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Abstract
Purpose of Review The purpose of this review is to discuss the most recent evidence on the treatment innovations and future
prospective in the management of anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitides (AAVs).
Recent Findings In AAV, a growing body of research is available on novel treatment options for remission induction and to
clarify some uncertainties concerning the optimal use of available drugs. Efforts are being made to reduce the toxicity associated
with high-dose, prolonged glucocorticoids (GC) regimens. Despite major advances in the prognosis of AAV, relapses are still
common and the intensity and duration of remission treatment constitute a great challenge in the management of these chronic
conditions.
Summary A paradigm shift in practice in the management of AAV is being supported by recent evidence suggesting the
comparable efficacy and improved safety profile of schemes with a reduced dose of GC for the induction and maintenance of
remission in patients with severe granulomatosis with polyangiitis (GPA) or microscopic polyangiitis (MPA). Moreover, recent
appraisal of pathogenetic mechanisms, including complement activation pathways, has introduced the revolutionary concept of
an alternative to GC, such as avacopan. Plasma exchange failed to prevent end-stage renal disease and mortality in patients with
severe renal involvement or pulmonary haemorrhage according to a large multicentre randomised trial. Intensified immunosup-
pressive strategies for patients with life-threatening manifestations, including the combination of rituximab (RTX) with cyclo-
phosphamide (CYC) have revealed promising preliminary data. New evidence for the use of alternative immunosuppressive
agents (e.g. mycophenolate mofetil or abatacept) for the induction of remission in patients with non-severe disease is emerging.
Several studies have been recently published, or are ongoing, to assess the optimal strategy and duration of maintenance of
remission with the available treatment options (GC, azathioprine, and RTX). Preliminary evidence supports the superiority of a
more prolonged course of maintenance treatment. The management of refractory or relapsing eosinophilic granulomatosis with
polyangiitis (EGPA) has been improved by the recent demonstration of efficacy and safety of an interleukin-5 inhibitor,
mepolizumab. Ongoing randomised studies will clarify the role of RTX in patients with severe manifestations of EGPA.
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Introduction

The treatment of anti-neutrophil cytoplasmic antibody
(ANCA)-associated vasculitides (AAVs) has gone

through paradigmatic changes over the past years. The
prognosis of AAV radically changed since the introduc-
tion of glucocorticoids (GC) in the 1950s and the adjunc-
tion of cyclophosphamide (CYC) in the 1970s [1] with
survival rates now approaching 80% at 10 years of diag-
nosis [2]. GC and CYC have been the only available op-
tions for severe cases of AAV until the first anecdotal
reports on the effectiveness of rituximab (RTX) became
available in the early 2000s. Only in 2010 the non-
inferiority of RTX to CYC was formally demonstrated
by two randomised controlled trials (RCT) expanding
the therapeutic options for patients with life- or organ-
threatening manifestations [3, 4].
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Nevertheless, several critical issues remain in the manage-
ment of AAV: the side effects associated with high-dose GC
requirements for remission induction and subsequently the
long-term GC regimens needed for the maintenance treatment
are still relevant. CYC is associated with an increased risk of
cancer development and exposes young patients to the risk of
gonadal toxicity leading to infertility. Furthermore, the risk of
infections is considerable with all the immunosuppressive
drugs available to treat AAV [5]. Moreover, safety needs to
be balanced against the need to control disease activity. This
has introduced new uncertainty on the optimal frequency and
duration of remission maintenance treatments [6, 7].

Novel induction strategies and optimization of maintenance
regimens are being investigated by several studies. Evidence to
support the use of reduced-dose GC is accumulating. Moreover,
pioneer studies to find alternatives (e.g. avacopan) to the long-
term use of GC have been recently proposed opening a whole
new perspective on the future of AAV treatment and
unrevealing innovative pathogenetic mechanisms.

In this review, we will summarise the most recent evidence
regarding advances in treatment strategies in AAV (Fig. 1).

Innovations in Induction of Remission
Strategies for Granulomatosis
with Polyangiitis andMicroscopic Polyangiitis

New Insights on the Optimal Dose of Glucocorticoids
for Induction of Remission

GC remain the cornerstone of treatment for AAV. To date, the
optimal dosing of GC to treat this condition has not been
systematically assessed, with significant variability in clinical
practice [8, 9••].

