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Background: Anti-neutrophil cytoplasm antibody-associated vasculitis is a multisystem, autoimmune
disease that causes organ failure and death. Physical removal of pathogenic autoantibodies by plasma
exchange is recommended for severe presentations, along with high-dose glucocorticoids, but
glucocorticoid toxicity contributes to morbidity and mortality. The lack of a robust evidence base to
guide the use of plasma exchange and glucocorticoid dosing contributes to variation in practice and
suboptimal outcomes.

Objectives: We aimed to determine the clinical efficacy of plasma exchange in addition to
immunosuppressive therapy and glucocorticoids with respect to death and end-stage renal disease
in patients with severe anti-neutrophil cytoplasm antibody-associated vasculitis. We also aimed to
determine whether or not a reduced-dose glucocorticoid regimen was non-inferior to a standard-dose
regimen with respect to death and end-stage renal disease.

Design: This was an international, multicentre, open-label, randomised controlled trial. Patients were
randomised in a two-by-two factorial design to receive either adjunctive plasma exchange or no plasma
exchange, and either a reduced or a standard glucocorticoid dosing regimen. All patients received
immunosuppressive induction therapy with cyclophosphamide or rituximab.

Setting: Ninety-five hospitals in Europe, North America, Australia/New Zealand and
Japan participated.

Participants: Participants were aged ≥ 16 years with a diagnosis of granulomatosis with polyangiitis or
microscopic polyangiitis, and either proteinase 3 anti-neutrophil cytoplasm antibody or myeloperoxidase
anti-neutrophil cytoplasm antibody positivity, and a glomerular filtration rate of < 50ml/minute/1.73m2 or
diffuse alveolar haemorrhage attributable to active anti-neutrophil cytoplasm antibody-associated vasculitis.

Interventions: Participants received seven sessions of plasma exchange within 14 days or no plasma
exchange. Oral glucocorticoids commenced with prednisolone 1 mg/kg/day and were reduced over
different lengths of time to 5 mg/kg/day, such that cumulative oral glucocorticoid exposure in the first
6 months was 50% lower in patients allocated to the reduced-dose regimen than in those allocated to
the standard-dose regimen. All patients received the same glucocorticoid dosing from 6 to 12 months.
Subsequent dosing was at the discretion of the treating physician.

Primary outcome: The primary outcome was a composite of all-cause mortality and end-stage renal
disease at a common close-out when the last patient had completed 10 months in the trial.

Results: The study recruited 704 patients from June 2010 to September 2016. Ninety-nine patients
died and 138 developed end-stage renal disease, with the primary end point occurring in 209 out of
704 (29.7%) patients: 100 out of 352 (28%) in the plasma exchange group and 109 out of 352 (31%)
in the no plasma exchange group (adjusted hazard ratio 0.86, 95% confidence interval 0.65 to 1.13;
p = 0.3). In the per-protocol analysis for the non-inferiority glucocorticoid comparison, the primary end
point occurred in 92 out of 330 (28%) patients in the reduced-dose group and 83 out of 325 (26%)
patients in the standard-dose group (partial-adjusted risk difference 0.023, 95% confidence interval
0.034 to 0.08; p = 0.5), thus meeting our non-inferiority hypothesis. Serious infections in the first year
occurred in 96 out of 353 (27%) patients in the reduced-dose group and in 116 out of 351 (33%)
patients in the standard-dose group. The rate of serious infections at 1 year was lower in the reduced-
dose group than in the standard-dose group (incidence rate ratio 0.69, 95% confidence interval 0.52 to
0.93; p = 0.016).
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Conclusions: Plasma exchange did not prolong the time to death and/or end-stage renal disease in
patients with anti-neutrophil cytoplasm antibody-associated vasculitis with severe renal or pulmonary
involvement. A reduced-dose glucocorticoid regimen was non-inferior to a standard-dose regimen and
was associated with fewer serious infections.

Future work: A meta-analysis examining the effects of plasma exchange on kidney outcomes in anti-
neutrophil cytoplasm antibody-associated vasculitis is planned. A health-economic analysis of data
collected in this study to examine the impact of both plasma exchange and reduced glucocorticoid
dosing is planned to address the utility of plasma exchange for reducing early end-stage renal disease
rates. Blood and tissue samples collected in the study will be examined to identify predictors of response to
plasma exchange in anti-neutrophil cytoplasm in antibody-associated vasculitis. The benefits associated with
reduced glucocorticoid dosing will inform future studies of newer therapies to permit further reduction in
glucocorticoid exposure. Data from this study will contribute to updated management recommendations for
anti-neutrophil cytoplasm antibody-associated vasculitis.

Limitations: This study had an open-label design which may have permitted observer bias; however,
the nature of the end points, end-stage renal disease and death, would have minimised this risk.
Despite being, to our knowledge, the largest ever trial in anti-neutrophil cytoplasm antibody-associated
vasculitis, there was an insufficient sample size to assess clinically useful benefits on the separate
components of the primary end-point: end-stage renal disease and death. Use of a fixed-dose plasma
exchange regimen determined by consensus rather than data-driven dose ranging meant that some
patients may have been underdosed, thus reducing the therapeutic impact. In particular, no biomarkers
have been identified to help determine dosing in a particular patient, although this is one of the goals
of the biomarker plan of this study.

Trial registration: This trial is registered as ISRCTN07757494, EudraCT 2009-013220-24 and
Clinicaltrials.gov NCT00987389.

Funding: This project was funded by the National Institute for Health and Care Research (NIHR)
Health Technology Assessment programme and will be published in full in Health Technology Assessment;
Vol. 26, No. 38. See the NIHR Journals Library website for further project information.
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Plain English summary

Anti-neutrophil cytoplasm antibody vasculitis is a rare and severe disease in which the patient
makes antibodies that damage their blood vessels. It can cause lung damage, kidney failure

and early death. Treatment aims to suppress the harmful effects of the antibodies and associated
inflammation. In particular:

1. Plasma exchange aims to remove the antibodies from the bloodstream.
2. Steroids aim to reduce the harmful activity of the antibodies.

Unfortunately, plasma exchange is expensive and time-consuming, and we do not know if it really
works long term to reduce kidney damage or the risk of death. We know steroids work, but they have
many severe side effects that are related to higher doses. Again, we do not know if lower doses are
equally effective.

We conducted a randomised trial, PEXIVAS (Plasma Exchange In VASculitis), to measure the clinical
effectiveness of plasma exchange and of reduced steroid doses. Anti-neutrophil cytoplasm antibody
vasculitis patients with severe kidney or lung disease were allocated randomly to either plasma
exchange or no plasma exchange. The same patients were then randomly allocated to a ‘reduced’
or ‘standard’ steroid dose. All patients received an immunosuppressive drug: cyclophosphamide or
rituximab. The primary end point for both trials was the occurrence of either kidney failure or death.

A total of 704 patients were recruited between 2010 and 2016, and they were followed up until the
end of the trial in July 2017. Ninety-nine patients died and 138 developed kidney failure. Plasma
exchange did not reduce the chances of death or kidney failure. There was also no difference between
the two steroid dose groups in the number of deaths or patients developing kidney failure. However,
there were fewer serious infections in the reduced steroid dose group.

These results do not support the routine use of plasma exchange for all patients with severe vasculitis.
They do show that the reduced-dose steroid regimen is just as effective as, and safer than, a ‘standard’-
dose steroid regimen. These results have the potential to save money and make the treatment of
vasculitis patients safer in the future.
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Scientific summary

Background

Anti-neutrophil cytoplasm antibody-associated vasculitis (AAV) is an inflammatory multisystem autoimmune
disease that frequently involves the lungs and kidneys, resulting in end-stage renal disease and premature
death. Treatment with high-dose glucocorticoids and immunosuppressive drugs controls the disease,
but patients presenting with impaired renal or respiratory function continue to be at risk of these
outcomes, and the morbidity and mortality rates of the treatments rival those of the disease. Patients
with a glomerular filtration rate (GFR) of < 50 ml/minute/1.73 m2 have a 40% chance of end-stage renal
disease or death by 5 years, based on previous clinical trial data [Walsh M, Merkel PA, Peh CA, Szpirt W,
Guillevin L, Pusey CD, et al. Plasma exchange and glucocorticoid dosing in the treatment of anti-neutrophil
cytoplasm antibody associated vasculitis (PEXIVAS): protocol for a randomized controlled trial. Trials
2013;14:73]. Those with lung haemorrhage and hypoxia have a 10–50% risk of early death from
respiratory failure. Overall, AAV gives a threefold increase in standardised mortality ratio. Anti-neutrophil
cytoplasm autoantibodies (ANCA) contribute to disease pathogenesis, and their physical removal by
plasma exchange (PLEX) has been a treatment option for 40 years, in the absence of a robust evidence
base. The speed of action of PLEX has been particularly appealing because drug therapy takes weeks to
months to be effective, and because PLEX is of benefit in related forms of antibody-mediated kidney injury,
including anti-glomerular basement membrane disease and antibody-mediated kidney transplant rejection.
Although steroids have been used in vasculitis therapy since the late 1940s, there is little good-quality
evidence to guide optimal steroid dosing, although steroids are known to contribute to the early infective
mortality from vasculitis treatment and to the accumulation of chronic damage and incapacity, which
are common in vasculitis patients. Standard steroid regimens have evolved from personal experiences
and consensus statements, but they have not been subjected to detailed study.

Objectives

The PEXIVAS (Plasma Exchange In VASculitis) trial aimed to determine whether or not PLEX would
delay the onset of end-stage renal disease or death in AAV patients presenting with adverse prognostic
features, and assessed the safety risks of PLEX in this population. It also assessed whether or not a
reduced-dose oral steroid regimen was as effective for the prevention of end-stage renal disease and
death as a standard-dose regimen, and if it was safer than the standard-dose regimen. The secondary
objectives reviewed the impact of these two interventions on end-stage renal disease and death
separately, and the impact on sustained vasculitis remission, serious infections and quality of life.

Methods

This was an international, multicentre, open-label, randomised controlled trial of patients with
new or relapsing AAV of the major subgroups, granulomatosis with polyangiitis or microscopic
polyangiitis. Eligibility also required a GFR of < 50 ml/minute/1.73 m2 attributable to renal
vasculitis, lung haemorrhage, or both, and current positivity for ANCA: either proteinase 3 ANCA
or myeloperoxidase ANCA.

Patients were randomised in a 2 × 2 factorial design to either PLEX or no PLEX, and then to either
reduced- or standard-dose oral steroid regimens. A minimisation algorithm was designed to balance
randomisation according to age, ANCA subtype, severity of renal failure, presence and severity of lung
haemorrhage and planned type of induction immunosuppression therapy.
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All patients received initial intravenous steroids and an immunosuppressive (either cyclophosphamide
or rituximab). The PLEX dose was seven exchanges within the first 14 days, following local procedures.
Oral steroid regimens commenced in all patients at 1 mg/kg/day of prednisolone and reduced to
5 mg/kg/day over different lengths of time, so that the patients allocated to the reduced-dose regimen
received an ≈ 50% reduction in oral steroid exposure over the first 6 months compared with those
allocated to the standard-dose regimen. Prednisolone was continued in all patients at 5 mg per day
from 6 to 12 months, and then patients were treated in accordance with local practice. All patients
were followed to a common close-out: 10 months after the recruitment of the final patient.

It was anticipated that 500 patients would be recruited over 5 years to detect a hazard ratio (HR) of
0.64 with PLEX for the primary, composite end point of end-stage renal disease or death, with a power
of 80% and two-sided alpha of 0.05. With 164 events, this reflected an absolute risk reduction of 12%,
from 44% in the control group to 32% in the PLEX group. This sample size would permit a non-inferiority
hypothesis for the reduced-dose steroid regimen, whereby the increase in end-stage renal disease or
death would not be > 11% with a power of > 80%. Estimating a severe infection rate of 25%, this sample
size also had 80% power to detect a 10% absolute risk reduction (relative risk reduction of 40%) with
the reduced-dose steroid regimen. During the trial, the event rate was lower than predicted and the
sample size was increased to 700 subjects.

The primary end point was a composite of time to all-cause mortality and end-stage renal disease.
Secondary end points were end-stage renal disease and death, separately; sustained remission; serious
adverse events (SAEs); serious infections; and quality of life. Prespecified exploratory analyses were
the primary composite end point at 1 year for both randomisation groups, and the effect of PLEX on
death at 1 year for those with lung haemorrhage.

Results

A total of 704 patients were recruited from 95 sites in 10 European Union countries, Australia,
Canada, Japan, New Zealand, Mexico and the USA between June 2010 and September 2016, with a
median follow-up of 2.9 years. Randomisations were well balanced in terms of baseline variables,
and compliance with the randomised allocated regimen varied from 92% to 96% between the four
randomisation groups. Data return was good for the first year (99%), with some drop-off to < 90%
after 4 years’ follow-up. A total of 100 patients in the PLEX group compared with 109 in the no-PLEX
group reached an end point [HR 0.86, 95% confidence interval (CI) 0.65 to 1.13] and 107 in the
reduced-dose steroid group compared with 102 in the standard-dose steroid groups (HR 1.00, 95% CI
0.76 to 1.31) in the time-to-event analyses. No significant interactions were seen between interventions.
No differences were seen between groups in the proportion of patients achieving a sustained remission,
end-stage renal disease or all-cause mortality for either PLEX versus no PLEX, or reduced-dose versus
standard-dose steroid regimens. Infection was the most common cause of death.

A total of 1191 SAEs were reported, with infection being the most common SAE reported (n = 423).
There were no differences in SAE rates between the randomisation groups. There were no statistically
significant differences in serious infection rates between the PLEX and no PLEX groups. Fewer serious
infections were seen in the reduced-dose steroid group than in the standard-dose oral steroid groups;
however, this finding was not statistically significant (incidence rate ratio 0.76, 95% CI 0.57 to 1.01;
p = 0.058). Although overall quality of life improved over time, there were no clinically meaningful
differences between any of the randomisation groups.

Preplanned subgroup analyses for the primary end point were performed for all of the subgroups
defined at entry for minimisation, and no differences were seen. Prespecified exploratory analyses of
time to death and/or end-stage renal disease at 1 year showed no significant difference between PLEX
and no PLEX (HR 0.77, 95% CI 0.56 to 1.06) or between reduced-dose and standard-dose steroid
groups (HR 0.80, 95% CI 0.58 to 1.09).
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Conclusions

This multicentre rare-disease trial successfully recruited > 700 patients from an international network.
The time to death and/or end-stage renal disease was longer than expected from data obtained
between 1995 and 2005, implying improved outcomes, despite no major changes in therapeutic agents
during this period.

