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a b s t r a c t

Targeted immunotherapy is substantially improving the management of ANCA-associated vasculitides
(AAV), which include granulomatosis with polyangiitis (GPA, Wegener’s granulomatosis), microscopic
polyangiitis (MPA), and eosinophilic granulomatosis with polyangiitis (EGPA, Churg–Strauss syndrome).
This article reviews the current role for targeted immunotherapy in AAV, its validated indications, and
avenues for further development. Rituximab is a validated induction treatment for GPA and severe MPA.
Rituximab in these indications is not less effective than cyclophosphamide and is particularly useful
in patients with refractory or relapsing disease, women of childbearing potential, and patients previ-
ously treated with cyclophosphamide. Rituximab is more effective than cyclophosphamide for treating
relapses. For remission maintenance therapy, which is indispensable, rituximab has been proven superior
over conventional immunosuppressive treatment. Rituximab is licensed in the USA and in Europe for the
induction treatment of severe forms of GPA and MPA. An extension study for remission maintenance ther-
apy is ongoing. In EGPA, although maintenance treatment with the interleukin-5 antagonist mepolizumab
is effective in decreasing glucocorticoid requirements and in alleviating asthma and sinonasal symptoms,
its efficacy on the vasculitis remains somewhat unclear. Mepolizumab is licensed for use in EGPA, and
rituximab is also being evaluated as an induction and maintenance agent. Immunoglobulins can be help-
ful as an adjuvant treatment for active AAV with severe immunedepression, notably when infections
occur. Plasma exchange is indicated in AAV with advanced renal dysfunction and, perhaps, in the event
of alveolar hemorrhage, a possibility that will be assessed in 2018 in a large international study.

© 2018 Société française de rhumatologie. Published by Elsevier Masson SAS. All rights reserved.

1. Principles of the treatment of ANCA-associated vasculitis
(AAV)

1.1. Granulomatosis with polyangiitis (GPA)

Granulomatosis with polyangiitis (GPA, Wegener’s granu-
lomatosis) requires induction therapy with a combination of
high-dose glucocorticoids and immunosuppressants (cyclophos-
phamide or rituximab or, in limited forms, methotrexate) to obtain
a remission [1,2]. As soon as this goal is achieved, the patient is
switched to remission maintenance therapy, which classically con-
sisted in azathioprine or methotrexate [1–4]. Prolonged treatment
is needed to control the disease. Despite maintenance therapy, over
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half the patients experience relapses [4]. One consequence is a high
incidence of severe adverse events.

1.2. Microscopic polyangiitis (MPA)

A treatment strategy must be designed in a specialized depart-
ment, based on disease severity as assessed by the Five-Factor Score
(FFS) [2,5] (Table 1). Induction therapy to obtain a remission relies
chiefly on glucocorticoids [2,6], which are combined with immuno-
suppressants if the FFS is 1 or higher [2,5,7]. Remission maintenance
therapy is then started, classically using azathioprine or methotrex-
ate if the FFS is 1 or higher [2–4].

2. B-cell targeted therapies

2.1. Rationale for targeting B-cells

Many lines of evidence support the use of biotherapies target-
ing the B-cell in patients with AAV. Both B-cell activation and the
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Table 1
Five-Factor Score evaluating factors of adverse prognostic significance in patients
with microscopic polyangiitis, granulomatosis with polyangiitis (Wegener), and
eosinophilic granulomatosis with polyangiitis (Churg–Strauss) [5].

Age older than 65 years
Serum creatinine > 150 �mol/L
Specific cardiomyopathy
Specific gastrointestinal involvement
Absence of ENT involvement in a patient diagnosed with granulomatosis with

polyangiitis (Wegener) or eosinophilic granulomatosis with polyangiitis
(Churg–Strauss)

The prognostic Five-Factor Score (FFS) is 0 when all five factors are absent and equals
1 when a single factor is present, 2 when two factors are present, and so on.

level of B-cell-activating factor (BAFF) correlate with disease activ-
ity [8,9]. Granulomas contain foci characterized by an abundance of
CD20+ B-cells including autoreactive memory B-cells that exhibit
affinity for the PR3 antigen of anti-neutrophil cytoplasmic antibod-
ies (ANCAs) and secrete autoantibodies [10,11]. ANCAs are known
to be involved in the pathogenesis of AAV [12]. In addition, ANCAs
stimulate neutrophils to release BAFF, which may then perpetuate
the production of ANCA by increasing the survival of autoreactive
B-cells [13].