In 2019, a retrospective study assessed the use of GC in
114 patients with a newly diagnosed severe AAV. All patients
were treated with standard of care for remission induction
[CYC, plasma exchange (PLEX), high-dose oral GC], show-
ing no difference in survival rate, risk of relapse or renal out-
come, irrespective of whether high-dose intravenous pulses of
GC (methylprednisolone 1–3 g) were administered or not.
Rather, patients treated with GC pulses more often had infec-
tions and steroid-induced diabetes [10•]. An open-label sin-
gle-arm clinical trial is currently evaluating the safety and
efficacy of pulsed GC (methylprednisolone between 1 and 3
g) combined with RTX for remission induction, followed by a
tapering dose of oral prednisolone (ClinicalTrials.gov
Identifier: NCT02115997).

The LoVAS study is a multicentre RCT aimed at testing
the non-inferiority of 0.5 mg/kg versus 1 mg/kg prednisone in
combination with RTX for remission induction in AAV
(ClinicalTrials.gov Identifier: NCT02198248). Similarly, the
SCOUT trial (ClinicalTRials.gov Identifier: NCT02169219)

is evaluating whether an 8-week course of GC in combination
with RTX is sufficient to induce disease remission which
should subsequently be maintained for up to 6 months.

The highest-quality evidence supporting the use of
reduced-dose oral GC regimens derives from the PEXIVAS
trial (discussed in further detail below) which demonstrated
the non-inferiority of lower GC doses compared to standard-
dose, while significantly reducing the risk of severe infections.

Revisiting the Role of Plasma Exchange in Severe
Cases of AAV

PLEX has traditionally been used as an adjunctive treatment
for the management of patients with aggressive, rapidly pro-
gressive glomerulonephritis (GN) and/or diffuse alveolar
haemorrhage (DAH). The rationale for PLEX is the removal
of circulating ANCA in the attempt to reduce their pathoge-
netic effects; however, other mechanisms may contribute to
the therapeutic effect [11]. Previous evidence suggested a role
for PLEX in reducing the risk of developing end-stage renal
disease (ESRD), but not mortality [12]. Recently, a large,
international, RCT (PEXIVAS) has evaluated the role of
PLEX and two GC regimens (standard and reduced dose) in
patients with severe AAV [estimated glomerular filtration rate
(GFR) < 50 ml/min/1.73 m2 of body-surface area, or DAH].
The median creatinine level at study entry was 3.7 mg/dl, with
18.8% of patients requiring dialysis. Pulmonary haemorrhage
was found in 27% of enrolled patients; however, the propor-
tion of patients with severe DAH (oxygen saturation ≤ 85% or
need for mechanical ventilation) occurred in < 10% in all
study participants [13]. Patients were randomly assigned to
receive seven PLEX over 14 days or no PLEX, in addition
to standard remission induction with CYC or RTX (85% and
15% of patients, respectively). All patients received up to 3 g
intravenous GC in the first 3 days, followed by 1 mg/kg of GC
for 1-week duration. Subsequently patients were randomised
to a standard oral GC regimen (starting with 1 mg/kg predni-
sone) or a reduced-dose (starting with 0.5mg) tapering regi-
men. The primary composite outcome of death from any cause
or ESRD occurred in 100 of 352 patients (28.4%) in the PLEX
group and in 109 of 352 patients (31.0%) in the control group
[HR 0.86; 95% confidence interval (0.65, 1.13); p = 0.27].
The reduced-dose oral GC regimen was non-inferior to a
standard-dose concerning death and ESRD outcomes, while
it significantly reduced the risk of serious infections within the
first year of treatment. Among the subgroup analyses that still
need to be performed, a stratification of the response to PLEX
according to the degree of chronicity of renal disease or the
severity of DAH would be of major clinical interest [14].
Nevertheless, PEXIVAS opens new horizons in the manage-
ment of patients with AAV by supporting the use of reduced-
dose GC and discouraging the unconditional use of PLEX in
all severe AAV patients.
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Exploring New Therapeutic Options to Replace
Glucocorticoids: Redefining the Role of Complement