Plasma exchange did not delay the onset of end-stage renal disease or death. There was also no
difference between PLEX and no PLEX in sustained remission, SAEs, serious infections or quality
of life. The results of this trial do not provide convincing evidence that routine use of PLEX for
patients presenting with AAV and renal involvement with a GFR of < 50 ml/minute/1.73 m2 reduces
the time to death or end-stage kidney disease.

The reduced-dose steroid regimen was safer, with fewer serious infections, and was no less effective
in delaying death and/or end-stage renal disease than the standard-dose steroid regimen. This is
the first trial, to our knowledge, to compare steroid dosing in a randomised controlled trial for AAV
patients presenting with a GFR of < 50 ml/minute/1.73 m2 or lung haemorrhage, and provides key
evidence to be considered in future recommendation statements. The availability of a validated steroid
regimen will harmonise steroid exposure and directly benefit physicians and their patients. The size
and duration of PEXIVAS and the global reach of the investigator network will facilitate the impact of
the trial’s conclusions on health-care policy and the management of AAV patients in the future.

Trial registration

This trial is registered as ISRCTN07757494, EudraCT 2009-013220-24 and Clinicaltrials.gov
NCT00987389.

Funding

This project was funded by the National Institute for Health and Care Research (NIHR) Health
Technology Assessment programme and will be published in full in Health Technology Assessment;
Vol. 26, No. 38. See the NIHR Journals Library website for further project information.
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Chapter 1 Introduction

Parts of this chapter have been reproduced with permission from the PEXIVAS protocol version 1.0.1

Scientific background

Granulomatosis with polyangiitis (GPA) and microscopic polyangiitis (MPA) are syndromes of primary
systemic vasculitis that are associated with anti-neutrophil cytoplasm antibodies (ANCA). Together,
these syndromes are grouped as ANCA-associated vasculitis (AAV). The prevalence of AAV is estimated
at 14–30 per 100,000 in England.2 If left untreated, AAV has a universally poor prognosis, with
mortality rates approaching 100% within 5 years.3 The introduction of treatment regimens based on
cyclophosphamide (CYC) and glucocorticoids (GCs) has transformed AAV from a rapidly fatal disease
to one of chronic morbidity and reduced survival, often preceded by end-stage renal disease (ESRD).

Plasma exchange (PLEX), a method of rapidly removing potentially pathogenic ANCA and other
mediators of inflammation and coagulation, has shown promise as an adjunctive therapy in AAV to
improve early disease control and improve rates of renal recovery in severe disease. GCs are the
standard of care for the treatment of AAV. High doses of GCs early in disease undeniably reduce disease
activity because of their anti-inflammatory and immunosuppressive properties, but they also increase
the risk of infection, particularly in the elderly and in the presence of uraemia.4–7 To our knowledge,
there are no randomised trial data to guide GC dosing.

There is a need for therapies with reduced toxicity that improve disease control. Defining the role
of therapies that are already in use but are invasive, expensive and unproven is a priority in AAV
research. PEXIVAS (Plasma Exchange In VASculitis) was a randomised controlled trial that tested two
interventions in a 2 × 2 factorial design (standard care and PLEX compared with standard care alone,
and a standard-dose GC regimen compared with a reduced-dose GC regimen) to address these issues.

Current treatment options and target population

Current standard treatment regimens still have poor outcomes. Unselected cohorts with AAV now
demonstrate 5-year renal survival (defined as the composite of ESRD or death) of 60–70%.8,9 In patients
with vital-organ-threatening disease (e.g. kidneys or lungs), renal survival is worse than in patients with
other types of disease. Long-term follow-up data from three completed randomised controlled trials by the
European Vasculitis Study Group (EUVAS) involving 285 patients with an estimated glomerular filtration
rate (eGFR) of > 50ml/minute/1.73 m2 of body weight demonstrated that 5-year ESRD-free survival was
only 54%, and the median time to renal failure or death was 6 years, despite the exclusion of patients with
lung haemorrhage (Figure 1). In the subgroup of patients with a creatinine level of > 500, and a glomerular
filtration rate (GFR) of < 50ml/minute/1.73m2, a group traditionally thought to have a favourable prognosis,
33% died or developed ESRD by 5 years (Figure 2). Additionally, patients with lung haemorrhage, who were
excluded from these studies, have a mortality rate of up to 50% in the first year.

Poor outcomes in AAV are attributed to both ineffective therapies and complications of the standard
treatments (CYC and GC). Approximately 20% of patients either do not have adequate disease control
or are intolerant of their induction or remission treatment.10–12 An additional 50% of patients will have
relapsing AAV over the subsequent 5 years. Inadequate disease control is associated with increased
immunosuppressive medication and, thus, increased risk of treatment-related toxicity, progressive
organ scarring and death. Additionally, between 25% and 50% of patients with severe AAV experience
a severe infection within the first 12 months of treatment, and the most frequently cited causes of
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death are infection or uncontrolled vasculitis.13,14 Treatment regimens that minimise toxicity and
infections and also provide adequate disease control are, therefore, needed.

Evidence for plasma exchange in anti-neutrophil cytoplasm
antibody-associated vasculitis

Plasma exchange involves the extracorporeal separation of plasma from blood cells, and then the
return of the cells to the body with a plasma substitute. In this way, harmful plasma constituents are
removed. Early studies of PLEX in rapidly progressive glomerulonephritis predominantly due to AAV
have had mixed results.15–18 These studies had heterogeneous treatment regimens, small sample sizes
and short follow-up periods.

The Methylprednisolone versus Plasma Exchange (MEPEX) trial examined the effect of PLEX on renal
recovery for patients with renal failure due to AAV.14 This trial compared PLEX with intravenous (i.v.)
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FIGURE 1 Differences in long-term renal survival (ESRD or death) on the basis of eGFR at baseline for patients with
AAV enrolled in three randomised trials. The dark blue line represents patients with an eGFR of ≤ 50 ml/minute/1.73 m2

body weight; the light blue line represents patients with an eGFR of > 50 ml/minute/1.73 m2 body weight. Reproduced
with permission from the PEXIVAS protocol, version 1.0.1
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FIGURE 2 Differences in long-term renal survival (ESRD or death) on the basis of eGFR at baseline for patients
with AAV enrolled in two randomised trials with a baseline creatinine level of < 500 µmol/l. The dark blue line represents
patients with an eGFR of ≤ 50 ml/minute/1.73 m2 body weight; the light blue line represents patients with an eGFR of
> 50 ml/minute/1.73 m2 body weight. Reproduced with permission from the PEXIVAS protocol, version 1.0.1
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methylprednisolone as an addition to standard therapy for 137 incident patients with severe AAV,
which manifested as a creatinine level of > 500 µmol/l or dialysis dependency at presentation, and
demonstrated an absolute reduction in the development of ESRD of 24% [95% confidence interval (CI)
6.5% to 41%] after 12 months for patients treated with PLEX. There was no demonstrable difference
in the mortality rate at 12 months between those treated with PLEX and those treated with i.v.
methylprednisolone (there was a mortality rate of 25% in both groups). Long-term results from MEPEX
did not demonstrate a statistically significant difference between the treatment groups in terms of the
composite of ESRD or death (p = 0.57) (Figure 3).

The role of PLEX in patients with less severe renal dysfunction at the time of presentation is even
more unclear. Exploratory work found that patients with a renal biopsy demonstrating active lesions
were the most likely to benefit from PLEX.19 In patients who do not have advanced, chronic renal
injuries, the rapid disease control afforded by PLEX may prevent renal (or other vital organ) scarring
and, thus, the cascade of glomerulosclerosis and hyperfiltration that perpetuates renal injury.

Plasma exchange is also widely used for patients with lung haemorrhage due to AAV. This practice
comes from cohort data in AAV and experience with anti-glomerular basement membrane disease,
but has never been rigorously tested and, in contemporary cohort data, appears effective in selected
subgroups of patients with lung haemorrhage by improving survival.20 However, PLEX has the potential
to exacerbate haemorrhage through the removal of clotting factors and increase the risk of infection
through antibody removal. Therefore, its use in this indication demands critical appraisal.

A systematic review21 of PLEX in AAV identified nine randomised studies. The study populations were
skewed towards severe renal dysfunction and often included diseases other than AAV. A meta-analysis21

of the nine trials that reported death and ESRD outcomes showed a beneficial reduction of dialysis
dependency [relative risk (RR) 0.64, 95% CI 0.47 to 0.88], but no beneficial reduction of mortality
(RR 1.01, 95% CI 0.71 to 1.43). When considering the composite end point of death or dialysis, the RR
was 0.81 (95% CI 0.66 to 1.00) (Figure 4).

The treatment of anti-neutrophil cytoplasm antibody-associated vasculitis
with glucocorticoids

High-dose oral GCs were the standard of care for the treatment of AAV on the basis of cohort data3 prior
to the widespread use of cytotoxic medications and strategies for earlier diagnosis with ANCA testing.
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FIGURE 3 Results of long-term follow-up of the MEPEX study.11 MeP, methylprednisolone. Reproduced with permission
from the PEXIVAS protocol, version 1.0.1
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There is a complex relationship between GC dose and its effects on the immune system when it is used
as an immunosuppressive rather than as an anti-inflammatory agent.4 There is also an increasing trend
to reduce GC doses to mitigate their toxicity but maintain efficacy, a trend supported by laboratory
evidence of a ceiling effect of GC dosing with respect to anti-inflammatory properties.5 When combined
with cytotoxic medications, high-dose GCs may increase treatment-related toxicity, but add little to
therapeutic efficacy.

Infections in AAV are most common in the first 2 months of treatment, which is when GC doses are highest.
Although this relationship is confounded by disease activity and co-treatment with CYC, it is important to
note that infection rates fall in parallel with the decreasing GC dose despite the maintenance of constant
immunosuppression. Dose-dependent increases in infections are also observed in rheumatoid arthritis and
lupus nephritis.6,7 Furthermore, high cumulative doses of GCs are associated with osteoporosis, infections,
cardiovascular disease and gastrointestinal bleeding.6,7 Despite the association of higher GC doses and
adverse events, and despite the widespread use of GCs, there is a paucity of literature to guide the optimal
dosing of GCs in AAV.

Clinical trials in anti-neutrophil cytoplasm antibody-associated vasculitis

A clinical trial conducted by the Medical Research Council from the late 1950s22 of cortisone in
polyarteritis nodosa, a form of systemic vasculitis, and funded by the Medical Research Council, found
an increase in rate of survival at 1 year, with the benefit lost by the second year because of GC-related
complications. Eligibility for subsequent trials was influenced by prevalent classification systems, and
the first trials of AAV, including GPA and MPA, occurred in the 1990s. These trials were either single
centre, with around 50 subjects, or international, with EUVAS launching a sequence of randomised
controlled trials that aimed to harmonise therapies across patient subgroups defined by disease extent
and severity.23 The trials were open label, but used central randomisation and stratification, and developed
an approach to disease assessment based on scoring tools for activity [Birmingham Vasculitis Activity
Score/Wegener’s Granulomatosis version (BVAS/WG)], all-cause damage [Vasculitis Damage Index (VDI)]
and quality of life. Sample sizes were 100–160 patients, with end points based around disease remission
or relapse. In the 2000s, North American investigators conducted two academic trials, with industry

Study (reported in Walsh et al.21)
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FIGURE 4 Meta-analysis of nine studies, including 387 patients, examining the effect of adjunctive PLEX on the end
point of ESRD or death in patients with rapidly progressive glomerulonephritis. Reproduced with permission from the
PEXIVAS protocol, version 1.0.1
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support, of newer biologic agents: etanercept (WGET24) and rituximab (RAVE25). These were multicentre
and double blind and included 150–200 patients, with RAVE leading to the licensing of rituximab for AAV,
which remains the only licensed drug for this indication. Pharmaceutical company trials began in the
late 1990s with international, multicentre, Phase II studies of anisperimus, deoxyspergualin, belimumab
(Benlysta; GlaxoSmithKline, Dublin, Ireland) and avacopan (Thaneos; ChemoCentryx Inc., San Carlos, CA,
USA).26 These adopted the disease assessment tools developed by the EUVAS group.27,28 Only one study,29

with avacopan, has proceeded to Phase III. A North American Consortium [Vasculitis Clinical Research
Consortium (VCRC)] now co-ordinates a portfolio of clinical studies. The vasculitis research experience,
which covers over 20 years of multiple international centres and close working between EUVAS and
VCRC, provided the background for the PEXIVAS study.

Nature and delivery of the intervention

Plasma exchange was developed for the removal of pathogenic plasma constituents, such as antibodies,
in the 1970s. It requires the extracorporeal separation of plasma from blood, discarding of plasma and
replacement with a compatible fluid, such as an albumin solution. The modalities include plasma filtration,
in which plasma proteins are filtered but larger blood components are retained, and centrifugation, in
which blood components are separated by density. Centrifugation is also used to extract platelet and
white cell fractions, and leads to a more complete removal of macromolecules and cell microparticles than
filtration. Both modalities remove coagulation factors and immunoglobulin, and some form of coagulation
monitoring, with factor replacement for high-risk individuals, is employed. Because there is a distribution
of most soluble plasma constituents throughout the extracellular volume, PLEX is administered in daily
or alternate-day procedures, allowing the re-equilibration of components between procedures. In this
way, five to seven procedures of one to two plasma volumes will remove a plasma constituent, such as
immunoglobulin G (IgG), by 80–90%. The extracorporeal circuit requires i.v. access, and usually involves
the central cannulation of the internal jugular, subclavian or femoral veins, with attendant risks of
haemorrhage, thrombosis, infection and pneumothorax. Volume replacement with albumin or plasma is
expensive; carries risks associated with blood products, including supply shortages and availability; and
can cause allergy, anaphylaxis, hypocalcaemia and transfusion-associated acute lung injury (TRALI).

Rationale for research

Circumstantial clinical data and robust experimental evidence support a pathogenic role for ANCA,
but other plasma constituents, including platelet and endothelial microparticles, complement and
coagulation factors, and cytokines, are also involved in the pathology of vasculitis.30 PLEX has been
used as a treatment for vasculitis since before the discovery of ANCA, and available evidence indicates
a potential role in improving the rate of renal recovery in severe renal vasculitis and reducing the
mortality rate of lung haemorrhage due to vasculitis.15 In view of the expense and risks associated
with PLEX, there is a need for higher-quality evidence to guide treatment decisions. Although GCs
are a central component of vasculitis treatment protocols, their associated toxicity contributes to
the morbidity, incapacity and mortality rate of vasculitis. Better evidence is required to optimise the
balance between efficacy and safety in GC dosing.