2.2. Rituximab

Rituximab is a chimeric monoclonal antibody to the CD20 recep-
tor on the surface of B-cells. CD20 is highly specific of mature B-cells
and is absent from B-cell precursors and plasma cells. By binding
to CD20, rituximab destroys the B-cells.

2.2.1. Rituximab for induction therapy
Rituximab is an option for the induction treatment of AAV. Rit-

uximab was licensed in the USA in April 2011, in combination with
glucocorticoids, for the treatment of GPA and MPA in adults. In
March 2013, rituximab was licensed in Europe, in combination with
glucocorticoids, for severe GPA and MPA.

The preliminary open-label studies were conducted in patients
with GPA, most of whom had refractory disease [14,15]. The com-
plete remission rate was greater than 75%. The time to maximal
effect was up to 3 months. Granulomatous forms responded less
well than did vasculitic forms [16].

Two multicenter randomized controlled trials compared rit-
uximab (4 infusions of 375 mg/m2 at 1-week intervals) to
cyclophosphamide, combined with glucocorticoid therapy, for the
induction treatment of GPA or MPA. The remission rates were
similar with the two medications, as was the short-term safety
profile [17,18]. However, for the treatment of relapses, rituximab
was associated with a higher remission rate [18]. Patients ran-
domized to cyclophosphamide who failed to respond to this drug
were then switched to rituximab, which provided a remission in
most of these cases of refractory vasculitis [19]. A post hoc anal-
ysis suggested that patients with PR3-ANCA may respond better
to rituximab compared to patients with ANCA to myeloperoxidase
(MPO-ANCA) [20]. The rate of remissions lasting at least 18 months
was not lower in patients given only four weekly rituximab infu-
sions compared to those given cyclophosphamide followed, once a
remission was achieved, by azathioprine as maintenance therapy
for 12 to 15 months [21]. In the extension phases of these trials,
the adverse event rates were comparable after 18 months between
the two treatment arms. Rituximab is also effective for obtaining a
new remission after a relapse in patients whose first remission was
induced by rituximab [22,23].

Both randomized controlled trials included only a limited num-
ber of patients with MPA [17,18]. The remission rate was not
different between the two medications, and neither was the short-
term safety profile.

In everyday practice, rituximab for induction and maintenance
therapy has also produced excellent outcomes in GPA [24]. After
2 years, the treatment continuation rate was 78% and the relapse-
free survival rate was 85%. Furthermore, the safety profile was
satisfactory, with severe infection and severe adverse event rates
of 4.9 and 8.1/100 patient-years, respectively.

Rituximab for induction therapy also constitutes a therapeutic
advance in patients with severe GPA or MPA, notably those with
relapsing or refractory disease, as well as in women of childbearing
potential. Furthermore, rituximab therapy eliminates the need for
high cumulative cyclophosphamide dosages, which are associated
with increased risks of lymphoma and urinary bladder tumors.

2.2.2. Rituximab for remission maintenance therapy
Remission maintenance therapy is indispensable once a remis-

sion has been achieved using rituximab [25,26]. The multicenter
open-label randomized controlled trial MAINRITSAN conducted by
the French Vasculitis Research Group [Groupe français d’étude des
vascularites (GFEV)] established the efficacy of rituximab as remis-
sion maintenance therapy in patients who had newly diagnosed or
relapsing GPA or MPA with a cyclophosphamide-induced remis-
sion. Low-dose (500 mg) rituximab infusions given at 6-month
intervals led to a 6-fold decrease in the risk of severe relapse within
28 months compared to conventional maintenance therapy with
azathioprine for 22 months, with no difference in safety [27]. In
addition, 5-year follow-up data showed that rituximab was more
effective in preventing relapses than was conventional initial aza-
thioprine therapy, with no difference in safety and with better
survival [28]. The results of the MAINRITSAN trial have led to a
license application for rituximab as remission maintenance therapy
in GPA and MPA, which is currently under examination.

