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Abstract Most patients presenting with systemic necrotizing
vasculitides improve when they are adequately treated. The
presence of life-threatening manifestations or visceral in-
volvement modifying organ function characterizes severe vas-
culitis, confirmed by disease-severity scores. Sequelae cannot
always be predicted and prevented but organ involvement
present at disease onset requires rapid therapeutic interven-
tion. Some patients present a persistent active disease, which
does not respond to treatments and deserve other drugs or
combination of drugs. The therapeutic options for severe and/
or relapsing and refractory diseases are described.
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Introduction

In the 1970s, outcomes of vasculitides were poor and survival
rate was low around 10%without treatment and reached 50%
when patients received only corticosteroids [1]. Survival im-
proved significantly when cyclophosphamide was combined
with corticosteroids [2] and, for the first time, complete re-
missions were obtained in patients considered refractory to
corticosteroids. Over the last 3 decades, survival has contin-
ued to improve, with fewer and less severe sequelae, mainly
the consequence of optimization of treatment strategies.

During the last few years, a new step towards better care of
vasculitis patients has been evaluated, based on new drug
families, named biotherapies. These new agents are promising
but therapeutic strategies remain to be determined and
assessed, especially for diseases considered refractory to con-
ventional treatments.

This article reviews treatments of severe and/or refractory
vasculitides—even though therapeutic strategies sometimes
differ according to the precise context being addressed—fo-
cusing on antineutrophil cytoplasm antibody (ANCA)-associ-
ated vasculitides(AAV), comprising granulomatosis with po-
lyangiitis (Wegener’s) (GPA), microscopic polyangiitis
(MPA) and eosinophilic granulomatosis with polyangiitis
(Churg–Strauss) (EGPA).

Definitions of Severe and/or Refractory Vasculitis

The presence of life-threatening manifestations or visceral
involvement modifying organ function characterizes severe
vasculitis, as shown in many reported series [3•, 4•, 5•] and
confirmed by disease-severity scores [6••]. Sequelae cannot
always be predicted and prevented but organ involvement
present at disease onset requires rapid therapeutic
intervention.

Vasculitis refractory to treatment is an evolving concept. In
1979, when Fauci et al. [2] demonstrated cyclophosphamide
efficacy to control vasculitis, the disease was considered re-
fractory to the “gold standard” of that time. Because of pro-
gressive improvement of therapeutic strategies, decade after
decade, the number of vasculitides not responding to treat-
ments decreased but did not completely disappear. In such
cases, new therapeutic approaches, like newly available drugs
or combinations of drugs, deserve evaluation. Refractory
AAV is not synonymous with severity. GPA patients often
have chronic manifestations, especially affecting the ear, nose
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and throat (ENT) and/or upper respiratory tract. Their clinical
manifestations are not always severe but should be consid-
ered, based on facial tissue necrosis, for instance, as progres-
sively destructive, chronic and refractory to conventional
drugs.

Corticosteroids and Cytotoxic Drugs

Patients are treated with prednisone or prednisolone at the
initial dose of 1 mg/kg/day. For severe AAV, pulse methyl-
prednisolone, 7.5–15 mg/kg/day, can be administered for 1–3
days. Consensus on the initial corticosteroid dose has been
reached but not its duration or tapering schemes. The Euro-
pean Vasculitis (EUVAS) Group [7••] and the Vasculitis Clin-
ical Research Consortium (VCRC) recommend tapering ste-
roids quickly, by 25 % every week until the 7th week, when
the prednisone dose could reach one-third of the initial dose.
We also demonstrated that, for elderly patients, the prednisone
and cyclophosphamide doses could be reduced by at least one-
third, while maintaining the clinical response and limiting the
number and severity of adverse events [8].

When AAV do not respond to treatment or are severe, we
usually intensify corticosteroids to the dose able to control the
disease and maintain that dose for 2–3 weeks, before again
starting to taper the drug. We also showed that corticosteroids
alone can be sufficient to control some forms of vasculitis
without poor-prognosis factors [6••, 9, 10]. In contrast, for
severe AAV or disease considered refractory to treatments, at
least a combination of corticosteroids and cytotoxic agents was
prescribed [11, 12]. Cytotoxic drugs are mandatory for severe
AAV or those not responding to corticosteroids and some
vasculitides like GPA. Cyclophosphamide is the standard cyto-
toxic agent. In Europe and someUS centers, cyclophosphamide
is administered intravenously (0.5–0.7 g/m2, every 2–3 weeks)
but Americans tend to prescribe oral cyclophosphamide, at 2
mg/kg/day. Both administration routes are effective, with the
major advantage for intravenous (IV) treatment being a lower
total cumulative dose and, thus, fewer side effects (infections,
sterility and malignancies) [13]. Before the more widespread
use of rituximab, we routinely started AAV treatment with IV
cyclophosphamide and switched to oral treatment to obtain
remission. Since rituximab became available, we no longer
recommend switching to oral cyclophosphamide but rather
giving rituximab as second-line therapy [14•].