Aims and objectives

Primary objectives
The PEXIVAS trial aimed to determine the clinical efficacy of PLEX in addition to immunosuppressive
therapy and GCs with respect to reducing the risk of death and ESRD. It also aimed to determine
whether or not a reduced-dose GC regimen was non-inferior to a standard-dose regimen with respect
to death and ESRD.
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Secondary objectives
Secondary objectives of the trial were to determine the clinical efficacy of PLEX and reduced-dose
GCs for sustained remission of vasculitis, death and ESRD as separate outcomes; and to determine
the safety of PLEX and reduced-dose GCs, assessed using serious adverse event (SAE) and serious
infection rates. PEXIVAS also investigated the impact of PLEX and reduced-dose GCs on health-related
quality of life.
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Chapter 2 Trial design and methods

Parts of this chapter have been reproduced with permission from the PEXIVAS protocol version 1.0.1

PEXIVAS was an international, multicentre, open-label factorial design randomised control trial in
GPA and MPA examining the effect of adjunctive PLEX on the composite end point of death and
ESRD, and the effect of a reduced-dose GC regimen compared with a standard-dose GC regimen on
the composite end point.

Eligible patients were randomised to one of four groups:

1. PLEX and standard-dose GC
2. PLEX and reduced-dose GC
3. no PLEX and standard-dose GC
4. no PLEX and reduced-dose GC.

Randomisation to each intervention was in a 1 : 1 ratio, stratified by the other intervention. Patients
were randomised to receive adjunctive PLEX or no PLEX, and randomised to receive either a standard
or reduced GC dose (Figure 5). All patients received standard immunosuppressive induction therapy with
either CYC or rituximab. The primary outcome of the trial was a composite of all-cause mortality or ESRD.

Number of centres and participants

PEXIVAS recruited from 95 centres in Europe, North America, Japan and Australia/New Zealand and
aimed to recruit 500 patients with AAV over 5 years, which was extended to 700 patients over 7 years
because of a lower than anticipated event rate.

Severe�AAV

Standard�therapy�with
cyclophosphamide�or�rituximab

Adjunctive�plasma
exchange

No
plasma�exchange

Standard-dose
glucocorticoids

Standard-dose
glucocorticoids

Reduced-dose 
glucocorticoids

Reduced-dose 
glucocorticoids

FIGURE 5 General schema of randomisation. Reproduced with permission from the PEXIVAS protocol, version 1.0.1
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Methods to protect against bias

Participants were allocated to the interventions in a 1 : 1 ratio by a central randomisation facility,
utilising a computerised minimisation algorithm. The algorithm was not made available to investigators.
Equal numbers of patients were to receive PLEX or no PLEX, and standard-dose GCs or reduced-dose GCs.
Allocation followed a minimisation scheme with the following strata:

l severity of renal disease at presentation [requiring dialysis or a creatinine level of ≥ 500 µmol/l
(5.6 mg/dl) vs. < 500 µmol/l]

l age (< 60 vs. ≥ 60 years)
l ANCA-binding specificity [proteinase 3 (PR3) vs. myeloperoxidase (MPO)]
l severity of lung haemorrhage (no haemorrhage, haemorrhage with blood oxygen saturation > 85%

on room air, or haemorrhage with blood oxygen saturation ≤ 85% on room air or ventilated)
l planned induction immunosuppression therapy to be used [i.v. CYC vs. oral CYC vs. rituximab].

Plasma exchange is an invasive procedure, generally requiring the placement of a large central venous
catheter and the use of a large, complex device, with additional monitoring and nursing care. Therefore,
it is difficult to blind patients or physicians to this treatment allocation. There was the potential for
treating physicians to alter their treatment on the basis of knowing whether or not the patient would
receive PLEX. This was partially controlled by randomly determining the GC regimen and predetermining
the immunosuppressive regimen. GC dosing was also not blinded and patients and physicians had
knowledge of the allocation group. Provision of the 1-year GC regimen in advance and regular
adherence checks were used to minimise risk of deviation from the regimen.

Study duration and evaluations
Each patient was followed to a common study close-out, with a planned minimum follow-up of
12 months. With a predicted recruitment period of 7 years, the maximum duration of follow-up was
almost 8 years. Evaluation time points were at baseline, at 2, 4, 8, 12 and 26 weeks (induction of
remission period), and then at 9 and 12 months and every 6 months thereafter (maintenance of
remission period). Disease activity was assessed at each evaluation time point using the BVAS/WG.27

The BVAS/WG is a list of 35 items, grouped into 10 organ systems and scored if an item in the list
currently reflects active vasculitis. Items are categorised as major or minor and are scored 3 if major
and 1 if minor. The total score is the number of weighted items at each evaluation. The Short Form
questionnaire-36 items (SF-36) and EuroQoL-5 Dimensions (EQ-5D) were also assessed at baseline,
at 12, 26 and 52 weeks and then every 6 months. ‘All-cause’ damage was assessed using the Combined
Damage Assessment Index (CDA) at baseline, at 12 and 26 weeks and then every 6 months.28 The CDA
records 114 items of irreversible damage in 18 categories. An item has to be present for at least 3 months
to be scored on the CDA. Once scored, an item remains scored for the trial duration. The score is the
non-weighted total of the items checked at each evaluation.

Trial end points

The primary end point was the composite of all-cause mortality or ESRD. ESRD was defined as
the requirement for renal replacement therapy (haemodialysis or peritoneal dialysis) for at least
12 consecutive weeks or the receipt of a renal transplant.

The secondary end points were:

l sustained remission (i.e. remission defined as a BVAS/WG of 0, that occurred within the 6 months
after randomisation and lasted without relapse until 12 months after randomisation)

l all-cause mortality
l ESRD
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l SAEs
l serious infections, defined as an infectious syndrome that required i.v. antibiotics or hospitalisation

for treatment
l SF-36 physical composite score and mental composite score
l EQ-5D index score.

End points were ascertained at study assessments.

Treatments

Plasma exchange
Plasma exchange consisted of seven exchanges within 14 days of randomisation of at least 60 ml/kg
(based on body weight) per session using albumin (3–5% depending on local availability, with or without
crystalloid) as a replacement solution. The minimum replacement solution volume was 3000 ml. The
following parameters were determined in accordance with local practice:

l modality, centrifugation or filter separation technique (double filtration apheresis was not permitted)
l anticoagulation by citrate or heparin
l vascular access by central venous catheter, or peripheral access
l monitoring of coagulation parameters and immunoglobulin levels
l reduction of PLEX dose for PLEX-related complications.

Renal biopsy was avoided on the day of PLEX to minimise bleeding risk. Local practice was followed for
patients with active or recent bleeding, including lung haemorrhage. This could include fresh-frozen
plasma at the end of the exchange. Additional PLEX outside the protocol could be considered for
refractory disease after discussion with the trial medical monitor.

Glucocorticoids
All patients received between 1000 and 3000 mg (total dose) of i.v. methylprednisolone as one to three
daily pulses in the 14 days prior to or after entry into the trial; the dose was determined by the local
physician. Oral GC therapy consisted of non-enteric-coated prednisone or prednisolone at equivalent
doses, depending on patient weight categories (Table 1).

Immunosuppressive therapy
All patients received induction therapy with either CYC or rituximab. CYC was administered for
13–26 weeks, using either daily oral or pulsed i.v. routes, with dose reduction for age and renal
impairment (Tables 2 and 3). Modifications to dose and frequency were made for intolerance or
leucopenia. For patients in the PLEX group receiving i.v. CYC, the next PLEX was at least 24 hours
after the i.v. dose. For patients receiving PLEX and daily oral CYC, CYC was given following PLEX.
Concomitant use of mesna was optional.

Rituximab was administered at a dose of 375 mg/m2/week ×4, with the first dose within 14 days of
trial entry. Because rituximab as an antibody is removed by PLEX, at least two of the four doses were
given after the end of the PLEX course. Prophylaxis against infusion reactions employed 100 mg of i.v.
hydrocortisone and an antihistamine agent before the first rituximab infusion, and local guidelines
were followed for subsequent infusions.

Remission-maintenance immunosuppressive therapy
Patients who had completed at least 13 weeks of CYC treatment and achieved a clinical remission
(i.e. a BVAS/WG of 0) were converted to maintenance therapy with azathioprine at a target dose
of 2 mg/kg/day (rounded to the nearest 25 mg/day). Those who had an intolerance to azathioprine
received methotrexate or mycophenolate mofetil at their physician’s discretion.
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TABLE 1 Dosing for oral GC (prednisone or prednisolone; mg/day) in the standard-dose and reduced-dose regimens
(PEXIVAS protocol, version 1.0)1

Week

Standard Reduced

< 50 kg 50–75 kg > 75 kg < 50 kg 50–75 kg > 75 kg

Pulse Pulse Pulse Pulse Pulse Pulse

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

> 52 Investigators’ local practice Investigators’ local practice

Reproduced with permission from Walsh et al.13 This article is published under license to BioMed Central Ltd. This is an
Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.
org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.

TABLE 2 Pulse i.v. CYC schedule (PEXIVAS protocol, version 1.0)1

Time (weeks) Pulse number Dose (mg/kg)

0 1 15

2 2 15

4 3 15

7 4 15

10 5 15

13 6 15

16 7 15

19 8 15

22 9 15

25 10 15
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Treatment of resistant disease
Resistant disease was defined as active AAV that did not improve or worsened despite administration
of the allocated induction of remission therapy. A repeated course of i.v. methylprednisolone
(1000–3000 mg total dose) or high-dose oral prednisone/prednisolone (1 mg/kg/day for 1 week) was
administered in accordance with local practice.

Treatment of relapse
A major relapse was new or worsened disease activity that occurred after remission that involved a
major BVAS/WG item. Treatment with CYC or rituximab, additional doses of i.v. methylprednisolone
(up to 3000 mg) or an increase in oral prednisolone was recommended for a major relapse. A minor
relapse was new or worsening disease activity that did not involve a major BVAS/WG item and was
treated with up to 20 mg/day of prednisone or prednisolone for a maximum of 14 days.

Prophylactic therapies
Prophylaxis against GC-induced osteoporosis, in accordance with local guidelines, and Pneumocystis
jirovecii pneumonia infection with sulfamethoxazole-trimethoprim was recommended for at least 6 months.

Eligibility

Inclusion criteria
Inclusion required:

l a diagnosis of new or relapsing GPA or MPA consistent with the Chapel-Hill consensus definitions
l PR3-ANCA or MPO-ANCA positivity
l severe vasculitis defined as either –

¢ renal involvement characterised by renal biopsy demonstrating focal necrotising glomerulonephritis
or urine haematuria/cellular casts and proteinuria, and an eGFR of < 50ml/minute/1.73m2

¢ pulmonary haemorrhage due to active vasculitis, defined using a compatible chest X-ray or
computerised tomography (CT) scan (diffuse pulmonary infiltrates), with no alternative
explanation, and at least one of:

¢ alveolar haemorrhage on bronchoscopic examination
¢ increasingly bloody returns with bronchoalveolar lavage
¢ observed haemoptysis
¢ unexplained anaemia (< 10 g/dl)
¢ documented drop in haemoglobin (> 1 g/dl) from < 10 g/dl
¢ an increased diffusing capacity of carbon monoxide.

l informed consent from patient or a surrogate decision-maker.

TABLE 3 Oral and i.v. CYC dose adjustments (mg/kg) for age and renal impairment (PEXIVAS protocol, version 1.0)1

Age

Oral CYC i.v. CYC

eGFR (ml/minute/1.73 m2) eGFR (ml/minute/1.73 m2)

> 30 ≤ 30 > 30 ≤ 30

< 60 2 1.5 15 12.5

60–70 1.5 1.25 12.5 10

> 70 1.25 1 10 7.5
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In some participating countries, permission from ethics committees was granted to use deferred
consent for enrolling a patient until a legal representative became available to consent on their behalf
or the patient was capable of consenting.

Exclusion criteria

l A diagnosis of vasculitis other than GPA or MPA.
l A positive serum result for anti-glomerular basement membrane antibody test or renal biopsy

demonstrating linear glomerular immunoglobulin deposition.
l Receipt of dialysis for > 21 days immediately prior to randomisation, or prior renal transplant.
l Age ≤ 15 years (or age < 18 years at centres that do not treat paediatric patients).
l Pregnant at time of study entry.
l Treatment with more than one i.v. dose of CYC and/or > 14 days of oral CYC and/or > 14 days of

prednisone/prednisolone (> 30 mg/day) and/or more than one dose of rituximab within the 28 days
immediately prior to randomisation.

l A comorbidity or condition that, in the opinion of the investigator, precluded the use of CYC/
rituximab, GCs or PLEX, or that absolutely mandated the use of PLEX.

l PLEX in the 3-month period prior to randomisation.

Sample size

Sample size estimation
The sample size was event driven to detect a hazard ratio (HR) of 0.64 (PLEX vs. no PLEX), with 80%
power and a two-sided alpha of 0.05. Protocol versions 1.05 and 2.0 estimated a required sample size
of 500, predicting 164 events over the study period, which was equivalent to an absolute difference in
the risk of the primary end point at 5 years of 12%, i.e. 44% in the no-PLEX group, compared with 38%
in the PLEX group (overall risk reduction of 38%). This sample size estimate assumed a median time
to ESRD or death of 5 years on the basis of previous extended follow-up studies in randomised trials
of AAV of a similar severity to those targeted in this study (see Figure 1). A review of the PEXIVAS
event rates in 2014 indicated a 2-year event rate of 24% and predicted an overall 5-year event rate of
30–35%. Improvements in death and ESRD have been recently reported in registry studies. To obtain
the required number of events, the sample size was increased to 700 patients, allowing a 10% loss to
follow-up or crossover between treatment groups. It was planned for the trial to enrol 700 patients
over a 7-year period to observe at least 160 events. These calculations assumed no significant interaction
between the two treatment factors. Although this absolute risk appears larger than is often clinically
significant, the expensive and invasive nature of the primary intervention, PLEX, warranted a relatively
large effect size. Additionally, this effect size is close to the estimated effect of PLEX in the meta-analysis
of prior studies (i.e. 80% power to detect a RR reduction of 27% with our sample size compared with a
RR reduction of 20% in the meta-analysis).

Although this effect size appeared reasonable to detect for PLEX, it was unlikely that a reduction in GCs
would result in a 12% absolute risk reduction of death or dialysis. It was expected that 25% of patients
would experience a severe infection based on prior studies. A sample size of > 700 patients allowed
80% power to detect at least a 10% absolute risk reduction in severe infections (RR reduction of severe
infection by 40%), which would be a finding of clinical significance. In terms of the non-inferiority
hypothesis, a sample size of 700 patients would allow > 80% power to ensure that the reduced-dose GC
regimen resulted in an increase in ESRD or death by no more than 11% (one-sided alpha of 0.05).