Nevertheless, delayed relapses have been reported after main-
tenance rituximab therapy. Risk factors for relapse consist of GPA
[21], previous relapse [21], initially positive tests for PR3-ANCA
[21,28], and persistently positive tests for ANCA [28]. The potential
benefits of prolonging rituximab maintenance therapy are being
evaluated by the GFEV and will be particularly important to assess
in patients at high risk for relapse with current or past positive tests
for PR3-ANCA.

Another international randomized controlled trial is under way
to determine whether rituximab (1 g at 4-month intervals) is more
effective than azathioprine for remission maintenance in patients
with a rituximab-induced remission of GPA or MPA [23].

Comparative studies have sought to determine the optimal rit-
uximab strategy for remission maintenance. Although monitoring
B-cell recovery or ANCA titer ascension after rituximab therapy fails
to reliably predict relapses, combining both markers can be useful
to determine whether re-treatment is appropriate in the individual
patient [29,30]. The multicenter randomized controlled trial MAIN-
RITSAN 2 conducted by the GFEV found similar relapse rates when
rituximab was given either on a fixed 6-monthly schedule or only in
the event of an ANCA titer increase or B-cell recovery, although the
number of rituximab infusions was lower with the latter strategy
(median, 3 versus 5) [30].

2.2.3. Adverse effects of rituximab
Rituximab is associated with adverse events, which are domi-

nated by infections [15]. Pneumocystis jiroveci pneumonia has been
reported, and prophylactic therapy is recommended throughout
rituximab therapy and subsequently until B-cell recovery [31]. Pro-
gressive multifocal leukoencephalopathy (PML) has occurred in a
few patients [32], as well as hepatitis-B reactivation. No evidence
exists that rituximab is associated with an increased risk of solid
cancer. On the opposite, in patients given induction therapy for
AAV, those given rituximab may be at lower risk for cancer than
those given cyclophosphamide [33]. Rituximab may induce the
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release of cytokines, which can lead to injection reactions (fever,
chills, and hemodynamic changes). These reactions occur chiefly
during the first few injections and do not contraindicate further
rituximab therapy. Serum sickness-like symptoms with the devel-
opment of antibodies to the chimeric monoclonal antibody are
rare and include arthralgia and fever, with onset after the third
day. Patients may experience persistent hypogammaglobulinemia
after rituximab therapy, with an increased risk of infection. Finally,
cases of delayed neutropenia and of induced vasculitis have been
reported with rituximab.

2.2.4. Conclusions about rituximab
Rituximab therapy is not recommended in the situations that

were excluded from the pilot study [18], i.e., EGPA, anti-glomerular
basement membrane antibody (anti-GBM) disease (Goodpasture
syndrome), alveolar hemorrhage requiring mechanical ventilation,
and renal failure with a serum creatinine level above > 350 �mol/L.

In conclusion, anti-CD20 agents constitute a novel therapeutic
approach that is particularly useful for the induction treatment of
refractory or relapsing disease, in women of childbearing poten-
tial, and for remission maintenance therapy in patients with
severe AAV. Anti-CD20 agents will limit the risk of long-term
cyclophosphamide-related complications and may diminish the
glucocorticoid requirements in patients with AAV, notably GPA.
Nevertheless, long-term studies, which are not yet available, must
be performed to better define the efficacy and safety of anti-CD20
agents and their effect on management costs in patients with these
chronic diseases.

