because these risks corresponded well with
baseline serum creatinine concentration, we estimated
baseline risks for four groups: low risk (creatinine
<200umol/L), low-moderate risk (creatinine >200-
300pumol/L), moderate-high risk (creatinine >300-
500pumol/L), and high risk (creatinine >500 pmol/L or
requiring dialysis)."”

Patient and public involvement

As per the BMJ Rapid Recommendations process,
a guideline panel that included content experts,
methodologists, and patients provided input into the
review. The panel reviewed the population, selected
and ranked important outcomes, subgroup analyses,
minimally important differences, and recommended
baseline risks on which absolute treatment effects were
calculated. The panel decided to conduct analyses
at one year of follow-up because it is commonly
reported, a large proportion of events occur during
this time, and it is short enough to reflect the effects of
an acute treatment and be relevant to acute treatment
decisions for patients and decision makers. The
panel also decided to aggregate longer term follow-
up since the epidemiological data suggested modest
changes in risk of death, ESKD, and infection during
broad follow-up periods after one year. This decision
was reinforced by the relative lack of heterogeneity
in meta-analyses of outcomes at longer term follow-
up despite follow-up durations that varied between
studies.

Results

The updated search identified 49 records in addition
to studies from the previous meta-analysis. After
screening titles and abstracts, five were identified for
full text review, of which three papers not included in
the previous meta-analysis proved eligible.’ ** * Two
papers updated the results of previously included
trials.'®*° Of the nine previously included studies, one
was excluded because it reported outcomes only at
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Records identified from updated literature search

11 PubMed 7 ClinicalTrials.gov
49 Embase 11 ICTRP
(B 42)

Records after duplicates removed

Excluded forirrelevance

—

v

(B 6)

Identified for full text review

®

Full text articles excluded (not RCTs)

®

Trials included in review (1 new trial,
2 updated previously identified trials)

L

RESEARCH

Randomised controlled trials identified
from previous meta-analysis

(B 1)
M Excluded due to inappropriate
follow-up duration

Trials included from previous meta-analysis

J

v

Total randomized trials included
9 Mortality (6 at 12 months and 8 at longer term)
9 ESKD (7 at 12 months and 7 at longer term)
7 Serious infection (4 at 12 months and 6 at longer term)

1 Remission (1 trial at 12 months)
3 Relapse (3 trials at longer term)

Health Related Quality of Life (1 at 12 months)
Serious Adverse Events (1 trial at 12 months and 3 at longer term)

Fig 1 | Summary of eligible study identification.

time points less than 12 months after randomisation.*
Data from one trial was reported in two manuscripts
(one short term and one long term follow-up), and data
from two trials were reported as a single individual
patient meta-analysis in a single manuscript.’* '® 2!
Therefore, data from nine trials including 1060
patients with a median follow-up of three years were
included (fig 1).3 131418192125 The characteristics of the
studies are summarised in table 1.

Risk of bias

Table 2 presents the risk of bias for each trial. Five
trials were at low risk of bias for random sequence
generation and four were at low risk of bias for
allocation concealment. No trials blinded participants,
investigators, or outcome assessment, but—given
the nature of the outcomes (death, ESKD, serious
infections), which are unlikely to be affected by mis-
ascertainment, and for which no other therapies are
known to be effective—the risk of bias was considered
low. Eight (89%) were considered at low risk of bias
from incomplete data, and all were considered at low
risk of bias from selective outcome reporting.

Outcomes

Table 3 summarises the findings of the main effects for
all outcomes including absolute risk reductions. The
results by subgroups are summarised in supplemental

table 1 on bmj.com, and sensitivity analyses are
provided in supplemental table 2.