The role of the complement system in the pathogenesis and,
subsequently, as a potential therapeutic target, has only recently
received increasing attention in the field of AAV. For several
decades, the complement system has not been considered rele-
vant in this group of diseases, given the pauci-immune hallmark
of histologic findings with absence of complement deposition in
affected tissues and the rare detection of hypocomplementemia.
Preliminary evidence for a critical role of the alternative com-
plement pathway in the development of glomerulonephritis in-
duced by anti-myeloperoxidase antibody came from animal
models demonstrating that genetic absence or pharmacological
inhibition of C5a receptor1 (C5aR1) significantly reduced anti-
body production and intra-renal neutrophil activation and dam-
age [15, 16]. Moreover, C5a has been implicated in the priming

and activation of neutrophils and interference with their activity,
especially in the presence of ANCA, and with endothelial acti-
vation. Subsequently, the presence of complement activation
products has been confirmed on renal biopsies of AAV patients
and on urinary and serum samples, demonstrating an association
of complement activation with disease severity [17]. Finally,
hypocomplementemia has been linked to a worse renal progno-
sis in observational studies of AAV [18, 19].

The first clinical trial testing the role complement-targeted
therapies has introduced the revolutionary concept of replac-
ing GC by complement inhibitors to treat patients with severe
forms of AAV. CCX168 (avacopan), an oral small molecule
inhibiting the complement C5a receptor, has been evaluated in
the CLEAR study, a RCT on 67 patients with newly diag-
nosed or relapsing AAV. The study investigated whether dif-
ferent regimens of GC (standard dose, reduced dose, and no
prednisone), added to a standard induction with CYC or RTX,

REMISSION MAINTENANCE IMMUNOSUPPRESSIVE TREATMENT

2
4

 m
o

n
th

s

STANDARD OF CARE (SOC)

NON-ORGAN THREATENING DISEASE

GPA/MPA: SOC + C5a inhibitor ±

low dose GC

GPA/MPA: GC + CYC or RTX (±PLEX)

EGPA/GPA/MPA: IVIg

GPA/MPA/EGPA: SOC + HCQ*

GPA: SOC ± TMP/SMX (?)

EGPA: SOC + anti-IL-5*; SOC + anti-IgE (?); RTX* 

REMISSION INDUCTION IMMUNOSUPPRESSIVE TREATMENT

NEW PERSPECTIVES STANDARD OF CARE (SOC) NEW PERSPECTIVES

GPA/MPA/EGPA: MTX or MMF + 

GC

EGPA: GC monotherapy; SOC  ±

MEPO

GPA/MPA: ABA*, TCZ*  

GPA: RTX + BEL* EGPA: GC + CYC or RTX (#) 

GPA/MPA: low dose GC + SOC; 

GC + CYC + RTX; TCZ* 

EGPA: GC + RTX*

STANDARD OF CARE (SOC) NEW PERSPECTIVES

2
4

 m
o

n
th

s
+

 2
4

 m
o

n
th

s

GPA/MPA/EGPA: AZA or MTX or RTX + taper 

GC (MMF, LEF)

EGPA: SOC ± MEPO

GPA/MPA: RTX on demand or fixed schedule; 

prolonged maintenance with AZA or MTX or RTX 

± GC

ORGAN OR LIFE-THREATENING DISEASE

Fig. 1 Flowchart for the management of ANCA-associated vasculitis
based on the available evidence and future perspectives. BVAS,
Birmingham Vasculitis Activity Score; SOC, standard of care; GPA,
granulomatosis with polyangiitis; MPA, microscopic polyangiitis;
EGPA, eosinophilic granulomatosis with polyangiitis; AZA,
azathioprine; MTX, methotrexate; RTX, rituximab; MMF,

mycophenolate mofetil; LEF, leflunomide; MEPO, mepolizumab; GC,
glucocorticoids; ABA, abatacept; TCZ, tocilizumab; BEL, belimumab;
CYC, cyclophosphamide; IVIg, intravenous immunoglobulins. #,
supported by lower level of evidence; (?), controversial evidence; *,
being tested in ongoing trials
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could be replaced by CCX168 without compromising the ef-
ficacy of remission induction [20••]. Avacopan was non-
inferior to standard therapy in achieving a treatment response
[defined as a Birmingham Vasculitis Activity Score (BVAS)
decrease of at least 50% and no worsening of any-body sys-
tem between baseline and 12 weeks]. Treatment response oc-
curred in 86.4% of patients treated with avacopan and
reduced-dose GC, 81% of the patients receiving avacopan
with no GC, and 70% in the high-dose GC control group.
Albuminuria and levels of a renal inflammation marker [uri-
nary creatinine-corrected monocyte chemoattractant protein-1
(MCP-1)] improved to a greater extent in the avacopan than in
control groups, while eGFR and hematuria improved similarly
in all treatment group. Health-related quality of life also sig-
nificantly improved with avacopan. No safety concerns were
reported [20••].