2.3. Other B-cell targeted therapies

Other treatment options evaluated in patients with GPA tar-
get either the cytokine B lymphocyte stimulator (BLyS) or BAFF.
BAFF plays a central role in B-cell selection, differentiation, and
homeostasis, and BAFF overexpression may promote the survival of
autoreactive B-cells. BLyS levels are elevated in patients with AAV,
notably those with GPA [13,34]. ANCAs can increase the release
of BLyS by activated polymorphonuclear cells, thereby promoting
the survival of activated B-cells [13]. The monoclonal anti-BLyS
antibody belimumab, when evaluated in combination with azathio-
prine for the remission maintenance treatment of GPA and MPA,
failed to lower the relapse rate compared to azathioprine therapy
alone [35].

3. TNF� antagonists

3.1. Rationale for using TNF˛ antagonists

Several arguments suggest that targeting TNF� may provide
benefits in patients with AAV. In a murine model, TNF is required
to produce an inflammatory response [36]. The messenger RNA
(mRNA) for TNF is upregulated in mononuclear cells from patients
with GPA [37]. TNF� promotes the translocation of the PR3 anti-
gen, which is normally located in the cytosol, to the membrane of
polymorphonuclear cells, where it is available for binding to ANCA
[38]. TNF� is produced within extravascular sites involved with
GPA [39].

3.2. Available data on infliximab

Infliximab is a chimeric monoclonal antibody specifically
directed against TNF�. In a few patients, a brief course of infliximab
was used for the induction treatment of refractory GPA, after failure
of conventional therapy, with no concomitant immunosuppressant
agent. In open-label studies, which included about 40 patients in

all who had failed treatment for GPA, infliximab produced a remis-
sion in over 80% of cases [40]. A pilot study performed in France
randomly allocated patients with vasculitis refractory to several
lines of immunosuppressant therapy to rituximab or infliximab
[41]. Although a few patients responded to infliximab, there was a
trend in favor of rituximab, which has now completely superseded
infliximab in this indication. Infliximab is also associated with an
increased risk of severe infection.

3.3. Available data on etanercept

Etanercept is a soluble TNF� receptor. The only randomized con-
trolled trial published to date compared etanercept to a placebo in
addition to standard therapy in patients with GPA [42]. Etanercept
provided no benefits when used for maintenance and the same may
apply also to induction therapy. Furthermore, the risk of solid can-
cer was higher in the group given etanercept versus the placebo, in
combination with cyclophosphamide.

4. Intravenous immunoglobulins

Immunoglobulins are chiefly composed of human immunoglob-
ulin G (IgG). Several mechanisms of action have been identified,
including neutralization of circulating antibodies; modulation of
the complement cascade; and control of B-cell activation, T-cell
subsets, dendritic cell function, granulocyte activity, and NK cells.
These mechanisms may be interlinked. The therapeutic effect is
related to the constant fragment (Fc) and its degree of sialylation,
which seems to play a major role. The interaction of the Fc frag-
ment of IgGs with the Fc� receptor on target cells seems crucial,
although immunoglobulins also seem to exert a variety of effects
on the innate and adaptive immune systems.

Interest in intravenous immunoglobulin therapy (IVIg) for the
treatment of AAV arose when studies showed that IVIg pre-
vented the development of coronary aneurysms in patients with
Kawasaki disease. In AAV, IVIg has been chiefly used to treat
relapses, although studies in treatment-naive patients have also
been reported [43,44]. IVIg therapy in AAV decreases the ANCA
titer and is clinically effective in some patients. Tolerance is usually
good. Nevertheless, some patients relapse when the IVIg infusions
are stopped, limiting the value of this treatment option. IVIg ther-
apy can be particularly helpful when administered in combination
with an immunosuppressant to tide a patient with active AAV and
severe immunodepression over a difficult period, notably during
an infection. IVIg is given either in a dosage of 2 g/kg/month over
2 days or more gradually in a dose of 0.4 g/kg/day for 5 days, par-
ticularly in patients with renal dysfunction. An application for a
marketing license has been submitted.