Statistical methods

Interim analyses
Annual interim analyses of efficacy and safety data were undertaken and reported to the independent
Data Monitoring Committee (DMC)/Data Safety Monitoring Board (DSMB). The Haybittle–Peto approach
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was used, whereby all interim analyses used a difference of 3 standard errors (approximately p = 0.002)
as a stopping guideline.

Primary end-point analyses
The primary outcome was a composite of all-cause mortality or ESRD. The primary comparison groups
were composed of those randomised to PLEX and those randomised to no PLEX (comparison 1) and
those randomised to a reduced-dose GC regimen and those randomised to a standard-dose GC regimen
(comparison 2).

The comparison of PLEX and no PLEX was based on the intention-to-treat (ITT) analysis population using
a time-to-event analysis (time from randomisation to death and/or ESRD). The primary outcome was
compared between treatment groups using survival analysis methods. Kaplan–Meier survival curves
were constructed for visual presentation of time-to-event comparisons. A Cox proportional hazards
model was fitted to obtain an adjusted HR and 95% CI. The analyses were adjusted for both treatment
group parameters and all of the minimisation variables. Any patient randomised to the PLEX group who
had received at least one PLEX within 14 days of randomisation was considered compliant. In addition, if
any patient randomised to the PLEX group died within 14 days of randomisation and did not receive any
PLEX, they were classed as compliant with PLEX based on the intention to undergo PLEX. Any patient
randomised to the no-PLEX group who received any PLEX was considered non-compliant.

The comparison of reduced-dose and standard-dose GC was based on a non-inferiority hypothesis, with
a non-inferiority margin of an 11% absolute risk increase. An ITT analysis can increase the risk of falsely
claiming non-inferiority.31 Therefore, for the assessment of whether or not a reduced-dose GC regimen
was non-inferior to a standard-dose GC regimen with respect to the primary outcome (only), a per-
protocol analysis was undertaken for the primary analysis. The absolute risks in each group reaching the
primary outcome using the binary outcome of death and/or ESRD were calculated using the complete
follow-up data. A binomial model was fitted to obtain the adjusted risk difference and 90% CI, adjusting
for both treatment group parameters and all of the minimisation variables. If the 90% CI excluded an
11% increase, then non-inferiority was claimed. In addition to the absolute risk difference, the adjusted
HR and 95% CI from the Cox proportional hazards model using the ITT analysis population was also
calculated. Compliance with the GC regimen was defined for patients randomised to the reduced-dose
GC group as receiving ≤ 130% of the cumulative oral dose of the reduced-dose GC regimen in the first
6 months of therapy. Compliance for patients randomised to the standard-dose GC group was defined
as receiving ≥ 70% of the cumulative oral dose of the standard-dose GC regimen in the first 6 months
of therapy.

It was expected a priori that no interaction between treatments would be identified, but if one was
found, this was considered a chance finding. Therefore, although a test for interaction was undertaken,
it was interpreted with caution, and a test for interaction was carried out for the primary outcome only.

There was a risk of patients randomised to the no-PLEX group crossing over to the PLEX group,
and vice versa, although this practice was discouraged. Similarly, there was a risk that patients may
receive a dose of GC appreciably different from the dose to which they were allocated. The primary
ITT and per-protocol analyses dealt with these crossovers in a conservative manner (bias to the null).
Sensitivity analyses were performed to explore the potential of these crossovers to reduce the true
magnitude of treatment effects. These analyses included per-protocol and ITT analyses (for the PLEX
and GC comparisons, respectively).

Secondary end-point analyses
All analyses of secondary end points for both the PLEX and no-PLEX groups and the reduced-dose
versus standard-dose GC comparisons used the ITT analysis population.
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Sustained remission
Disease activity was analysed in terms of sustained remission. Participants were considered to have
achieved sustained remission if they had a BVAS/WG of zero (complete remission) within 26 weeks
of randomisation and maintained a BVAS/WG of zero without evidence of relapse from complete
remission until at least 52 weeks after randomisation. The number and percentage of participants who
achieved a sustained remission were calculated for each group and an adjusted RR and 95% CI were
estimated using a log-binomial regression model.

Death and end-stage renal disease
Death and ESRD were analysed as separate end points using survival analysis methods identical to
those described for the primary composite end point for the PLEX versus no-PLEX comparison.

Serious adverse events
The number and percentage of participants experiencing at least one SAE were analysed as categorical
binary (yes/no) variables, and adjusted RRs and 95% CIs were estimated using a log-binomial model.
A more complex model of SAE occurrences was constructed utilising SAE as a count variable. The
number of SAEs that a participant experienced was analysed using a Poisson regression or negative
binomial regression model (if there was evidence of overdispersion), with an offset for the length of
time that the participant was in the trial included in the model, to obtain an adjusted incidence rate
ratio (IRR) and 95% CI.

Serious infections
The rate of serious infections was assessed for the first year of the trial and at trial end. The number of
serious infections that a participant experienced was analysed using a Poisson regression model or a
negative binomial regression model (if there was evidence of over dispersion), with an offset for the length
of time that the participant was in the trial included in the model, to obtain an adjusted IRR and 95% CI.

Quality-of-life measures
Quality-of-life data, obtained using the SF-36 and EQ-5D, were analysed using mixed-effect repeated-
measures models with the two treatment group parameters, the minimisation variables and the
baseline scores included as covariates in the model. Time was included as a continuous variable in the
model. In the initial model, a treatment by time cross-term was included; if this was not statistically
significant, it was considered that the treatment effect was constant over time, and models without the
treatment by time cross-term were fitted.

Subgroup analyses
Several a priori subgroup analyses were planned with respect to the end point of time to death and/or
ESRD using the ITT analysis populations for both PLEX and no PLEX and the reduced-dose versus
standard-dose GC comparisons. The subgroups were defined as each of the variables included
in the randomisation minimisation variables (see Methods to protect against bias). The effects of these
subgroups were examined by including the relevant subgroup-by-treatment interaction term in the Cox
proportional hazards model for each subgroup analysis to explore whether or not there was evidence
that the treatment effects (PLEX vs. no PLEX, or reduced-dose vs. standard-dose GCs) differed across
the subgroup strata.

Exploratory analyses
Owing to the possibility that the investigational treatments may have a considerable effect on early
mortality and renal function, analyses of the primary outcome (the composite of death and ESRD) were
performed after censoring data at the 12-month follow-up.

To assess the efficacy of PLEX for autoantibody removal, the proportion of patients who were ANCA
negative at 2 and 4 weeks after trial entry was assessed for each treatment comparison.

TRIAL DESIGN AND METHODS
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Because lung haemorrhage is the major cause of early death in AAV, we performed an additional post
hoc subgroup analysis for severity of lung haemorrhage for the outcome of mortality at any stage
during the trial for the two randomisations.

All analyses were adjusted for the two treatment group parameters, the minimisation variables (i.e. age,
ANCA subtype, severity of renal failure, presence and severity of lung haemorrhage and planned type
of induction immunosuppression therapy) and baseline values where available (e.g. the quality-of-life
analyses). The no-PLEX and standard-dose GC groups were used as the reference groups. All estimates
of differences between groups are presented with two-sided 95% CIs (unless otherwise specified), with a
p-value of < 0.05 considered statistically significant, unless otherwise stated. No corrections for multiple
tests were made. The statistical analyses were undertaken in SAS® (SAS Institute Inc., Cary, NC, USA)
and Stata® (StataCorp LP, College Station, TX, USA).
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Chapter 3 Results

Recruitment information

A total of 704 participants were recruited by 95 international sites across 10 European Union member
states, Australia, Canada, Japan, Mexico, the USA and New Zealand, from July 2010 to September 2016
(Figures 6 and 7 and Table 4). Patients were followed to a common close-out in July 2017, with a median
follow-up of 2.9 years.

Flow of participants in the trial

Of the 704 patients recruited to the trial, 352 were randomised to both the PLEX group and no-PLEX
group, and 353 and 351 were randomised to the reduced-dose GC group and standard-dose GC group,
respectively. The protocol compliance was 96% for the PLEX group and 92% for the no-PLEX group.
Seventeen (4.8%) patients were withdrawn or lost to follow-up prior to reaching ESRD or death in the
PLEX group, compared with 11 (3.1%) in the no-PLEX group. Of those who received PLEX, the modality
was centrifugation in 60% and filtration in 40%. The compliance rates with the allocated GC regimen
were 94% and 93% for the reduced-dose GC regimen and the standard-dose GC regimen, respectively,
with 11 (3.1%) and 17 (4.8%) patients being withdrawn or lost to follow-up prior to reaching ESRD or
death in the reduced-dose GC group and the standard-dose GC group, respectively (Figures 8 and 9).

Baseline comparability

The randomisation groups were well balanced for baseline variables, in line with the minimisation
strategy. The baseline demographic and disease-related data are summarised in Table 5 according to
treatment allocation.

FIGURE 6 PEXIVAS participating sites. Reproduced with permission from Google Maps (Google Inc., Mountain View,
CA, USA). © 2018 Google.
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FIGURE 7 Actual vs. expected recruitment rates.

TABLE 4 Recruitment by country

Country Centres (n) Patients recruited (n)

Canada 9 191

UK 19 179

Australia 17 94

Denmark 4 57

France 17 52

USA 8 39

Italy 2 26

Japan 5 12

Czechia 1 10

New Zealand 4 10

Sweden 3 9

Norway 2 8

Mexico 1 7

Poland 1 7

Spain 1 2

Belgium 1 1

Total 95 704

RESULTS
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Randomised
(n = 704)

PLEX
(n = 352)

Compliant, n = 338 (96%)
Not�compliant, n = 14�(4%)

Withdrawals or�lost�to�follow-ups
prior�to reaching�ESRD�or�death���

• Before�1�year, n = 10
• Within�1–2�years, n = 3
• Within�2–3�years, n = 1
• Within�3–4�years, n = 2
• Within�4–5�years, n = 1
• Within�5–6�years, n = 0

Withdrawals�or�lost�to�follow-ups
prior�to reaching�ESRD�or�death

• Before�1�year, n = 6
• Within�1–2�years, n = 1
• Within�2–3�years, n = 1
• Within�3–4�years, n = 1
• Within�4–5�years, n = 1
• Within�5–6�years, n = 1

• ITT�population, n = 352
• Per-protocol�population, n = 338

• ITT�population, n = 352
• Per-protocol�population, n = 322

• Received ≥ 7 PLEXs, n = 317�(90%)
• Received 1–6 PLEXs, n = 20�(6%)�
• Received no PLEX, n = 15�(4%)�

No PLEX
(n = 352)

Compliant, n = 322 (92%)
Not�compliant, n = 30�(8%)

• Received ≥ 7 PLEXs, n = 15�(4%)
• Received 1–6 PLEXs, n = 15�(4%)�
• Received no PLEX, n = 322�(92%)�

FIGURE 8 The Consolidated Standards of Reporting Trials (CONSORT) flow diagram for PLEX randomisation.

Randomised
(n = 704)

Standard-dose�GC
(n = 351)

Reduced-dose�GC
(n = 353)

• Compliant, n = 330 (94%)
• Not�compliant, n = 4�(1%)
• Unable�to�determine, n = 19�(5%)�

• Compliant, n = 325�(93%)
• Not�compliant, n = 8�(2%)
• Unable�to�determine, n = 18�(5%)�

Withdrawals or�lost�to�follow-ups
prior�to reaching�ESRD�or�death���

• Before�1�year, n = 7
• Within�1–2�years, n = 2
• Within�2–3�years, n = 1
• Within�3–4�years, n = 1
• Within�4–5�years, n = 0
• Within�5–6�years, n = 0

Withdrawals�or�lost�to�follow-ups
prior�to reaching�ESRD�or�death

• Before�1�year, n = 9
• Within�1–2�years, n = 2
• Within�2–3�years, n = 1
• Within�3–4�years, n = 2
• Within�4–5�years, n = 2
• Within�5–6�years, n = 1

• ITT�population, n = 353
• Per-protocol�population, n = 330

• ITT�population, n = 351
• Per-protocol�population, n = 325

FIGURE 9 The CONSORT flow diagram for GC randomisation.
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TABLE 5 Baseline data

Variable PLEX (N= 352) No PLEX (N= 352)
Reduced-dose GCs
(N= 353)

Standard-dose GCs
(N= 351) Total (N= 704)

Age, mean (SD) 62.8 (14.4) 63.5 (13.7) 63.3 (14.2) 63.1 (13.9) 63.2 (14)

Gender, n (%)

Male 203 (57.7) 194 (55.1) 197 (55.8) 200 (57) 397 (56.4)

Female 149 (42.3) 158 (44.9) 156 (44.2) 151 (43) 307 (43.6)

Ethnicity, n (%)

South Asian 7 (2) 15 (4.3) 7 (2) 15 (4.3) 22 (3.1)

Chinese 1 (0.3) 5 (1.4) 2 (0.6) 4 (1.1) 6 (0.9)

Japanese 6 (1.7) 6 (1.7) 8 (2.3) 4 (1.1) 12 (1.7)

Other Asian 0 (0) 2 (0.6) 0 (0) 2 (0.6) 2 (0.3)

Arab 0 (0) 1 (0.3) 1 (0.3) 0 (0) 1 (0.1)

Black African 4 (1.1) 2 (0.6) 2 (0.6) 4 (1.1) 6 (0.9)

Mixed-race African 0 (0) 1 (0.3) 0 (0) 1 (0.3) 1 (0.1)

European 281 (79.8) 279 (79.3) 278 (78.8) 282 (80.3) 560 (79.5)

Native North/South American 16 (4.5) 7 (2) 15 (4.2) 8 (2.3) 23 (3.3)

Latin American 5 (1.4) 5 (1.4) 6 (1.7) 4 (1.1) 10 (1.4)

Other black 5 (1.4) 2 (0.6) 1 (0.3) 6 (1.7) 7 (1)

Other 24 (6.8) 26 (7.4) 30 (8.5) 20 (5.7) 50 (7.1)

Missing 3 (0.9) 1 (0.3) 3 (0.8) 1 (0.3) 4 (0.6)

Medical history, n (%)

Hypertension (yes) 171 (48.6) 187 (53.1) 179 (50.7) 179 (51) 358 (50.9)

Ischaemic heart disease (yes) 34 (9.7) 34 (9.7) 34 (9.6) 34 (9.7) 68 (9.7)

Diabetes (yes) 52 (14.8) 57 (16.2) 43 (12.2) 66 (18.8) 109 (15.5)