Another phase 2 randomised 12-week study (CLASSIC
trial) evaluated two different doses of avacopan (10 or
30 mg twice daily) in adjunction to standard of care (induction
with GC and CYC or RTX), compared to standard of care
alone in newly diagnosed or relapsing AAV patients (n=42).
Adverse events rates were similar across the three treatment
groups. Early achievement of remission within the first month
of treatment was numerically superior with avacopan 30 mg
(20% of patients) compared to avacopan 10 mg (8% of pa-
tients) and standard of care (15%). Renal response was highest
in the avacopan 30 mg compared to the other groups (63%
with avacopan 30 mg, 40% with avacopan 10 mg, 17% with
standard of care; p = 0.03). A variety of patient-reported out-
comes including health-related quality of life significantly im-
proved in the avacopan group compared to standard of care
only [21].

A phase III trial is ongoing (ClinicalTrials.gov Identifier:
NCT02994927) [22] to evaluate if avacopan can replace the
need for chronic GC in the treatment of AAV. Other C5a
inhibitors are under development (ClinicalTrials.gov
Identifier: NCT03895801 and NCT03712345).

Unresolved Issues and Combination Strategies with
Rituximab

B-cell depletion by RTX has proved its efficacy in the man-
agement of severe granulomatosis with polyangiitis (GPA) or
microscopic polyangiitis (MPA). Nevertheless, some ques-
tions remain open concerning the efficacy of this drug in cer-
tain subpopulations such as DAH requiring mechanical ven-
tilation or patients with severe renal involvement. These pa-
tients were either excluded from RTX trials or were concom-
itantly treated with a short-course of i.v. CYC [3, 4]. A recent
observational study reported a comparable response-rate in
patients with severe renal function impairment (GFR < 30
ml/min) when comparing RTX with CYC [23].

The role of combined therapy with RTX and CYC for
remission induction in patients with life-threatening manifes-
tations is elusive so far. A retrospective study concluded that
the combination of RTX and low-dose oral CYC (2.5 mg/kg/
day for one week, followed by 1.5 mg/kg/day for 7 weeks)
was effective for induction of remission in severe manifesta-
tions of AAV. Neutropenia occurred in 8.5% of patients lead-
ing to an increased risk of serious infections [24].

A single-centre cohort study including 66 patients with
renal involvement in AAV investigated a combination of oral
GC, RTX, and low-dose pulsed intravenous CYC (10 mg/kg)
followed by maintenance with azathioprine (AZA) and GC.
The 66 included patients were assessed with a case-control
analysis with propensity-matched patients included in the
EUVAS trials and treated with either RTX or CYC to compare
outcomes (relapse-free-, renal- and patient-survival). The
group of patients treated with combined RTX + CYC had a
significant reduced risk of death, ESRD, and relapse com-
pared to the control group treated with either agent alone from
the EUVAS trials cohort [25].

ENDURRANCE-1 trial is an ongoing RCTwith the aim of
comparing RTX plus CYC with RTX alone for remission
induction in patients with severe AAV (ClinicalTrials.gov
Identifier: NCT03942887).

Belimumab is a human monoclonal antibody inhibiting
BLyS that has been approved for treatment of patients with
systemic lupus erythematosus, which could potentially be ef-
fective also in AAV based on the hypothesised benefit of
targeting B-cell cytokines such as BLyS known to be present
at high concentrations in patients with AAV [26]. A
randomised, double blind, controlled trial is currently evalu-
ating whether in patients with proteinase 3 (PR3)-AAV, dual
B-cell immunotherapy by co-administration of RTX and beli-
mumab will improve remission induction as compared to
RTX with placebo (COMBIVAS study, ClinicalTrials.gov
Identifier: NCT03967925).

Evidence for New Induction of Remission Strategies

A non-inferiority RCT (MYCYC) compared mycophenolate
mofetil (MMF) to intravenous CYC as an induction therapy in
140 patients with new-onset GPA or MPA. Patients with
impending life-threatening disease, rapidly declining renal
function or GFR <15 ml/min were excluded [27•]. MMF
was non-inferior to CYC to induce remission, despite higher
relapse rates in the PR3-ANCA subgroup treated with MMF.