All-cause mortality

Six trials including 967 patients reported all-cause
mortality at 12 months, and eight trials including 1028
patients reported all-cause mortality at longer term
follow-up. PLEX probably had little or no effect on all-
cause mortality at 12 months (relative risk 0.90 (95%
CI 0.64 to 1.27), moderate certainty) (fig 2) or longer
term follow-up (RR 0.93 (0.73 to 1.19), moderate
certainty) (supplemental fig 1). There was no evidence
of subgroup effects by baseline kidney function on
12 month mortality (P=0.33) or longer term mortality
(P=0.70) using data from three trials at each time
point, each of which reported outcomes for both
subgroups. These results were not materially different
in sensitivity analyses using data from four trials for
each group at each time point (supplementary table 1).
Similarly, there was no evidence of heterogeneity on
the basis of lung haemorrhage (RR 0.94 (0.36 to 2.45)
in patients without lung haemorrhage v RR 0.89 (0.01
to 92) in those with lung haemorrhage, interaction
P=0.45; supplementary table 1). Trial sequential
analysis suggested it is unlikely further randomisation
will result in proving at least a 20% risk reduction in
12 month mortality as the cumulative Z-curve lies fully
within the futility boundary (supplemental fig 2).
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Table 1 | Characteristics of trials of plasma exchange for treatment of ANCA-associated vasculitis and participants included for meta-analysis

Participants

Baseline creatinine Baseline dialysis

Plasma exchange Mean age (years) Female (%) (pmol/L) (%)
Follow-up No of Volume/ Lung
Study (months) Method treatments treatment No wPLEX Ctrl PLEX Ctrl PLEX Ctrl PLEX Ctrl haem
5in 5 days + 1.5 plasma
Rifle 1980 22 Centrifuge additional for vélu?ﬂes 14 41 52 50 25 893 1140 67 88 No
non-response
e 6in 12 days +
Mauri 1985 36 and ﬁttegF additional for 3.5L 22 NR NR NR NR 1193 1158 50 50 NR
non-response
5in 7 days +
Pusey 1991 58 Centrifuge  additional for 4L 48 52 51 36 39 793 637 44 34 Yes
non-response
Cole 1992 12 Centrifuge 210in 16 days 1 plasmavolume 32 NR NR NR NR 634 769 25 43 NR
Guillevin 1997 12 Ceniifiige 9@ 1242 60mL/kg 32 47 62 47 38 439 287 32 15 NR
and filter  times/week
Zauner 2002 127 NR 3+Qfornon- 60 e 39 55 56 29 22 MR NR NR NR Yes
response
Jayne 2007, Centrifuge .
Walsh 2013 12,47 and filter 7 in 14 days 60mL/kg 137 67 66 41 36 701 732 67 71 Yes
. . 6 + 3-6 for
Szpirt 2010 60 Filter persistent ANCA 41 32 58 56 25 19 262 250 13 25 Yes
Walsh 2020 35 gﬁg%’&%e 7inl4days  60mL/kg 704 63 64 42 45 327 336 19 21 Yes

Lung haem =Presence of lung haemorrhage at baseline. PLEX=Plasma exchange. Ctrl=Control. NR =Not reported.

End stage kidney disease (ESKD)

Seven trials including 999 patients reported ESKD at 12
months, and seven trials including 996 patients reported
ESKD at longer term follow-up. PLEX probably reduced
the risk of ESKD at 12 months (RR 0.62 (0.39 to 0.98))
(fig 3) and may affect longer term risk (RR 0.79 (0.58 to
1.08), low certainty) (supplemental fig 3). There was no
evidence of subgroup effects based on kidney function
at baseline at 12 months (P=0.55) or longer term follow-
up (P=0.54) based on data from five trials reporting
outcomes for both subgroups at 12 months and three
trials at longer term follow-up (supplementary table
1). These results were not materially different when
using data from all trials with available data for any
subgroup. In trial sequential analysis, the cumulative
information reached the adjusted monitoring boundary
suggesting at least a 20% risk reduction in ESKD by 12
months reliably exists (supplemental fig 4).

The estimated absolute risk reduction in ESKD for
PLEX ranges from 0.08% (0.02% to 0.12%) for those at
the lowest risk (high certainty of no important effects),
to 2.1% (0.6% to 3.1%) for those at low-moderate
risk (low certainty), to 4.6% (1.2% to 6.8%) for those
at moderate-high risk (moderate certainty), to 16.0%
(4.2% to 23.6%) for those at high risk (high certainty
of important effects).