Pulmonary disease (yes) 65 (18.5) 60 (17) 57 (16.1) 68 (19.4) 125 (17.8)

Cerebrovascular disease (yes) 16 (4.5) 18 (5.1) 15 (4.2) 19 (5.4) 34 (4.8)

Peripheral vascular disease (yes) 11 (3.1) 10 (2.8) 12 (3.4) 9 (2.6) 21 (3)

Venous thromboembolic disease (yes) 14 (4) 16 (4.5) 15 (4.2) 15 (4.3) 30 (4.3)
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Variable PLEX (N= 352) No PLEX (N= 352)
Reduced-dose GCs
(N= 353)

Standard-dose GCs
(N= 351) Total (N= 704)

Malignancy (yes) 25 (7.1) 35 (9.9) 35 (9.9) 25 (7.1) 60 (8.5)

Smoking (yes) 64 (18.2) 70 (19.9) 60 (17) 74 (21.1) 134 (19.0)

Prior history of AAV (yes) 35 (9.9) 28 (8.0) 34 (9.6) 29 (8.3) 63 (8.9)

ANCA, n (%)

PR3 positive 143 (40.6) 143 (40.6) 143 (40.5) 143 (40.7) 286 (40.6)

MPO positive 209 (59.4) 209 (59.4) 210 (59.5) 208 (59.3) 418 (59.4)

ESR (mm/hour), n (%) 163 (46.3) 178 (50.6) 181 (51.3) 160 (45.6) 341 (48.4)

Median (IQR) 74 (48–102) 72.5 (50–101) 71 (47–99) 78 (51–106) 74 (49–101)

CRP (mg/l), n (%) 280 (79.5) 296 (84.1) 286 (81) 290 (82.6) 576 (81.8)

Median (IQR) 50.9 (13.8–122.8) 42.1 (14–97.2) 44.6 (13–117) 45.5 (14–98) 45 (14–110.5)

Haemoglobin (g/l), n (%) 348 (98.9) 349 (99.1) 349 (98.9) 348 (99.1) 697 (99)

Median (IQR) 94 (83–105) 95 (85–105) 95 (84–105) 95 (84.5–105) 95 (84–105)

Creatinine level at randomisation, n (%) 349 (99.1) 351 (99.7) 350 (99.2) 350 (99.7) 700 (99.4)

Median (IQR) 327 (206–491) 335.9 (209–495) 320 (190–480) 335 (219–502) 327.4 (206–494.5)

< 500 µmol/l, n (%) 251 (71.3) 248 (70.5) 251 (71.1) 248 (70.7) 499 (70.9)

≥ 500 µmol/l or on dialysis, n (%) 101 (28.7) 104 (29.5) 102 (28.9) 103 (29.3) 205 (29.1)

On dialysis, n (%) 66 (18.8) 74 (21) 67 (19) 73 (20.8) 140 (19.9)

Lung haemorrhage, n (%)

No haemorrhage 257 (73) 256 (72.7) 257 (72.8) 256 (72.9) 513 (72.9)

Not severe 64 (18.2) 66 (18.8) 65 (18.4) 65 (18.5) 130 (18.5)

Severe 31 (8.8) 30 (8.5) 31 (8.8) 30 (8.5) 61 (8.7)

Treatment prior to randomisation

i.v. methylprednisolone (mg), n (%) 259 (73.6) 260 (73.9) 264 (74.8) 255 (72.6) 519 (73.7)

Median (IQR) 1500 (1000–3000) 1500 (1000–3000) 1500 (1000–3000) 1500 (1000–3000) 1500 (1000–3000)

i.v. CYC (mg), n (%) 55 (15.6) 46 (13.1) 52 (14.7) 49 (14) 101 (14.3)

Median (IQR) 900 (600–1000) 892.5 (750–1000) 923.5 (750–1000) 830 (600–1000) 900 (700–1000)
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TABLE 5 Baseline data (continued )

Variable PLEX (N= 352) No PLEX (N= 352)
Reduced-dose GCs
(N= 353)

Standard-dose GCs
(N= 351) Total (N= 704)

Oral CYC (mg) , n (%) 64 (18.2) 64 (18.2) 55 (15.6) 73 (20.8) 128 (18.2)

Median (IQR) 100 (75–137.5) 100 (75–125) 100 (75–125) 100 (75–150) 100 (75–125)

Rituximab (mg), n (%) 16 (4.5) 11 (3.1) 17 (4.8) 10 (2.8) 27 (3.8)

Median (IQR) 740 (675–925) 700 (600–850) 750 (700–950) 675 (600–750) 730 (650–850)

AAV organ involvement,a n (%)

Cutaneous 37 (10.5) 39 (11.1) 34 (9.6) 42 (12) 76 (10.8)

Mucous membranes/eyes 30 (8.5) 36 (10.2) 30 (8.5) 36 (10.3) 66 (9.4)

Ear, nose and throat 95 (27) 103 (29.3) 98 (27.8) 100 (28.5) 198 (28.1)

Cardiovascular 6 (1.7) 4 (1.1) 5 (1.4) 5 (1.4) 10 (1.4)

Gastrointestinal 2 (0.6) 2 (0.6) 1 (0.3) 3 (0.9) 4 (0.6)

Pulmonary 145 (41.2) 149 (42.3) 147 (41.6) 147 (41.9) 294 (41.8)

Renal 342 (97.2) 349 (99.1) 346 (98) 345 (98.3) 691 (98.2)

Nervous system 37 (10.5) 25 (7.1) 33 (9.3) 29 (8.3) 62 (8.8)

Other 61 (17.3) 59 (16.8) 59 (16.7) 61 (17.4) 120 (17)

BVAS/WG

Mean (SD) 9.3 (3.5) 9.3 (3.5) 9.1 (3.4) 9.5 (3.6) 9.3 (3.5)

Median (IQR) 9 (7–11) 9 (7–11) 9 (7–11) 9 (7–11) 9 (7–11)

BVAS/WG major items

Mean (SD) 7.1 (2.7) 6.9 (2.5) 6.8 (2.6) 7.2 (2.6) 7 (2.6)

Median (IQR) 6 (6–9) 6 (6–9) 6 (6–9) 6 (6–9) 6 (6–9)

CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; IQR, interquartile range; SD, standard deviation.
a Not mutually exclusive.

Note
Bold indicates the minimisation criteria that were used in randomisation.
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Missing data

Data return was good for the first year, then progressively reduced over the course of the trial.
Illustrative data for follow-up forms confirmed a 99% return in the first year, falling to 93% after 4 years.
Where forms were not available, primary end-point data (i.e. data on death or ESRD) were returned for
all patients remaining in the trial (Table 6).

Primary outcome

The primary outcome was a composite of all-cause mortality or ESRD.

Plasma exchange versus no plasma exchange
The primary comparison of PLEX versus no PLEX was based on the ITT analysis population, using a
time-to-event analysis (i.e. time from randomisation to death or ESRD). A total of 100 patients in the
PLEX group and 109 patients in the no-PLEX group reached the primary end point (HR 0.86, 95% CI
0.65 to 1.13; p = 0.3) (Table 7 and Figure 10). There was no evidence of a treatment interaction (p = 0.7).
The per-protocol analysis produced similar results (HR 0.85, 95% CI 0.64 to 1.13; p = 0.3) (see Table 7).

TABLE 6 Follow-up forms expected vs. actually completed

Follow-up assessment point Forms expected (n) Forms returned (n) Form return rate (%)

2 weeks 686 677 99

4 weeks 672 666 99

8 weeks 662 655 99

12 weeks 655 650 99

26 weeks 642 633 99

39 weeks 633 618 98

52 weeks 622 614 99

18 months 556 544 98

24 months 477 466 98

30 months 422 407 96

36 months 363 344 95

42 months 292 270 92

48 months 226 210 93

54 months 173 159 92

60 months 137 126 92

66 months 87 72 83

72 months 45 35 78

78 months 18 13 72

84 months 5 3 60
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Reduced-dose glucocorticoids versus standard-dose glucocorticoids regimen
Overall, 107 patients in the reduced-dose GCs group and 102 patients in the standard-dose GCs group
reached the primary end point. The comparison of reduced-dose GCs and standard-dose GCs was a
non-inferiority hypothesis, with a non-inferiority margin of an 11% absolute risk increase, expressed as
the reduced-dose GCs group relative to the standard-dose GCs group. This analysis was based on the
GC per-protocol analysis population, with a binary outcome, using a binomial model. In the per-protocol
analysis population, 92 of the 330 patients in the reduced-dose GCs group and 83 of 325 patients in
the standard-dose GCs group reached the primary end point. The binomial model including both of the
treatment group parameters and the minimisation variables did not converge, so a partially adjusted
model was fitted that included the two treatment group parameters only. The absolute risk difference
between the groups was 0.023 (90% CI –0.034 to –0.08; p = 0.5). This met our predefined non-inferiority
criteria for the reduced-dose GC regimen. An analysis of time to death or ESRD using the ITT population
was also undertaken (HR 1.00, 95% CI 0.76 to 1.31; p = 0.998) (Table 8 and Figure 11).

TABLE 7 Primary outcome for PLEX vs. no PLEX

ITT population
PLEX
(N= 352)

No PLEX
(N= 352) HRa (95% CI) p-value

Interaction
p-value

Event, n (%)

No 252 (72) 243 (69) 0.86 (0.65 to 1.13) 0.268 0.722

Yes 100 (28) 109 (31)

Per-protocol
population

PLEX
(N= 338)

No PLEX
(N= 322) HRa (95% CI) p-value

Interaction
p-value

Event, n (%)

No 243 (72) 223 (69) 0.85 (0.64 to 1.13) 0.266

Yes 95 (28) 99 (31)

a HR adjusted for both of the treatment group parameters and all of the minimisation variables. Values > 1 indicate
worse outcomes for the PLEX group.

Shading denotes that an interaction analysis (between the two interventions being tested) was not performed for the
per-protocol analyses.
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Secondary outcomes

All secondary outcomes were analysed as per the ITT principle.

Sustained remission
There was no difference in the proportion of patients who achieved sustained remission between the
PLEX group and the no-PLEX group, or between the reduced-dose GC group and the standard-dose
GC group (Table 9).

TABLE 8 Primary outcome for reduced-dose GCs vs. standard-dose GCs regimen

ITT population
Reduced-dose
GCs (N= 353)

Standard-dose
GCs (N= 351) HRa (95% CI) p-value

Interaction
p-value

Event, n (%)

No 246 (70) 249 (71) 1.00 (0.76 to 1.31) 0.998 0.722

Yes 107 (30) 102 (29)

Per-protocol
population

Reduced-dose
GCs (N= 330)

Standard-dose
GCs (N= 325)

Risk differenceb

(90% CI) p-value
Interaction
p-value

Event, n (%)

No 238 (72) 242 (74) 0.023 (–0.034 to 0.08) 0.507

Yes 92 (28) 83 (26)

a HR adjusted for both of the treatment group parameters and all of the minimisation variables. Values > 1 indicate
worse outcomes for the reduced-dose GC group.

b Risk difference adjusted for both of the treatment group parameters. Values > 0 indicate worse outcomes for the
reduced-dose GC group.

Shading denotes that an interaction analysis (between the two interventions being tested) was not performed for the
per-protocol analyses.
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All-cause mortality
There was no difference in the mortality rate between the PLEX group and the no-PLEX group, or
between the reduced-dose GCs group and the standard-dose GCs group (Table 10, and Figures 12
and 13). The reasons for death are shown in Table 11. The ‘other’ category was the most frequently
used, representing 46 different causes; infection was the most common single cause, with 20 events.
No comparisons of causes of death were made.

TABLE 9 Secondary outcome: sustained remission

Sustained remission, n (%) PLEX (N= 352) No PLEX (N= 352) RRa (95% CI) p-value

No 152 (43) 155 (44) 1.01 (0.89 to 1.15) 0.887

Yes 200 (57) 197 (56)

Sustained remission, n (%)
Reduced-dose GCs
(N= 353)

Standard-dose GCs
(N= 351) RRa (95% CI) p-value

No 149 (42) 158 (45) 1.04 (0.92 to 1.19) 0.505

Yes 204 (58) 193 (55)

a RR adjusted for both treatment group parameters and all of the minimisation variables. Values > 1 indicate better
outcomes for the PLEX group.

TABLE 10 All-cause mortality

Death
PLEX (N= 352),
n (%)

No PLEX (N= 352),
n (%) HRa (95% CI) p-value

No 306 (87) 299 (85) 0.87 (0.58 to 1.29) 0.482

Yes 46 (13) 53 (15)

Death
Reduced-dose GCs
(N= 353), n (%)

Standard-dose GCs
(N= 351), n (%) HRa (95% CI) p-value

No 307 (87) 298 (85) 0.78 (0.53 to 1.17) 0.231

Yes 46 (13) 53 (15)

a HR adjusted for both of the treatment group parameters and all of the minimisation variables. Values > 1 indicate
worse outcomes for the PLEX group and the reduced-dose GCs group.
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End-stage renal disease
No differences were seen in ESRD between the PLEX group and the no-PLEX group or between the
reduced-dose GCs group and the standard-dose GCs group (Table 12, and Figures 14 and 15).
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TABLE 11 Reasons for death

Reason for death PLEX No PLEX Reduced-dose GCs Standard-dose GCs Total

Infection 11 9 7 13 20

Pulmonary haemorrhage 0 3 2 1 3

Pulmonary embolus 1 2 2 1 3

Withdrawal of renal replacement therapy 1 6 4 3 7

Acute myocardial infarction 2 1 0 3 3

Sudden death (cause unknown) 3 4 4 3 7

Cerebrovascular disease 2 2 3 1 4

Cancer 3 3 2 4 6

Other (46 causes identified) 23 23 22 24 46

Total 46 53 46 53 99

TABLE 12 End-stage renal disease

ESRD PLEX (N= 352), n (%) No PLEX (N= 352), n (%) HRa (95% CI) p-value

No 285 (81) 281 (80) 0.81 (0.57 to 1.13) 0.208

Yes 67 (19) 71 (20)

ESRD Reduced-dose GCs (N= 353), n (%) Standard-dose GCs (N= 351), n (%) HRa (95% CI) p-value

No 283 (80) 283 (81) 0.96 (0.68 to 1.34) 0.795

Yes 70 (20) 68 (19)

a HR adjusted for both of the treatment group parameters and all of the minimisation variables. Values > 1 indicate
worse outcomes for the PLEX group and the reduced-dose GCs group.
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Serious adverse events
There were 1191 SAEs, reported in 449 of the 704 randomised patients, with infection being the
most common SAE (423 infections in 250 patients), followed by cardiovascular events (176 events in
124 patients) (Tables 13 and 14). There was no statistically significant difference in the proportion of
patients experiencing SAEs between the PLEX group (64%) and the no-PLEX group (64%) (Table 15), or
between the reduced-dose GCs group (65%) and the standard-dose GCs dose group (62%) (Table 16).