Another non-inferiority RCT trial including 84 patients
with non-life-threatening relapses of GPA/MPA compared
MMF with intravenous CYC for remission induction [28].
Most patients were PR3-ANCA positive (89%) and had kid-
ney involvement (75%). All participants were switched to
maintenance therapy with AZA. MMF was non-inferior to
CYC to induce remission at 6 months. At 4 years, relapse rate
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was similar in both groups, and there were no relevant safety
issues. Therefore, remission induction with MMF in patients
without severe renal involvement might be a viable option,
especially in MPA/MPO-ANCA patients.

A small open-label trial with abatacept (intravenous infu-
sions, 10 mg/kg) was conducted for non-severe relapsing
GPA (n = 20 patients), with encouraging results in terms of
disease remission (80% of patients achieving BVAS/WG =
0 at a median of 1.9 months) and steroid sparing effect, with
73% of patients being able to discontinue GC [29]. The effi-
cacy of this therapeutic approach for non-severe relapsing
GPA is being evaluated in an ongoing RCT (ABROGATE
study, ClinicalTrials.gov Identifier: NCT02108860).

There is growing evidence resulting from uncontrolled ob-
servational studies that IL-6 pathway blockade could be an
effective therapeutic option for patients with AAV. Recently,
serum IL-6 concentrations have been correlated with PR3-
ANCA titres and clinical manifestations of AAV [30, 31].
The role of tocilizumab (TCZ) has been investigated in a small
pilot study in six MPA patients without concomitant GC treat-
ment [32]. Two and three patients were able to achieve com-
plete remission at 6 and 12 months, respectively. A Japanese
randomised trial comparing TCZ with CYC for remission in-
duction in GPA and MPA patients is still ongoing [33].

The effect of hydroxychloroquine or placebo, in addition to
maintenance treatment is currently tested in patients with
GPA, MPA, and eosinophilic granulomatosis with polyangii-
tis (EGPA) without organ-threatening relapses in the HAVEN
trial (ClinicalTrials.gov Identifier: NCT04316494).

A recent meta-analysis explored the role of intravenous
immunoglobulins (IVIG) in active AAV. To assess the spe-
cific efficacy of IVIG, avoiding the confounding effect of
concomitant immunosuppressants, a subgroup analysis in-
cluding a small number of patients with stable concomitant
treatment in the weeks preceding the administration of IVIG
was performed. BVAS, but not ANCA titres, nor C-reactive
protein (CRP), significantly decreased after the administration
of IVIG [34]. Further RCTs are necessary to investigate the
possible role of IVIG in patients with AAV. An overview of
published studies supporting novel evidence for induction
strategies in AAV is presented in Table 1.

Innovations in Maintenance of Remission Strategies
for Granulomatosis with Polyangiitis and Microscopic
Polyangiitis

After successful achievement of remission, maintenance immu-
nosuppressive treatment should be initiated with the aim of
reducing relapse risk, tapering GC treatment, and minimising
the burden of damage during follow-up. Several open questions
remain on the optimal duration and intensity of maintenance
therapeutic schemes. An overview of published evidence on
maintenance of remission strategies is presented in Table 2.

Novel Evidence on the Optimal Duration of
Maintenance Immunosuppressive Treatment

The ideal length of maintenance therapy is unknown.
According to EULAR/EDTA recommendations, immunosup-
pressive treatment should be continued for at least 24 months
after induction of sustained remission [43]. According to re-
cent studies, a longer maintenance strategy might be more
efficacious and safe than a shorter treatment duration. In a
retrospective study including 157 remitted patients with
GPA for example, prolonged maintenance treatment with
AZA or methotrexate (MTX) lasting ≥ 36 months led to a
66% reduction of a relapse (HR, 0.59; 95% CI 0.42–0.83; p
= 0.003) [35]. Notably, more than 50% of relapses occurred
after treatment withdrawal and a significant proportion of re-
lapsing patients were taking MTX dose < 15 mg/week or an
AZA dose ≤ 50 mg/day. Recently, the REMAIN trial reported
a lower relapse rate at 48 months following complete remis-
sion induction with CYC and GC in patients with GPA, MPA
and renal-limited vasculitis treated with a longer course of
AZA and GC (48 months), as compared to patients who
stopped maintenance therapy after 18–24 months (22.0% vs
62.7%, respectively, p < 0.001). Persistent ANCA-positivity
at 2 years correlated with a higher relapse risk [36••].