Serious infections

Four trials including 908 patients reported serious
infections at 12 months and six trials including 957
patients reported serious infections at longer term
follow-up. PLEX increased the risk of serious infections
at 12 months (RR 1.27 (1.08 to 1.49), moderate
certainty) (fig 4) and may increase risk at longer term
follow-up (RR 1.13 (1.03 to 1.24), low certainty)
(supplemental fig 5). In trial sequential analysis,
the cumulative information reached the adjusted
monitoring boundary suggesting at least a 20% risk
increase in serious infections by 12 months reliably
exists (supplemental fig 6).

The estimated absolute risk increase for serious
infection with PLEX ranges from 2.7% (0.3% to 5.6%)
for those at the lowest risk (moderate certainty), to
4.9% (0.5% to 10.1%) for those at low-moderate risk
(moderate certainty), to 8.6% (1% to 17.9%) for those
at moderate-high risk (moderate certainty), to 13.5%
(1.5% to 28.0%) for those at high risk (moderate
certainty).

Remission

No trials reported remission alone. One trial including
704 patients reported sustained remission as the
composite of remission induced by six months and

Table 2 | Risk of bias of trials of plasma exchange for the treatment of ANCA-associated vasculitis

Random sequence Allocation

Blinding of participants Blinding of outcome

Incomplete Selective

Study generation concealment and investigators assessment data reporting
Rifle 1980 Unclear High Low Low Low Low
Mauri 1985 Unclear High Low Low Low Low
Pusey 1991 Low High Low Low Low Low
Cole 1992 Low Low Low Low High Low
Guillevin 1997 Unclear High Low Low Low Low
Zauner 2002 Unclear High Low Low Low Low
Jayne 2007, Walsh 2013 Low Low Low Low Low Low
Szpirt 2011 Low Low Low Low Low Low
Walsh 2020 Low Low Low Low Low Low

5
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Yes/No
Study Treatment Control Risk ratio Weight Risk ratio
(95% CI) (%) (95% CI)
Rifle 1980 1/5 1/7 1.86  1.33(0.10t0 17.28)
Pusey 1991  5/20 7/16 —@ 1227  0.66(0.24t0 1.78)
Cole 1992 2/14 0/16 « » 0.16 41.00(0.01 to 2.8e+05)
Jayne 2007  19/51 16/51 ——’— 37.03 1.14(0.64t0 2.02)
Szpirt 2011 2/14 0/16 0.16 41.00(0.01 to 2.8e+05)
Walsh 2020 25/327  32/320 —Q — 48.53 0.78(0.47t01.29)
Overall i 100.00 0.90 (0.64 to 1.27)
Test for heterogeneity: >=0.00; 25 05 1 2 4

1>=0.00%; H?=1.00

Fig 2 | Effect of plasma exchange on all-cause mortality within 12 months’ follow-up in patients with anti-neutrophil
cytoplasm antibody (ANCA)-associated vasculitis using the DerSimonian and Laird random effects model with Knapp-

Hartung standard error adjustment

sustained until at least 12 months and probably
resulted in no appreciable difference with PLEX (RR
1.01 (0.89 to 1.15), moderate certainty).

Relapse

Three trials including 202 patients reported relapse
at longer term follow-up. PLEX may have little or no
effect on the risk of relapse (RR 0.92 (0.32 to 2.67), low
certainty).

Health related quality of life

Only one trial including 704 patients reported health
related quality of life at 12 months, and no trials
reported longer term effects on health related quality
of life. No differences were seen at 12 months in any
measure of health related quality of life (moderate to
high certainty).

Other serious adverse events
One trial including 137 patients reported serious
adverse events at 12 months, and three trials including

750 patients reported serious adverse events at longer
follow-up. PLEX probably had no or little effect on
serious adverse events at 12 months (RR 1.05 (0.74
to 1.48), moderate certainty) or longer term follow-up
(RR 1.00 (0.89 to 1.11), moderate certainty).