Serious infections
The rate of serious infections was assessed both for the first year of the trial and at trial end. Because
the difference in treatment in the PLEX intervention was in the first 2 weeks and the difference in
regimen in the GC intervention was in the first 6 months, it was expected that any difference in the
outcome measure would be larger in the first year than across the duration of the trial. At 1 year, the
number of serious infections was larger in the PLEX group (173 serious infections reported in 119
patients) than in the no-PLEX group (149 serious infections reported in 93 patients), but this difference
was not statistically significant (IRR 1.16, 95% CI 0.87 to 1.56; p = 0.317). There were fewer serious
infections in the reduced-dose GCs group (142 serious infections reported in 96 patients) than in the
standard-dose GCs group (180 serious infections reported in 116 patients), and there was a statistically
significant difference between the GC groups (IRR 0.69, 95% CI 0.52 to 0.93; p = 0.016).
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TABLE 13 All SAEs by SAE category for PLEX

SAE category

PLEX (N= 352) No PLEX (N= 352) Total (N= 704)

Events (n)
Patients with
event, n (%) Events (n)

Patients with
event, n (%) Events (n)

Patients with
event, n (%)

Cardiovascular 104 69 (20) 72 55 (16) 176 124 (18)

Endocrine 10 9 (3) 3 3 (1) 13 12 (2)

Gastrointestinal 45 34 (10) 55 39 (11) 100 73 (10)

Haematological 28 25 (7) 18 16 (5) 46 41 (6)

Infection 227 136 (39) 196 114 (32) 423 250 (36)

Renal 50 41 (12) 53 36 (10) 103 77 (11)

Surgery 19 16 (5) 15 13 (4) 34 29 (4)

Vasculitis relapse 28 23 (7) 33 32 (9) 61 55 (8)

Other 119 89 (25) 116 79 (22) 235 168 (24)

Total SAEs 630 224 (64) 561 225 (64) 1191 449 (64)

TABLE 14 All SAEs by SAE category for GCs

SAE category

Reduced-dose GC (N= 353) Standard-dose GC (N= 351) Total (N= 704)

Events (n)
Patients with
event, n (%) Events (n)

Patients with
event, n (%) Events (n)

Patients with
event, n (%)

Cardiovascular 104 68 (19) 72 56 (16) 176 124 (18)

Endocrine 5 4 (1) 8 8 (2) 13 12 (2)

Gastrointestinal 60 43 (12) 40 30 (9) 100 73 (10)

Haematological 24 22 (6) 22 19 (5) 46 41 (6)

Infection 203 119 (34) 220 131 (37) 423 250 (36)

Renal 69 50 (14) 34 27 (8) 103 77 (11)

Surgery 14 14 (4) 20 15 (4) 34 29 (4)

Vasculitis relapse 36 32 (9) 25 23 (7) 61 55 (8)

Other 130 91 (26) 105 77 (22) 235 168 (24)

Total SAEs 645 231 (65) 546 218 (62) 1191 449 (64)

TABLE 15 Number of patients reporting SAEs for PLEX

SAEs PLEX (N= 352) No PLEX (N= 352) RRa (95% CI) p-value

Patients with at least one SAE, n (%)

No 128 (36) 127 (36) 1.00 (0.90 to 1.12) 0.991

Yes 224 (64) 225 (64)

IRRb (95% CI)

Total SAEs (n) 630 561 1.21 (0.96 to 1.52) 0.104

a RR adjusted for both of the treatment group parameters and all of the minimisation variables. Values > 1 indicate
worse outcomes for the PLEX group.

b IRR from negative binomial model, adjusted for both of the treatment group parameters and all of the minimisation
variables. Values > 1 indicate worse outcomes for the PLEX group.
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At trial end, there remained no statistically significant difference in the rate of serious infections
between the PLEX group and the no-PLEX group (IRR 1.16, 95% CI 0.87 to 1.55; p = 0.323)
(Table 17), and the difference in the rate of serious infections in the reduced-dose group and the
standard-dose GCs group at trial end was borderline insignificant (IRR 0.76, 95% CI 0.57 to 1.01;
p = 0.058) (Table 18).

Quality of life

SF-36
There was no difference between the PLEX group and the no-PLEX group, or between the reduced-
dose GC group and the standard-dose GC group for the mental component score, or between the
PLEX group and the no-PLEX group for the physical component score. For the reduced-dose GCs vs.
standard-dose GCs comparison, there was evidence of a treatment-by-time interaction for the physical
component score (p < 0.001). The SF-36 physical component scores increased over time, and the slopes
diverged at a rate of –0.015 points per week (95% CI –0.023 to –0.008; p < 0.001) (Table 19 and
Figures 16–19).

TABLE 16 Number of patients reporting SAEs for GCs

SAEs Reduced-dose GCs (N= 353) Standard-dose GCs (N= 351) RRa (95% CI) p-value

Patients with at least one SAE, n (%)

No 122 (35) 133 (38) 1.05 (0.94 to 1.17) 0.354

Yes 231 (65) 218 (62)

IRRb (95% CI)

Total SAEs (n) 645 546 0.95 (0.75 to 1.20) 0.665

a RR adjusted for both of the treatment group parameters and all of the minimisation variables. Values > 1 indicate
worse outcomes for the reduced-dose GCs group.

b IRR from negative binomial model adjusted for both of the treatment group parameters and all of the minimisation
variables. Values > 1 indicate worse outcomes for the reduced-dose GCs group.

TABLE 17 Number of patients with serious infections for PLEX

Serious infections PLEX (N= 352) No PLEX (N= 352) IRRa (95% CI) p-value

Patients with at least one serious infection at 1 year, n (%)

No 233 (66) 259 (74) – –

Yes 119 (34) 93 (26) – –

Total serious infections at 1 year (n) 173 149 1.16 (0.87 to 1.56) 0.317

Patients with at least one serious infection at trial end, n (%)

No 203 (58) 221 (63) – –

Yes 149 (42) 131 (37) – –

Total serious infections at trial end (n) 268 245 1.16 (0.87 to 1.55) 0.323

a IRR from negative binomial model, adjusted for both of the treatment group parameters and all of the minimisation
variables. Values > 1 indicate worse outcomes for the PLEX group.
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TABLE 18 Number of patients with serious infections for GCs

Serious infections
Reduced-dose
GCs (N= 353)

Standard-dose
GCs (N= 351) IRRa (95% CI) p-value

Patients with at least one serious infection at 1 year, n (%)

No 257 (73) 235 (67) – –

Yes 96 (27) 116 (33) – –

Total serious infections at 1 year (n) 142 180 0.69 (0.52 to 0.93) 0.016

Patients with at least one serious infection at trial end, n (%)

No 219 (62) 205 (58) – –

Yes 134 (38) 146 (42) – –

Total serious infections at trial end (n) 250 263 0.76 (0.57 to 1.01) 0.058

a IRR from negative binomial model, adjusted for both of the treatment group parameters and all of the minimisation
variables. Values > 1 indicate worse outcomes for the reduced-dose GCs group.

TABLE 19 The SF-36 repeated measures analyses for PLEX vs. no PLEX and for reduced-dose GCs vs. standard-dose GCs

Analysis Mean differencea (95% CI) p-value

PLEX vs. no PLEX

SF-36 physical component scoreb 1.073 (–0.458 to 2.605) 0.169

SF-36 mental component scoreb 0.545 (–0.665 to 1.755) 0.377

Reduced-dose GCs vs. standard-dose GCs

SF-36 physical component score

Reduced-dose GCs vs. standard-dose GCs 2.087 (0.442 to 3.732) 0.013

Reduced-dose GCs × time (weeks) –0.015 (–0.023 to –0.008) < 0.001

Time (weeks) 0.007 (0.002 to 0.0126) 0.004

SF-36 mental component score

Reduced-dose GCs vs. standard-dose GCsb 0.971 (–0.240 to 2.182) 0.116

a Adjusted for both of the treatment group parameters, all of the minimisation variables and baseline scores.
Values > 0 indicate better outcomes for the PLEX group and the reduced-dose GCs group.

b The treatment-by-time interaction term was not significant in the model, so the model was fitted without the
interaction term.
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FIGURE 16 The SF-36 physical component scores for PLEX vs. no PLEX. SF-36 score ranges from 0 to 100, with lower
scores indicating greater disability. Values are means and 95% CIs.
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FIGURE 17 The SF-36 mental component scores for PLEX vs. no PLEX. SF-36 score ranges from 0 to 100, with lower
scores indicating greater disability. Values are means and 95% CIs.
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FIGURE 18 The SF-36 physical component score for reduced-dose GCs vs. standard-dose GCs. SF-36 score ranges from
0 to 100, with lower scores indicating greater disability. Values are means and 95% CIs.
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FIGURE 19 The SF-36 mental component score for reduced-dose GCs vs. standard-dose GCs. SF-36 score ranges from
0 to 100, with lower scores indicating greater disability. Values are means and 95% CIs.
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EQ-5D
There was no difference between the PLEX group and the no-PLEX group for either the EQ-5D index
score or the EQ-5D health score. However, for the reduced-dose GCs versus standard-dose GCs
comparison, there was some evidence of a treatment-by-time interaction for both the EQ-5D index
score and health score. For the EQ-5D index score, the scores decreased over time and the slopes
diverged at a rate of –0.0002 points per week (95% CI –0.0003 to –0.00003; p = 0.021). The EQ-5D
health score increased over time and the slopes diverged at a rate of –0.019 points per week (95% CI
–0.031 to –0.007; p = 0.002) (Table 20 and Figures 20–23).

TABLE 20 The EQ-5D repeated measures analyses for PLEX vs. no PLEX and for reduced-dose GCs vs. standard-dose GCs

Analysis Mean differencea (95% CI) p-value

PLEX vs. no PLEX

EQ-5D index scoreb 0.0219 (–0.007 to 0.051) 0.14

EQ-5D health scoreb 1.035 (–1.087 to 3.157) 0.339

Reduced-dose GCs vs. standard-dose GCs

EQ-5D index score

Reduced-dose GCs vs. standard-dose GCs 0.029 (–0.003 to 0.06) 0.075

Reduced-dose GCs × time (weeks) –0.0002 (–0.0003 to –0.00003) 0.021

Time (weeks) –000001 (–0.00011 to 0.00011) 0.988

EQ-5D health score

Reduced-dose GCs vs. standard-dose GCs 1.712 (–0.636 to 4.061) 0.153

Reduced-dose GCs × time (weeks) –0.019 (–0.031 to –0.007) 0.002

Time (weeks) 0.0255 (0.0168 to 0.0341) < 0.001

a Adjusted for both of the treatment group parameters, all of the minimisation variables and baseline scores. Values
> 0 indicate better outcomes for the PLEX group and the reduced-dose GCs group.

b The treatment-by-time interaction term was not significant in the model, so the model was fitted without the
interaction term.
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FIGURE 20 The EQ-5D index score for PLEX vs. no PLEX. EQ-5D index score ranges from –0.59 to 1, with a score of 1
implying perfect health. Values are means and 95% CIs.
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Subgroup analysis

Several a priori subgroup analyses were planned with respect to the primary outcome (i.e. time to
death or ESRD) using the ITT analysis populations for both the PLEX vs. no-PLEX comparison and the
reduced-dose GCs vs. standard-dose GCs comparison. There was no evidence that the treatment effect
differed across any of the subgroups (Table 21).

Exploratory analyses

Primary end point at 1 year
A prespecified exploratory analysis was undertaken for the primary outcome (i.e. death or ESRD) based
on the ITT analysis population, with the data censored at 1 year. In this analysis, all patients were
censored at 365 days even if they had follow-up beyond 1 year, and any events (i.e. death or ESRD)
that occurred after 1 year were not included (Table 22, and Figures 24 and 25). Censoring the data at
1 year reduced the HR for PLEX versus no PLEX from 0.86 to 0.77, and reduced the HR for reduced-
dose GCs versus standard-dose GCs from 1.00 to 0.80, with neither result reaching statistical significance.

Change in anti-neutrophil cytoplasm antibody levels
Another exploratory analysis investigated changes in ANCA levels and the impact of randomisation.
Because PLEX is designed to reduce antibody levels, it was expected that more patients in the PLEX
group would become ANCA negative than in the no-PLEX group. A maximal difference was expected
after the PLEX course at 2 weeks. Numerically, more patients with PR3- or MPO-ANCA became ANCA
negative at 2 and 4 weeks in the PLEX group than in the no-PLEX group (at 2 weeks: PR3-ANCA, 40%
vs. 32% and MPO-ANCA, 34% vs. 22%; at 4 weeks: PR3-ANCA, 39% vs. 33% and MPO-ANCA 31% vs.
24%, respectively). There was little or no difference between the two GC groups. No comparative
statistics were performed (Tables 23–26).