The continuation of immunosuppressive treatment in AAV
patients with ESRD represents a matter of debate, as the risk
of severe infections needs to be balanced against the risk of
potentially severe relapse. MASTER-ANCA (ClinicalTrials.
gov Identifier: NCT03323476) is a RCT with the aim of
demonstrating the superiority of immunosuppressive
treatment discontinuation compared with standard
maintenance therapy in AAV patients reaching ESRD in
terms of severe prejudicial events, defined as both severe
infections and major relapses.

Ongoing Evolving Evidence Supporting the Duration
and Timing for Rituximab Maintenance Treatment

In the MAINRITSAN trial, RTX demonstrated its superiority
over AZA in maintaining remission at 28 months in patients
affected with GPA and MPA, following remission induction
with CYC [37]. In the long-term analysis of this cohort, RTX
confirmed its higher efficacy at 60 months, although the risk
for major relapses was similar in both groups between months
28 and 60 (17% for the AZA arm vs 23% for the RTX arm)
[38••]. Treatment with RTX correlated with a higher survival
rate, while persistent ANCA-positivity was a predictor of sub-
sequent relapse. Relapse rate rapidly increased in the 12
months following AZA withdrawal, whereas most relapses
in RTX-treated patients developed 18–24months after the last
administration, highlighting a more sustained effect of RTX
on disease activity. RITAZAREM trial (ClinicalTrials.gov
Identifier: NCT01697267) compared RTX with AZA in
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remission maintenance of relapsing GPA and MPA.
However, this trial included 170 relapsing patients requiring
remission re-induction treatment with RTX, followed by a
different treatment schedule than that of the MAINRITSAN
trial: RTX 1000 mg every 4 months for five doses [44••].
Despite these successful results, a standardised duration and
timing of RTX administration is not yet available.

TheMAINRITSAN 2 trial evaluated the role of two different
RTX regimens in the prevention of relapses in 162 GPA and
MPA remitted patients [39]: 500 mg infusions according to
ANCA increase/return and/or circulating CD19 B-cell repopu-
lation, versus regular 500 mg infusions at fixed intervals of 6
months. Although relapse rate did not differ between the two
groups (17% in the experimental group vs 9.9% in the control
group, p = 0.2), patients in the experimental arm received fewer
infusions and lower total RTX doses. The maintenance of re-
mission strategy with RTX to ensure the best relapse-free sur-
vival is being evaluated in the MAINTANCAVAS
(ClinicalTrials.gov Identifier: NCT02749292), an open-label,
RCT comparing the re-administration of RTX based on B-cell
reconstitution versus serologic ANCA flare.

Furthermore, a 4-year maintenance treatment with fixed
RTX infusions (every 6 months) has been compared with a
2-year treatment schedule in the MAINRITSAN 3 trial [40].
The results of this trial, which included 97 patients with GPA
and MPA, demonstrated a higher relapse-free survival rate in
patients who underwent a longer maintenance treatment with
RTX, compared with standard maintenance therapy (96% vs
74%, HR 7.5, p = 0.008).

New Insights on the Optimal Dose of Glucocorticoids
for Maintenance of Remission

As the prognosis of AAV significantly improved in the last
decades, long-term management of AAV should focus on
minimising treatment-related morbidity, including chronic GC
toxicity. The optimal duration of GC treatment and its effect
on disease relapses, however, remain to be elucidated. A meta-
analysis including 983 patients reported a lower relapse rate in
patients undergoing longer courses of GC (≥12 months) than
patients who stopped GC treatment prior to 12 months [45].