5. Plasma exchange

Plasma exchange was first suggested for the treatment of AAV
because ANCA was believed to play a pathogenic role. No sound
evidence exists to date that plasma exchange may be beneficial as
a first-line treatment for AAV in the absence of renal involvement
[2]. In patients with advanced renal failure, however, plasma
exchange is indicated. In a randomized controlled trial, in patients
whose baseline serum creatinine level was above 500 �mol/L,
plasma exchange was significantly more effective than methyl-
prednisolone boluses in decreasing the dialysis rates after 3 and
12 months [45]. However, plasma exchange did not affect overall
survival, and the renal function benefits may not be sustained in
the long-term. Plasma exchange therapy has also been suggested
for patients with alveolar hemorrhage, in the absence of scientific
evidence to date. An international study in over 700 patients
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was performed to evaluate the benefits of plasma exchange
in patients with moderate renal failure or alveolar hemorrhage
(https://clinicaltrials.gov/ct2/show/NCT00987389?term=pexivas&rank=1).
The preliminary results will become available in 2018.

6. T-cell co-stimulation modulators and T-cell targeted
therapies

Alemtuzumab is a humanized monoclonal antibody to the lym-
phocyte marker CD52. Although chiefly used in hematological
malignancies, alemtuzumab has also been given as rescue therapy
to a few patients with very severe and refractory vasculitis [46].
Alemtuzumab induces lymphopenia and is therefore associated
with a high risk of infection.

The T-cell co-stimulation inhibitor abatacept produced encour-
aging results in an open trial. A randomized placebo-controlled trial
is under way in patients with relapsing non-severe GPA (https://
clinicaltrials.gov/ct2/show/NCT02108860?term=abrogate&rank=1).

7. Eosinophilic granulomatosis with polyangiitis (EGPA,
Churg-Strauss syndrome)

7.1. Principles of the treatment of eosinophilic granulomatosis
with polyangiitis (EGPA)

EGPA can be treated only at specialized centers. Glucocorticoids
remain the mainstay of the treatment of EGPA [2]. Immunosuppres-
sants, notably cyclophosphamide, are indicated in patients whose
FFS indicates a poor prognosis (Table 1) [5], which is rarely the
case. In these patients, cyclophosphamide is not indicated as first-
line therapy but may be considered if glucocorticoid therapy alone
fails or a relapse occurs [2].

7.2. Rituximab

Rituximab has been proven beneficial for the induction treat-
ment of severe GPA and MPA in two randomized controlled trials,
both of which excluded patients with EGPA. Experience with rit-
uximab in EGPA is therefore too limited to consider this drug as an
alternative to first-line cyclophosphamide for the induction treat-
ment of EGPA [2,15].

Several small studies have been reported. They obtained encour-
aging results with rituximab for induction and maintenance
therapy. The largest retrospective study included 41 patients with
EGPA, of which one-third had refractory vasculitis and half had
relapsing vasculitis [47]. The remission rates were 33% and 50%,
respectively, 6 and 12 months after rituximab initiation. Com-
plete remission after 12 months was significantly more common in
patients with than without ANCAs (80% versus 38%, respectively).
In a limited number of patients with EGPA, another retrospec-
tive study recently showed that the relapse-free survival rate was
higher with 6-monthly rituximab infusions for maintenance ther-
apy [48].

In France, the randomized controlled double-blind trial REOVAS
is comparing rituximab to conventional induction treatment, in
combination with standard glucocorticoid therapy, in patients with
EGPA (ClinicalTrials.gov NCT02807103). This trial will include 118
patients. Patients with a good prognosis as assessed by the FFS [1]
are randomized to rituximab or a placebo and those with cardiac,
renal, or gastrointestinal involvement to rituximab or cyclophos-
phamide. The objective is to determine the efficacy of rituximab in
inducing a remission of the vasculitis after 6 months with a pred-
nisone dosage no greater than ≤ 7.5 mg/day.