Lung haemorrhage and mortality

Lung haemorrhage is the major cause of early death in AAV and was an inclusion criterion for
PEXIVAS, being present in 191 patients. Because death due to lung haemorrhage occurs early, a post
hoc analysis of death for this subgroup was performed for the PLEX and GC randomisations. Twelve
patients with lung haemorrhage at randomisation died in the PLEX group, compared with 20 patients
in the no-PLEX group (no lung haemorrhage, HR 1.07, 95% CI 0.66 to 1.73; lung haemorrhage without
hypoxia, HR 0.65, 95% CI 0.23 to 1.86; and lung haemorrhage with hypoxia, HR 0.48, 95% CI
0.18 to 1.32). There was no evidence that the treatment effect differed according to severity of lung
haemorrhage at trial entry (p = 0.322) (Table 27). There were no significant differences between
reduced and standard GC dosing for this end point.
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TABLE 21 Subgroup analysis for the primary outcome

Subgroup analysis

Total events (n) PLEX vs. no PLEX Total events (n) Reduced-dose GCs vs. standard-dose GCs

PLEX
(N= 100)

No PLEX
(N= 109) HRa (95% CI)

Interaction
p-value

Reduced-dose
(N= 107)

Standard-dose
(N= 102) HRa (95% CI)

Interaction
p-valueb

Age (years), n/N

< 60 35/114 28/116 1.20 (0.73 to 1.97) 0.126 31/116 32/114 0.86 (0.52 to 1.41) 0.488

≥ 60 65/238 81/236 0.75 (0.54 to 1.04) 76/237 70/237 1.06 (0.76 to 1.48)

Severity of renal disease at presentation, n/N

Creatinine level of < 500 µmol/l 45/251 46/248 0.98 (0.65 to 1.48) 0.384 50/251 41/248 1.24 (0.82 to 1.88) 0.171

Requiring dialysis or a creatinine
level of ≥ 500 µmol/l

55/101 63/104 0.77 (0.53 to 1.11) 57/102 61/103 0.85 (0.59 to 1.22)

ANCA, n/N

PR3-ANCA 30/143 35/143 0.84 (0.51 to 1.36) 0.907 31/143 34/143 0.82 (0.50 to 1.34) 0.334

MPO-ANCA 70/209 74/209 0.87 (0.62 to 1.21) 76/210 68/208 1.10 (0.79 to 1.53)

Severity of lung haemorrhage, n/N

No haemorrhage 77/257 75/256 0.95 (0.69 to 1.31) 0.486 75/257 77/256 0.94 (0.68 to 1.29) 0.736

Haemorrhage, blood O2

saturation > 85% on room air
15/64 21/66 0.64 (0.33 to 1.24) 20/65 16/65 1.16 (0.60 to 2.26)

Haemorrhage, blood O2

saturation ≤ 85% on room air or
ventilated

8/31 13/30 0.67 (0.28 to 1.64) 12/31 9/30 1.25 (0.52 to 3.03)

Induction immunosuppression therapy to be used, n/N

i.v. CYC 56/177 59/177 0.79 (0.55 to 1.14) 0.792 58/179 57/175 0.84 (0.58 to 1.21) 0.199

Oral CYC 34/120 35/121 0.98 (0.61 to 1.57) 35/120 34/121 1.08 (0.67 to 1.73)

Rituximab 10/55 15/54 0.87 (0.38 to 1.96) 14/54 11/55 1.86 (0.83 to 4.14)

a Values > 1 indicate worse outcomes for the PLEX group and the reduced-dose GCs group.
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TABLE 22 Primary outcome censoring at 1 year

Events (ESRD and/or death) PLEX (N= 352) No PLEX (N= 352) HRa (95% CI)

Event, n (%)

No 282 (80) 267 (76) 0.77 (0.56 to 1.06)

Yes 70 (20) 85 (24)

Events (ESRD and/or death) Reduced-dose GCs (N= 353) Standard-dose GCs (N= 351) HRa (95% CI)

Event, n (%)

No 282 (80) 267 (76) 0.80 (0.58 to 1.10)

Yes 71 (20) 84 (24)

a HR adjusted for both of the treatment group parameters and all of the minimisation variables. Values > 1 indicate
worse outcomes for the PLEX group and the reduced-dose GCs group.
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TABLE 23 Anti-PR3 ANCA levels at 2 weeks

Anti-PR3 at 2 weeks
PLEX (N= 340),
n (%)

No PLEX (N= 341),
n (%)

Reduced-dose
GCs (N= 341), n (%)

Standard-dose
GCs (N= 340), n (%)

Abnormally positive 59 (17) 80 (24) 79 (23) 60 (18)

Negative 135 (40) 110 (32) 123 (36) 122 (36)

Not measured 145 (43) 149 (44) 138 (41) 156 (46)

Missing 1 (< 1) 2 (< 1) 1 (< 1) 2 (< 1)

TABLE 24 Anti-MPO ANCA levels at 2 weeks

Anti-MPO at 2 weeks
PLEX (N= 340),
n (%)

No PLEX (N= 341),
n (%)

Reduced-dose
GCs (N= 341), n (%)

Standard-dose
GCs (N= 340), n (%)

Abnormally positive 81 (24) 106 (31) 96 (28) 91 (27)

Negative 115 (34) 74 (22) 103 (30) 86 (25)

Not measured 142 (42) 160 (47) 141 (42) 161 (48)

Missing 2 (< 1) 1 (< 1) 1 (< 1) 2 (< 1)

TABLE 25 Anti-PR3 ANCA levels at 4 weeks

Anti-PR3 at 4 weeks
PLEX (N= 333),
n (%)

No PLEX (N= 334),
n (%)

Reduced-dose
GCs (N= 334), n (%)

Standard-dose
GCs (N= 333), n (%)

Abnormally positive 50 (15) 71 (21) 69 (21) 52 (15)

Negative 129 (39) 111 (33) 111 (33) 129 (39)

Not measured 154 (46) 152 (46) 154 (46) 152 (46)

Missing 0 (0) 0 (0) 0 (0) 0 (0)

TABLE 26 Anti-MPO ANCA levels at 4 weeks

Anti-MPO at 4 weeks
PLEX (N= 333),
n (%)

No PLEX (N= 334),
n (%)

Reduced-dose
GCs (N= 334), n (%)

Standard-dose
GCs (N= 333), n (%)

Abnormally positive 78 (23) 94 (28) 84 (25) 88 (26)

Negative 102 (31) 81 (24) 93 (28) 90 (27)

Not measured 152 (46) 159 (48) 156 (47) 155 (47)

Missing 1 (< 1) 0 (0) 1 (< 1) 0 (0)
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TABLE 27 Subgroup analysis for death for the minimisation variable lung haemorrhage

Subgroup analysis for death

Total deaths, n/N PLEX vs. no PLEX Total events, n/N Reduced-dose GCs vs. standard-dose GCs

PLEX
(N= 46)

No PLEX
(N= 53) HRa (95% CI)

Interaction
p-valueb

Reduced dose
(N= 46)

Standard dose
(N= 53) HRa (95% CI)

Interaction
p-valueb

Severity of lung haemorrhage

No haemorrhage 34/257 33/256 1.07 (0.66 to 1.73) 0.322 29/257 38/256 0.69 (0.42 to 1.12) 0.453

Haemorrhage: blood O2 saturation
of > 85% on room air

6/64 9/66 0.65 (0.23 to 1.86) 7/65 8/65 0.75 (0.27 to 2.10)

Haemorrhage: blood O2 saturation
of ≤ 85% on room air or ventilated

6/31 11/30 0.48 (0.18 to 1.32) 10/31 7/30 1.39 (0.52 to 3.73)
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Chapter 4 Discussion and conclusions

Summary of findings

This trial had two primary objectives, which were as follows: to determine whether PLEX delayed the
time to death or ESRD for patients with severe AAV, and to assess whether or not a reduced-dose oral
GC regimen was non-inferior to a standard-dose regimen for the occurrence of death or ESRD and
was safer for patients with severe AAV. PEXIVAS did not demonstrate a benefit of PLEX in the treatment
of severe AAV when combined with immunosuppressive and GC therapy. PLEX was not shown to delay
the time to death or ESRD for the whole patient cohort; the effect was not different for any of the
predefined patient subgroups over the whole trial, at 12 months, or for death or ESRD separately.
PEXIVAS was powered to detect a relatively large benefit of PLEX; a smaller benefit for death or ESRD
cannot be excluded. The reduced-dose oral GC regimen was shown to be non-inferior to the standard-dose
GC regimen for the outcome of death or ESRD, and was associated with fewer serious infections.

PEXIVAS and outcomes of severe anti-neutrophil cytoplasm
antibody-associated vasculitis

Previous studies have determined that the presence of renal dysfunction or diffuse alveolar haemorrhage
are adverse predictors for death and ESRD in AAV.32 A GFR of 50 ml/minute/1.73 m2 at diagnosis
separated patients into those with near-normal risks for these events and those with a 50% risk of an
event by 5 years.33 PLEX has been used to try and improve outcomes for patients with these adverse
prognostic features. It has also been shown that GCs contribute to the risk of SAEs and death; however,
there is no high quality evidence to determine optimal dosing. PEXIVAS was designed to both test the
value of PLEX and to improve the dosing of GCs for patients with this disease. The recruited population
had the expected baseline characteristics for patients with severe disease: patients’ mean age was
63 years, and 59% of patients had MPO-ANCA, 29% had a serum creatinine level of > 500 µmol/l or
required dialysis, and 27% had lung haemorrhage. The frequency of death and ESRD seen in PEXIVAS
was lower than predicted from previous studies, with 138 patients developing ESRD, 99 dying and
209 (30%) having the composite end point after a median of nearly 3 years’ follow-up.14,33 This led to
an increase in the sample size from 500 to 700 patients to obtain the predicted number of events.
Previous reports have highlighted improvements in the outcome of severe AAV, but these reports have
suggested earlier diagnosis and initiation of definitive therapy as a cause of improvement.34 It is possible
that refinements to CYC dosing, the introduction of rituximab and improved supportive care have had a
benefit, in particular by reducing the rate of treatment-associated death. However, outcomes for patients
with AAV remain poor and are worse than the outcomes for common malignancies (e.g. breast, prostate,
colon) in the same age group; SAE rates are high, with treatment-related events, including infections,
being the most common categories.

Effectiveness of plasma exchange

A meta-analysis of previous PLEX studies in AAV reported a reduction in the incidence of ESRD, no
consistent mortality benefit and a borderline effect on the composite of death and/or ESRD.21 One study
claimed that the benefit was limited to those with the most severe renal disease at presentation, a
serum creatinine level of > 500 µmol/l and who were already on renal supportive therapy.17 The MEPEX
study, to the best of our knowledge, had been the largest previous study of plasma exchange in AAV,
with 137 patients, and restricted enrolment to those with a serum creatinine level of > 500 µmol/l.14

It demonstrated a 20% reduction in the incidence rate of ESRD in survivors at 1 year (from 60% to 40%),
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but had a high 1-year mortality rate (27%) and no mortality benefit with PLEX.14 PEXIVAS did not find
the predicted size of benefit (0.64) on the composite outcome of ESRD or death by ITT or per-protocol
analysis, or by censoring the follow-up at 12 months. Of note is the fact that no differences in response
were observed between the PLEX and no-PLEX groups for subgroups defined by a baseline serum
creatinine of > or < 500 µmol/l. However, there remains the possibility of a smaller magnitude of benefit
that might be clinically meaningful or financially relevant.

Concerning the components of the primary outcome separately, previous studies have observed a high
early mortality rate in severe AAV (> 25% at 1 year), with no benefit seen in the PLEX group in the
MEPEX trial.14 Overall, the mortality rate in PEXIVAS was 13% in the PLEX group and 15% in the
no-PLEX group, which was considerably lower than the predicted rate, with no benefit for PLEX. Because
the causes of death are varied, with infection being the most common, it is, perhaps, unsurprising that
PLEX did not have an impact on the mortality rate. PLEX might be expected to reduce the number of
deaths attributable to vasculitis, especially lung haemorrhage, but only three deaths with this cause
were recorded. In the longer term, if PLEX had a major effect on ESRD rates, the lower survival rate of
patients with ESRD might also have been a factor. However, the lower than predicted rates of ESRD
in PEXIVAS and the lack of a major reduction in risk with PLEX made this an unlikely contributor to
any difference.

Results from previous randomised controlled trials vary regarding the benefit of PLEX on rates of
renal recovery for patients with a creatinine level of < 500 µmol/l, but generally found a stronger
treatment effect with the subgroup presenting with a creatinine level of > 500 µmol/l or with immediate
requirement for dialysis.35 PEXIVAS found no major effect of PLEX on ESRD and no differences between
the subgroups defined by presenting creatinine levels. There appeared to be an early separation in the
rate of development of ESRD in favour of PLEX, with a loss of difference over time. Further studies of
ESRD rates and changes in GFR at 6- and 12-month end points are needed to explore this separation.

Because the pathogenesis of pulmonary capillaritis is similar to the glomerular pathology of AAV, PLEX
has also been considered for diffuse alveolar haemorrhage. This manifestation of vasculitis is associated
with early death due to respiratory failure.36 Observational studies from the 1990s reported a 50%
in-hospital mortality rate if assisted ventilation was required, but survival has improved over the past
20 years because of better intensive care techniques and adjustments to immunosuppressive and GC
medication.37,38 No prospective study of PLEX in diffuse alveolar haemorrhage has been performed,
and patients requiring ventilator support were excluded from previous trials. The criteria developed
for PEXIVAS that defined the severity of haemorrhage were novel and required radiological evidence
of bilateral pulmonary infiltrates with either arterial hypoxia or evidence of lung bleeding. The performance
of these criteria in PEXIVAS merits further study and validation. A total of 191 patients had diffuse
alveolar haemorrhage, and almost all also met the GFR criteria for inclusion. No benefit of PLEX was
seen in the lung haemorrhage subgroups for the composite of death and ESRD, and a post hoc analysis
of death at any time also showed no significant benefit. However, a previous study found no impact
on death due to non-severe lung haemorrhage, and that it is patients who are hypoxic at presentation
who might have the most to gain from this intervention.39 Among the 61 patients in this category there
were six (among 31 patients) deaths in those receiving PLEX and 11 (among 30 patients) deaths in
those not receiving PLEX. Further analysis of the timing and cause of these deaths is required before a
useful effect of PLEX in this subgroup can be ruled out.

Plasma exchange is designed to reduce the components in plasma that contribute to the pathogenesis
of vasculitis. It was introduced in autoimmunity to remove pathogenic autoantibodies being applied
in antiglomerular basement membrane disease, another cause of severe glomerulonephritis, before
‘pauci-immune’ necrotising glomerulonephritis, subsequently associated with ANCA.15 The pathogenic
role of ANCA has been demonstrated for MPO-ANCA in an animal model, but controversy persists
as to how relevant this is for the human version of the disease.40 Other possible plasma constituents
that are known to be harmful and can be removed by PLEX are endothelial, platelet and neutrophil
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microparticles; complement components; cytokines; and chemokines. PLEX also removes coagulation
factors, and perturbed thrombosis contributes to the pathogenesis of vasculitis. No study in AAV has
titrated the dose of PLEX against a biomarker, such as ANCA binding level. The selected dose of seven
exchanges was the same as that used for MEPEX, and also reflects the median from a survey of PEXIVAS
investigators. The dose results in an 80–90% reduction in circulating IgG, and ANCA is largely composed
of the IgG isotype. Diffuse alveolar haemorrhage has been associated with ANCA of the immunoglobulin
M (IgM) isotype and IgM is more efficiently removed by PLEX, further supporting a mechanistic role for
PLEX in this presentation.41 All patients in PEXIVAS were ANCA positive at entry and approximately 10%
more had become ANCA negative in the PLEX group than in the no-PLEX group at 2 weeks. A subsequent
analysis will assess the value of PLEX in ANCA reduction and look for any associations with clinical efficacy.