The optimal duration of GC therapy in AAV is being ad-
dressed by two ongoing studies. The TAPIR trial
(ClinicalTrials.gov Identifier: NCT01933724) is an open-
label study comparing the continuation of low dose GC (5
mg/day) for 6 months with the discontinuation of GC in re-
mitted GPA patients who required in the previous 12months a
GC dose ≥ 20 mg/day . The MAINEPSAN tr ia l
(ClinicalTrials.gov Identifier: NCT03290456) aims at
assessing in patients with GPA and MPA the effect of low
dose GC treatment (5 mg/day) for the 12 months following
diagnosis on the relapse rate as compared to GC cessation
after 1 month.T
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Novel Therapeutic Options for the Maintenance of
Remission

The role of belimumab has been tested against placebo in the
BREVAS trial, a RCT including 105 GPA and MPA patients
receiving maintenance treatment with AZA (2 mg/kg/day)
and low dose GC (≤10 mg/day) following successful remis-
sion induction with RTX or CYC [42]. In this study, patient
enrollment was prematurely interrupted, in part due to chang-
es in treatment practice. Nevertheless, preliminary evidence
suggested that the addition of belimumab (10 mg/kg/month
intravenously) to AZA and GC did not result in a reduction of
the relapse risk (18.9% in the belimumab group vs 21.2% in
the placebo group, HR 0.88, 95% CI 0.29–2.65; p = 0.821).

Reconsidering the Role of Trimethoprim-
sulphametoxazole

Trimethoprim-sulphametoxazole (TMP-SMX) is an antibiotic
that is recommended in the prophylaxis of Pneumocystis
jirovecii pneumonia in patients undergoing remission induction
treatment with CYC or RTX [43]. A rationale for the anti-
microbial and/or anti-inflammatory role of TMP-SMX in GPA
arises from the assumption that the nasal carriage of
Staphylococcus aureus (SA) is associated with the risk of re-
lapses exists [46–48]. Previous evidence, including data from a
RCT, supported the concept that the administration of TMP-
SMX could lead to a reduction of relapses in patients with
GPA [49–53]. In a recent study from the French Vasculitis
Study Group, no differences were observed between AAV pa-
tients with or without nasal carriage of SA concerning relapse
rate even if SA was more prevalent among vasculitis patients
than controls. TMP-SMX decreased the occurrence of nasal car-
riage but this did not affect the relapse rate [54]. Based on these
contradictory results, there is insufficient evidence to recom-
mend TMP-SMX monotherapy to maintain remission in AAV.
A systematic literature review and meta-analysis of the available
evidence on the efficacy of TMP-SMX on relapse occurrence
and infectious risk is ongoing and will inform clinical practice
(Prospero Identifier: CRD42019118983). The effect of a 4-week
course of TMP-SMX on the nasal microbiome and host immu-
nity of GPA patients will be investigated in the TEMPO trial
(ClinicalTrials.gov Identifier: NCT03919435).

Novel Evidence for the Treatment of Eosinophilic
Granulomatosis with Polyangiitis

Over the last decade, research on EGPA treatment has been
focused on the role of eosinophils in its pathogenesis, as well
as on refractory manifestations such as asthma and ear-nose-
throat (ENT) involvement [55]. As IL-5 is the most powerful
eosinophil activator, anti-IL-5 inhibitors, already successfully
used for the treatment of severe asthma, have shown efficacy

in the management of refractory/relapsing patients with
EGPA, leading to the approval of the first drug for treatment
of EGPA, mepolizumab (MEPO).

Mepolizumab

A 52-week randomised placebo-controlled trial (MIRRA) inves-
tigating the efficacy and safety of MEPO (300 mg subcutane-
ously every 4 weeks) in addition to standard of care treatment in
relapsing or refractory EGPA showed a lower relapse rate and a
higher GC-sparing effect of MEPO as compared to placebo
[56••]. Longer accrued weeks of remission were significantly
associated with the former treatment (OR 5.91; 95% CI 2.68,
13.03; p < 0.001). Nevertheless, remission (defined as BVAS =
0 and GC ≤ 4 mg/day over a 52-week period) still did not occur
in 47% of participants in the MEPO group and in 81% in the
placebo group. A post-hoc analysis of the clinical benefit of
MEPO using a different comprehensive definition of benefit
including remission [two definitions: (1) BVAS = 0 with GC ≤
4 mg/day; (2) BVAS = 0 with GC ≤ 7.5 mg/day], ≥ 50% GC
dose reduction, and no relapses, led to significantly higher fre-
quencies of clinical benefit obtained with MEPO (ranging 78–
87% of patients included in the trial) [57]. An extension of the
MIRRA trial is ongoing to investigate the long-term effect of
MEPO (ClinicalTrials.gov Identifier: NCT03298061). The
majority of patients included in the MIRRA trial had asthma,
pulmonary, and sinonasal involvement, while more severe
manifestations (e.g. cardiomyopathy, glomerulonephritis,
DAH) were rare. Hence, the efficacy of MEPO in severe cases
of EGPA requires further studies [58, 59]. An ongoing European
collaborative real-life observational project (the European EGPA
Study Group) has confirmed in 142 patients positive effects of
MEPO on systemic disease manifestations including neurologi-
cal symptoms, pulmonary and ENT involvement [60].