Discussion

Principal findings

This meta-analysis shows that PLEX results in reduced
riskof end stage kidney disease (ESKD) and anincreased
risk of serious infections at 12 months in patients with
anti-neutrophil cytoplasm antibody (ANCA)-associated
vasculitis (AAV). Although the relative effects of PLEX
on these outcomes were substantial, the baseline risks
of ESKD and serious infections, and thus the absolute
reduction in risks of ESKD and increases in serious
infection with PLEX, vary substantially. The effects of
PLEX on ESKD and serious infections at longer term
follow-up were uncertain, but the point estimates were
attenuated compared with 12 month outcomes. The
effects of PLEX on all-cause mortality, regardless of

Yes/No
Study Treatment Control Risk ratio Weight Risk ratio
(95% CI) %) (95% CI)
Rifle 1980 2/4 7/1  — . 9.75 0.38(0.12t0 1.22)
Pusey 1991 1/24  5/18 f 331 0.18(0.02t0 1.46)
Cole 1992 3/13 5/11 '« ‘v‘ 8.51 0.60(0.17 t0 2.10)
Guillevin 1997 3/16 1/12 3.08 2.05(0.24t017.63)
Jayne 2007  10/60 22/45 4—0—— 2411 0.44(0.22t00.85)
Szpirt2011  0/16  4/12 f 019  0.01(0.00t081.26)
Walsh 2020  48/304  59/293 —— — 51.04 0.81(0.57t01.16)
Overall — 100.00 0.62(0.39 to 0.98)
Test for heterogeneity: >=0.04; 025 05 1 2 4

1’=14.84%; H*=1.17

Fig 3 | Effect of plasma exchange on end stage kidney disease within 12 months’ follow-up in patients with anti-
neutrophil cytoplasm antibody (ANCA)-associated vasculitis using the DerSimonian and Laird random effects model

with Knapp-Hartung standard error adjustment
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Yes/No

Study Treatment Control Risk ratio Weight Risk ratio

(95% CI) %) (95% CI)
Cole 1992 4/12 2/14 r 1.80 2.00(0.42 t0 9.42)
Jayne 2007  20/50 17/50 —_— 1410  1.13(0.65to 1.96)
Szpirt 2011 2/14 1/15 < » 0.82 2.00(0.20t019.91)
Walsh 2020 119/233  93/259 —’— 83.29 1.28(1.02t01.61)
Overall - 100.00 1.27(1.08 to 1.49)

Test for heterogeneity: 12=0.00;
12=0.00%; H*=1.00

025 05

Fig 4 | Effect of plasma exchange on serious infection within 12 months’ follow-up in patients with anti-neutrophil
cytoplasm antibody (ANCA)-associated vasculitis using the DerSimonian and Laird random effects model with Knapp-

Hartung standard error adjustment

presence or absence of lung haemorrhage, and other
outcomes were of low certainty both at 12 months and
at longer term follow-up.

Strengths and limitations of this study

The strengths of this review include a comprehensive
search, the reporting of important outcomes, the
assessment of optimal information size with trial
sequential analysis and the GRADE approach to report
certainty of evidence.?® In addition, we reported the
absolute effects across the broad range of risks with
which patients with this disease present.

The limitations of this review include the relative
paucity of RCT data in general and, in particular, the
paucity of data informing potential subgroup effects.
Despite this, there was sufficient evidence to be
moderately certain an important effect exists for the
outcome of ESKD. With regard to subgroup effects,
the available data do not suggest heterogeneity of
effects across subgroups, and there are few biological
explanations for why a subgroup effect might exist; our
panel thus concluded subgroup effects are unlikely to
exist. A further limitation was the moderate degree
of clinical heterogeneity across studies that included
patients with potentially different diagnoses, different
regimens of PLEX, and different therapies representing
standard care. Finding a robust effect on ESKD may be
considered reassuring since the clinical heterogeneity
might be expected to bias the result towards the null.
Also, most of the data come from the most recent
trials, in which the diagnoses and treatment regimens
were more homogeneous. A final limitation is the
imprecision with which baseline infection risk can
be calculated and mapped to risk of ESKD. We can,
however, be confident that risk of serious infections
is higher in those with worse kidney function both in
AAV and other acute and chronic conditions.!?” 28%°