A concern in the design of PEXIVAS was the no-PLEX patients receiving PLEX, in part because they
are seriously ill and physicians want to use all available therapies, and in part because some PEXIVAS
investigators had greater prior belief in the clinical efficacy of PLEX than others. Compliance was surprisingly
good, with 90% of the PLEX group receiving the protocol-defined dose and 96% receiving some PLEX.
The reasons for not receiving PLEX in the PLEX treatment group were, typically, concomitant events,
such as myocardial infarction or death. Only 8% of the no-PLEX group received PLEX, usually for
progressive, refractory disease. As a result, there were no major differences between the ITT and
per-protocol analyses. PLEX is administered by either plasma filtration or centrifugation. The latter has
potential advantages, as it removes macromolecular structures that may not be filtered and it causes
less activation of inflammatory components. Around 60% of patients received treatment by centrifugation
and the modalities will be compared in a subsequent analysis. Other aspects of the PLEX technique were
standardised in the protocol, such as replacement fluids, or were unlikely to influence efficacy, but may
have affected safety, such as vascular access. Data has been collected on these factors for further analysis.

Effectiveness of reduced-dose oral glucocorticoids

The factorial design of PEXIVAS permitted examination of a second question, and oral GC dosing was
selected because there is uncertainty as to the optimal regimen and GC toxicity contributes to the
mortality rate and morbidity of vasculitis.13 As a fulminant inflammatory disease, initial high-dose
GCs are required to gain disease control and either high-dose oral GCs alone or combined oral and
i.v. dosing are used. There is no good evidence to guide i.v. dosing, which is recommended in the
guidelines, and there are concerns over the safety risks of this route of administration. Furthermore, i.v.
GCs are often administered at referring hospitals or before the vasculitis diagnosis has been confirmed.
Because PEXIVAS recruited patients from the severe end of the vasculitis spectrum, and most patients
were likely to be given i.v. steroids, these were included in the protocol; however, treating physicians
could select a total dose of between 1000 and 3000 mg. A subsequent analysis will explore the safety
risks and efficacy benefits of the differences in i.v. dose. The randomisation in PEXIVAS focused on the
speed of reduction of oral GCs commenced immediately after the i.v. dosing; all patients received the
same dose for the first week and then dosing was reduced faster in the reduced-dose group to achieve
a difference in cumulative exposure of around 60% by 6 months. Although open label, adherence to
the oral GC regimen was good, with physicians and patients noting how helpful it was to have the
dosing regimen determined in advance for the whole of the first year. The primary end point was the
total number of death and ESRD events over the course of the trial, performed as a per-protocol
analysis to avoid falsely inflating a non-inferiority result. No differences were seen between the
reduced-dose GCs and standard-dose GCs groups, with an actual risk difference of 2.3% (95% CI
–0.034 to 0.08), meeting the 11% non-inferiority margin that was previously determined.

No differences were seen for the two components of the primary end point (i.e. death or ESR) when
examined separately, or in the overall occurrence of SAEs. It was hoped that reducing GC exposure
would reduce the frequency of severe infections, known to be the most common cause of death in the
first year after diagnosis. Although there were no differences in the infection rates over the duration
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of the trial, there were fewer severe infections in the first year: 96 patients (27%) experienced
142 infections in the reduced-dose GCs group and 116 patients (33%) experienced 180 infections
in the standard-dose GCs group.

Safety

Plasma exchange has not been shown to increase the risk of infection or the frequency of SAEs in
previous vasculitis studies. There is the potential for vascular access-related problems, haemorrhage,
thrombosis, infection, pneumothorax- and procedure-related toxicity, anaphylaxis, TRALI, hypotension,
hypocalcaemia and haemorrhage associated with anticoagulation and the removal of coagulation
factors. No differences in SAE rates or serious infection rates were seen between the PLEX and
no-PLEX groups, but further analysis of adverse event data is required to detect any differences in the
pattern of SAEs seen with PLEX.

Sustained remission and quality of life

A long-term observational study of the MEPEX trial participants reported a reduced vasculitis relapse
rate in the PLEX group.21 A sustained-remission secondary end point was selected for PEXIVAS,
requiring no disease activity (i.e. a BVAS/WG of zero) at 6 months without relapse by 12 months.
This end point has been used in two previous EUVAS trials. No differences in sustained remission were
seen between the PLEX and no-PLEX groups. Because early control of disease activity is associated
with ESRD, death and vasculitis relapse risk, the lack of effect of PLEX on sustained remission is
consistent with the lack of effect on the primary composite end point.

Changes in quality of life were assessed using the SF-36 and EQ-5D. Both tools demonstrated some
improvement in quality of life over time, and this is consistent with previous reports highlighting the
low quality of life of vasculitis patients at diagnosis, with improvement after initiation of treatment.
However, the size of difference seen in the quality-of-life metrics was small and is unlikely to represent
a clinically meaningful benefit. If a reduction in the rate of ESRD with PLEX is real, then a health
economic analysis may be more sensitive in demonstrating a benefit than the chosen primary composite
end point. A year of ESRD care costs £40,000 and PLEX costs £3500 for seven sessions. Thus, if the
number of patients with AAV and renal vasculitis needed to be treated with PLEX to save 1 year of
ESRD was fewer than 10, PLEX would have a cost advantage. The shape of the Kaplan–Meier curve
for time to ESRD suggests that any benefit for PLEX in the first year is lost over the subsequent years,
so a sustained financial benefit is unlikely. Exploratory analyses examining whether or not there is a
benefit on other renal parameters, such as GFR at 1 year or time-averaged GFR, and an appropriate
cost–benefit analysis are planned.

Effectiveness and safety of different glucocorticoid regimens

No previous study has compared different GC regimens in severe AAV. The introduction of GCs in
vasculitis occurred in 1947, and this heralded the modern era of treatments for the disease. A dose
of prednisolone of 1 mg/kg/day has been used widely in human and veterinary medicine for severe
inflammatory disease without a sound evidence base. Vasculitis trials over the last 30 years have
typically started treatment at this dose, but have varied in the rate of reduction, cumulative exposure
and time to withdrawal. One small study of vasculitis in elderly people found a lower-dose regimen to
be safer and no less effective than a standard-dose regimen.42 A study of two different GC regimens
in lupus nephritis, starting at either 1.0 or 0.5 mg/kg/day, found a halving in the number of SAEs at
6 months with the lower dose, with little difference in efficacy.43 The two GC regimens in PEXIVAS
represented the upper and lower ranges of acceptability for steroid dosing at an investigators’ planning
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meeting for the trial, and almost a 50% difference in cumulative exposure by 6 months. A value of 11%
was chosen for the non-inferiority boundary, and this was easily met for the primary composite of
death and ESRD. There was also no difference between GC treatment groups in the secondary clinical
efficacy end point of sustained remission. In contrast, there were fewer serious infections in the
reduced-dose GC group at 1 year. Further studies will assess the safety benefit of the reduced-dose
GC regimen on specific GC-related toxicity in this trial. A GC toxicity index has been designed since
PEXIVAS started and would have been a validated approach to assessing toxicity.44

Severe AAV is a fulminant disease, and all patients received an initial treatment with high-dose i.v. GCs
and the same oral dose for the first week. This was necessary to ensure adequate treatment, but would
have reduced any differential effects between GC treatment groups. In addition, SAEs are most
frequent early in the course of treatment, again reducing the potential difference between the groups.

There was concern that physicians or patients would not adhere to their selected GC regimen because
of the severity of the patients’ illness, prior beliefs or desire to avoid toxicity. Any convergence between
regimens would dilute the possibility of observing a difference in clinical efficacy or safety. The high
compliance rates for both standard-dose and reduced-dose GC regimens represented a success for
the trial management, investigators and patients. A GC dosing regimen was generated for each patient
at the time of randomisation to cover the first 12 months and e-mailed to the investigator for filing in
the patient’s hospital record. Feedback to the management team suggested that the presence of an
advance plan was appreciated by both the physicians and patients and may have helped compliance.

High-dose i.v. GCs are almost routinely used for severe AAV in the absence of any randomised evidence,
with observational studies suggesting both advantages and risks. The range of dosing, between 1000
and 3000 mg in the first 3 days of the trial, was left to physician discretion and reflected investigators’
practice. Further analysis will explore whether differences in delivered i.v. dosing had any impact on
clinical efficacy or safety end points.

Strengths and limitations

With 704 patients, PEXIVAS is, to the best of our knowledge, more than three times larger than
any previous trial in AAV; however, recruitment took over 6 years, although it did exceed predicted
recruitment rates. There was variation in prior beliefs on the clinical efficacy of PLEX and the optimal
GC regimen, but any bias in recruitment should have been balanced by the large number of participating
sites and the geographic distribution. However, there is still the potential for the highest recruiting sites
to have biased their patient selection, and no records were kept on patients who were eligible but not
entered to assess this potential. The majority of patients were of white ethnicity. Because previous studies
have identified differences in AAV disease organ involvement and severity between Japanese and
European cohorts, and differences are suspected between white and other Asian and black ethnicities,
there may have been differences in response to the interventions tested in this study between ethnic
groups that could not be detected due to the small number of non-white participants.

The trial was unblinded, and treatment allocation may have influenced physician decisions; however,
choice of baseline immunosuppressive was determined before randomisation, GC regimen was determined
by the protocol and there was good compliance with both PLEX and GCs. Assessment of vasculitis activity
using the BVAS/WG is observer dependent and the lack of blinding may have influenced decisions on
remission and relapse. However, these occurred at 6 and 12 months, which was a considerable time after
the delivery of PLEX. The end points of death and ESRD are robust, although decisions on starting and
stopping dialysis (the ESRD definition required a 12-week period of dialysis) are physician dependent.
Further analysis of the effects of the intervention on BVAS/WG, including time to BVAS/WG zero and
time to relapse, are planned.
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Data return, as judged by completed forms for the different assessments at each time point, was good.
The patient dropout rate was low despite the long course of the study and the most commonly report
reasons for dropout were relocation, distance from the trial centre and the development of ESRD.

A pragmatic approach was taken to the PLEX procedure (which varied between centres), the choice
of background immunosuppressive and choice of all medication after 12 months. Systematic bias in
these areas may have influenced the results, but we have no evidence that this occurred and the
choice of immunosuppressive was balanced in the randomisation process. At the time of the trial
design, the routine immunosuppressive was CYC. Rituximab was licensed for AAV in 2011 in the
USA and in 2013 in Europe and is slowly becoming the standard of care. Only a minority of patients
underwent rituximab induction, but the response to PLEX appeared to be the same across the
three immunosuppressive categories.

Other methodological issues

PEXIVAS, a trial of rare disease, demonstrates how a relatively large number of patients can be recruited,
provided there is international collaboration and a long recruitment period. Two international networks,
EUVAS in Europe and VCRC in North America, existed before PEXIVAS and provided the bulk of the
recruiting centres. There was also an existing collaboration between EUVAS and the International
Vasculitis Committee of Japan’s Ministry of Health Labour and Welfare, which prepared the ground for
Japanese collaboration. PEXIVAS contributed to the formation of the Canadian Vasculitis Network
(CANVAS) and to collaborative working in Australia and New Zealand. The existence of centres with
research experience in AAV was important for obtaining consensus in the protocol design and use of
the trial tools, including BVAS/WG and CDA.

PEXIVAS funding commenced as parallel applications to the Medical Research Council (UK) and the
Food and Drug Administration (Silver Spring, MD, USA). Success with both agencies led to applications
to the Canadian Institute of Health Research (CIHR), the National Health Medical Research Council
(NHMRC; Canberra, ACT, Australia), Programme Hospitalier de Recherche Clinique (Ministry of Health,
France) and commercial support from PLEX machine manufacturers Terumo BCT, Inc. (Lakewood, CO,
USA), Asahi Kasei Medical Co., Ltd (Tokyo, Japan), and Fresenius (Bad Homburg, Germany). This model
of rare disease research funding evolved empirically, but may be useful for research in other diseases.

Implications for health care

Anti-neutrophil cytoplasm antibody-associated vasculitis remains a severe disease and, although
outcomes are improving, the rates of death and ESRD are high. PEXIVAS has highlighted the rate of
SAEs (almost 1200 events in 704 patients); these represent a major risk and cause of suffering for
patients, as well as a major cost burden for health-care systems. A better understanding of the nature
and causes of SAEs is required to improve these rates. The data for PLEX will be included in a future
meta-analysis before a final conclusion on the relative merits of PLEX can be made and a translation to
practice guidelines can occur. Further exploratory analyses may more precisely define any differences
between the PLEX and no-PLEX groups, for example in the early improvements in renal function and
in those with severe lung haemorrhage, but it is likely that PLEX use will be more restricted than it is
currently. The most recent international treatment recommendations statement for the treatment of
AAV was made in 2016, by a joint working group between the European League Against Rheumatism
(EULAR) and the European Renal Association (ERA), when PLEX was recommended for severe
disease and this will need to be amended in any further update. PLEX is expensive, with equipment,
disposables, plasma substitute and staff costs associated with its use, and precise costs vary between
£500 and £2000 per session (i.e. between £3500 and > £14,000 for seven sessions). There could be
cost savings from a reduced requirement for PLEX and associated blood products, which are in
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periodic short supply and have the potential for transmission of chronic viral infection and prions.
In addition, patients are often transferred to regional centres for PLEX, and this may be no longer
necessary. Patients could be spared central venous access procedures and the inconvenience of PLEX
and in-hospital stays may be shortened.

The success of the reduced-dose GC regimen may permit a specific recommendation regarding how
much GC should be used and when the dose could be reduced. This may reduce the number of
serious infections, which are a major driver of hospital admission and health costs for vasculitis
patients. It could also simplify the work of physicians (who may not need to design their own GC
regimens), reduce variation between centres and minimise GC toxicity.

Future research implications

A research plan has been developed based on the PEXIVAS data set and associated biomarker
collection. Topics for further studies fall into three areas:

1. Further study of the interventions –

¢ a meta-analysis of the efficacy of PLEX in delaying ESRD by combining the PEXIVAS data set
with those of previous trials

¢ detailed post hoc analysis of the PEXIVAS data set to assess any benefit of PLEX on ESRD risk at
1 year for different baseline subgroups and for early mortality for those with lung haemorrhage

¢ further reduction of GC exposure by using different background immunosuppression
(e.g. CYC/rituximab combination) or newer therapeutics (e.g. complement inhibition with avacopan)

¢ cost-effectiveness analyses for the two interventions

2. Clinical epidemiology studies –

¢ comparisons between baseline immune suppressives, rituximab and CYC
¢ co-morbidity risks and prognostic factors (e.g. thromboembolism, infection)
¢ relapse analysis and risk factors

3. Biomarker studies –

¢ impact of PLEX on ANCA levels
¢ identification of prognostic biomarkers for PLEX efficacy
¢ histological analysis of renal biopsies from PEXIVAS and the development of prognostic tools

A committee has been convened to supervise the management of the further studies using PEXIVAS
data or samples.
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