Other Interleukin-5 Inhibitors

There are two ongoing RCTs assessing the role of reslizumab
(an anti-IL5 humanised monoclonal antibody) and
benralizumab (an anti-IL5-receptor humanised monoclonal
antibody) in the treatment of patients with EGPA
(ClinicalTrials.gov Identifier: NCT02947945 and
NCT03010436, respectively). Moreover, a randomised
double-blind active-controlled 52-week study (ClinicalTrials.
gov Identifier: NCT04157348) with an open-label extension
is being conducted with the aim of evaluating the efficacy and
safety of benralizumab compared to MEPO as add-on therapy
to the standard of care in EGPA patients.

Preliminary Observational Evidence on Omalizumab

Omalizumab, an anti-IgE humanised monoclonal antibody, is
currently used in patients with IgE-mediated asthma. However,
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no RCTs have investigated its role in EGPA. Detoraki et al.
evaluated the efficacy and safety of omalizumab in a 36-month
observational study including 5 EGPA patients, demonstrating
an improvement of pulmonary function, a diminished eosinophil
count and successful GC tapering [61]. Similar results were re-
ported in two other small case series [62, 63]. Nevertheless, in a
case series of 17 EGPA patients, omalizumab was discontinued
in 4 patients due to disease relapses and in 2 due to refractory
disease [62]. Indeed, omalizumab has been linked to the potential
occurrence of EGPA in patients with severe asthma, although
this observation might have been confounded by a prompt dis-
continuation of GC in these patients [64, 65].

Rituximab for the Management of Severe
Manifestations of Eosinophilic Granulomatosis with
Polyangiitis

In retrospective cohort studies, RTX has shown effectiveness
in controlling disease manifestations and revealed GC-sparing
effects in patients with EGPA with refractory or relapsing
course, especially in patients with ANCA positivity [66, 67].
Nevertheless, data from a retrospective cohort of 69 patients
(35% ANCA positive) treated with RTX for refractory/
frequently relapsing EGPA or contraindication to CYC
showed high rates of asthma/ENT relapses even if RTX re-
sulted in overall improvement of the disease in over 90% of
patients by 24 months [67].

Patients with EGPA were excluded from RAVE and
RITUXVAS trials leading to the approval ofRTXonly for severe
cases of GPA andMPA [3, 4]. According to the EULAR/EDTA
recommendations for the management of AAV, the use of RTX
as a remission-induction therapy for EGPA is supported by a
lower level of evidence derived from observational data only
[68]. In 2016 and 2017, the French Vasculitis Study Group pro-
posed two RCTs to assess the efficacy of RTX as compared to
CYC in the induction of remission in newly diagnosed or relaps-
ing patients with EGPA (REOVAS, ClinicalTrials.gov Identifier:
NCT02807103) and as a maintenance of remission treatment
(MAINRITSEG, ClinicalTrials.gov Identifier: NCT03164473)
in comparison to AZA.

Conclusions

The management of patients with AAV has gone through re-
markable advances over the past few years. Novel strategies for
induction of remission are now available, and a number of on-
going RCT will likely expand the treatment options in the near
future. The optimal length of maintenance immunosuppressive
treatment to prevent relapses, as well as the intensity of specific
target therapies administration is still debated and will be further
clarified by the results of ongoing studies. Finally, new therapeu-
tic strategies are being investigated in order to induce and

maintain remission over time and provide a viable alternative
to traditional immunosuppressants and even to GC.

GPA, granulomatosis with polyangiitis;MPA, microscopic
polyangiitis; EGPA, eosinophilic granulomatosis with polyan-
giitis; MMF, mycophenolate mofetil; CYC, cyclophospha-
mide; AZA, azathioprine;MTX, methotrexate; RTX, rituximab;
RCT, randomised controlled trial; IVIG, intravenous immuno-
globulins; NA, not available; TCZ, tocilizumab
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