Comparison with other studies

There is perhaps a counter-intuitive difference between
the result of this review and PEXIVAS, the largest trial
of PLEX in AAV. PEXIVAS failed to show a difference
between PLEX and control for both the primary
composite outcome of ESKD or all-cause mortality and

for each of the components of the primary outcome
separately. PEXIVAS, however, was designed to detect
an approximate 34% relative risk reduction in the
composite outcome of ESKD or all-cause mortality
on the basis of an estimated 164 primary outcome
events.’® This review found a 42% relative risk
reduction in ESKD at 12 months on the basis of 167
outcome events (117 of which were from PEXIVAS) but
uncertain effects on ESKD at longer term follow-up or
on all-cause mortality at any time.

This meta-analysis demonstrates the unexpected,
differential effects of PLEX on ESKD compared with
all-cause mortality, which dramatically reduced the
power of PEXIVAS to reliably estimate the benefits of
PLEX using a composite outcome. Additionally, the
discordant effects of PLEX on ESKD compared with all-
cause mortality noted in previous trials and reviews,
and attributed to random error, are now more precisely
estimated and a potential explanation has become
evident—a previously unidentified, concomitant
increase in the risk of serious infection.” ** The
increased risk of serious infection is not, to our
knowledge, reliably demonstrated in other clinical
areas.’’ This may be due to the larger number of
patients randomised and relatively high baseline rates
of infection in AAV compared with other conditions
resulting in greater statistical power, or potentially an
interaction with the concomitant glucocorticoids and
immunosuppressive therapies used to treat AAV.

This systematic review included substantially more
data than our previous review and used more granular
data than other systematic reviews.” > Accordingly, the
estimates from this review are more refined than those
of previous reviews and, compared with our previous
meta-analysis, the current review reliably concludes
that PLEX reduces the risk of ESKD within 12 months
but is responsible for a concomitant increase in the risk
of serious infections not previously appreciated. This is
an important finding as it may explain the lack of effect
of PLEX on mortality despite the large effect on ESKD.
We provide absolute risk reductions and increases
for important outcomes that will help healthcare
providers, patients, and family members engage in
shared decision making.>?
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Implications of the study from UpToDate. DRW) reports consulting fees from AstraZeneca,

. . . . . . . Chemocentryx and Genentech and grant support paid to the University
This systematic review provides information regarding of Cambridge and consulting fees from GlaxoSmithKline; no other

the benefits and harms of PLEX in AAV necessary relationships or activities that could appear to have influenced the
for decision makers. The review identifies moderate  submitted work.
certainty evidence that PLEX reduces the risk of ESKD  Data sharing: No additional data are available.
within one year. It is uncommon to generate this Tra;sparency: The lea(jjauthor affirms that thefmhanusc(;ipt)is

. . : an honest, accurate, and transparent account of the stu ein
degree of certainty for such an impactful outcome in a reported; that no important asgects of the study have be\én om%tted;
rare disease. The available data further suggest that the  and that any discrepancies from the study as planned have been
effects of PLEX on both ESKD and serious infections  explained.
diminish over time. The complicated trade-off between  Dissemination to participants and related patient and public

ESKD and serious infections that changes over time communities: We plan to disseminate the results through
publications, conference presentations, and social media to

informs shared decision making. Furthermore, since  international stakeholders, including patient led organisations, and
PLEX is an invasive, expensive therapy that is not healthcare decision makers who use or generate evidence based on
ubiquitously available, understanding these effects ~routinely collected data.

. . P . This is an Open Access article distributed in accordance with the
across the range of baseline risks is important in Creative Commons Attribution Non Commercial (CC BY-NC 4.0)

understanding the cost-effectiveness of PLEX in AAV  |icense, which permits others to distribute, remix, adapt, build upon

(very low in the lowest risk patients, substantial in the  this work non-commercially, and license their derivative works on

higher risk patients) different terms, provided the original work is properly cited and the
' use is noncommercial. See: http://creativecommons.org/licenses/
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