The MAINRITSEG double-blind trial is an extension of the
above-described trial within the GFEV that compares rituximab

to azathioprine for remission maintenance in patients with EGPA
(ClinicalTrials.gov Identifier: NCT03164473). Rituximab is given as
500-mg infusions every 6 months for 18 months and azathioprine
in a dosage of 2 mg/kg/d orally for 24 months. The main outcome
measure is the duration of vasculitis remission with a prednisone
dosage no greater than 7.5 mg/d.

7.3. Mepolizumab and other interluekin-5 (IL-5) inhibitors

Evidence that interleukin-5 (IL-5) plays a key role in the patho-
genesis of EGPA by stimulating eosinophil activation and survival
has prompted studies of the humanized monoclonal anti-IL-5 anti-
body mepolizumab as a therapeutic agent. Mepolizumab is licensed
for the treatment of severe eosinophilic asthma. For EGPA, the Food
and Drug Administration has granted a license extension, and reg-
istration of the drug with the European Medicine Agency is under
way.

The first two studies of mepolizumab in EGPA were open-label
evaluations, each in about 10 patients [49,50]. A glucocorticoid-
sparing effect was demonstrated, with no vasculitis flares as long as
the drug was continued but frequent relapses after it was stopped.
The safety profile seems good. An international Phase III random-
ized controlled trial randomized 136 patients with relapsing or
refractory EGPA to either a monthly subcutaneous injection of
mepolizumab or a placebo, in addition to standard treatment. Com-
pared to the placebo arm, the mepolizumab arm had a higher
remission rate and longer remission duration (including control
of the asthma and sinonasal symptoms), as well as lower gluco-
corticoid requirements [51]. Whether the benefits of mepolizumab
are due solely to improved control of the asthma and sinonasal
symptoms or also to efficacy against the extra-pulmonary mani-
festations remains to be evaluated [52]. A trial conducted by the
GFEV will start soon to evaluate the efficacy of mepolizumab for
the induction treatment of EGPA.

Other biological agents targeting either IL-5 (reslizumab) or
its receptor (benralizumab) and licensed for use in eosinophilic
asthma are being evaluated in patients with EGPA (ClinicalTri-
als.gov NCT02947945 and NCT03010436) [53].

7.4. Omalizumab

Omalizumab is a monoclonal anti-IgE antibody licensed for use
in severe persistent allergic asthma. Most of the published data
on omalizumab in EGPA come from anecdotal case reports and
small retrospective studies, whose results are conflicting. Benefi-
cial effects have been reported in fewer than 30 patients to date.
Furthermore, a few case reports suggest that omalizumab may con-
tribute to trigger vasculitis flares [54,55].

7.5. Interferon ˛ (IF˛)

Interferon � (IF�) inhibits eosinophil degranulation and effec-
tor functions. IF� has been used successfully in a few patients with
severe EGPA [56,57]. Nevertheless, the available experience is lim-
ited, and IF� therapy cannot be recommended until its benefits
are validated in a larger number of patients. Cases of apparently
noninfectious leukoencephalopathy during IF� therapy have been
reported, raising the issue of a possible precipitating role for IF�
[58].

7.6. TNF˛ antagonists

Experience with TNF� antagonists in EGPA is extremely limited.
A few patients with extremely severe refractory EGPA despite glu-
cocorticoid and cyclophosphamide therapy showed some measure

https://clinicaltrials.gov/ct2/show/NCT00987389?term=pexivas&amp;rank=1
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of responsiveness to TNF� antagonist therapy [59]. TNF� antago-
nists cannot be recommended for EGPA at present.

8. Intravenous immunoglobulin therapy (IVIg)

IVIg is sometimes used in patients with EGPA and ANCA anti-
bodies, by analogy with AAV. The total dosage is 2 g/kg in two
infusions or, particularly in patients with renal dysfunction, over
5 days. Although not recommended as a first-line treatment, IVIg
may be useful in combination with other medications in patients
who are unresponsive to glucocorticoid and immunosuppressant
therapy (refractory vasculitis) and in patients with severe immun-
odepression, notably those with infections.
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