Other cytotoxic drugs can be prescribed to control AAV
refractory to combined corticosteroids and cyclophospha-
mide. These drugs, which are necessarily more powerful than
cyclophosphamide or rituximab to induce remission, can be
effective against chronic refractory AAV. In a prospective trial
[15], mycophenolate mofetil non-inferiority could not be
demonstrated at 6 months, compared to cyclophosphamide,
as therapy for newly diagnosed AAV. It is therefore

improbable that mycophenolate mofetil could be a drug suf-
ficiently potent to induce remission of severe or refractory
AAV. Methotrexate is a cytotoxic agent that could be a useful
alternative when prescribed to treat some predominantly gran-
ulomatous, non-renal forms of GPA [16]. Indeed, in conjunc-
tion with corticosteroids, it induced remission as effectively as
cyclophosphamide in a prospective study [16]. Despite a
higher relapse rate in the methotrexate arm, this drug has
shown some efficacy, making it a valid option for induction
or maintenance therapy for patients with non-renal AAV [17].

Modulators of Immunity and Biotherapies

These treatments include agents that are not cytotoxic drugs,
and their therapeutic effects are obtained through different
specific mechanisms: neutralization or removal of autoanti-
bodies, cytokines, cell-receptor blockade or others, which are
not yet fully elucidated. Plasma exchanges, IV immunoglob-
ulins (IVIg), anti-TNF–blocking agents, abatacept and anti-
CD20 meet this definition.

Plasma Exchanges

Plasma exchanges have been proposed to treat vasculitis since
the 1970s. The benefit for patients with rapidly progressive
crescentic glomerulonephritis was shown in two small series
[18, 19•]. The first controlled trials [20, 21], designed to treat
all vasculitis forms, did not show any improved survival
advantage. Similar results were obtained when plasma ex-
changes, added to corticosteroids and cyclophosphamide,
were prescribed to treat severe vasculitis [21]. However, their
efficacy was proven more recently when their use focused on
patients with severe renal insufficiency (creatininemia >500
μmol/l). The results of a prospective, randomized trial [22]
showed that adding plasma exchanges to oral cyclophospha-
mide and corticosteroids was superior to the arm comprising
pulse methylprednisolone to reduce the severity of renal im-
pairment. But that trial failed to show a survival benefit. The
new ongoing PEXIVAS trial aims to evaluate plasma ex-
changes together with a lower steroid dose to treat AAV with
creatininemia clearance <50 ml/min.

Anti-Tumor Necrosis Factor Biotherapies

Amonoclonal antibody directed against TNFα (infliximab) or
an analogue of its receptor (etanercept) has been used to treat
systemic necrotizing vasculitides (SNV) [23, 24]. Infliximab,
a humanized anti-TNFαmonoclonal antibody, in combination
with conventional therapy, achieved clinical remissions in
88 % of the patients with acute or persistently active AAV
enrolled in an open, prospective trial [24]. In 2002, we report-
ed our experience with infliximab to treat severe refractory
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SNV, including 7 patients with GPA, all of whom entered
complete or partial remission [23].

More recently, we reported on our long-term experience
with 15 patients with refractory or relapsed SNV that con-
firmed infliximab efficacy in the short term but also revealed
that its beneficial effect was temporary [25]. Etanercept, an-
other TNF blocker, which is comprised of a soluble protein of
the p75 TNF-receptor-derived epitope fused to the Fc portion
of IgG, was prescribed to treat AAV, also in conjunction with
conventional therapy, but with a different aim—to lower the
relapse rate. Indeed, compared to placebo (the WGET trial)
and in combination with induction therapy (cyclophospha-
mide or methotrexate for limited disease), etanercept did not
prevent relapses [26]. Etanercept and perhaps other TNF
blockers should probably not be considered for maintenance
therapy, but rather as potential rescue therapies for some
patients with refractory AAV.

The long-term effects of anti-TNF blockers on AAV have
not been evaluated but, like other diseases for which it is
prescribed, the infectious risk should be considered. More-
over, in the etanercept trial, six cancers were diagnosed, all in
the experimental arm, and three additional cancers were diag-
nosed later, two of them in the placebo group [26]. We
compared infliximab versus rituximab in addition to conven-
tional cytotoxic drugs and corticosteroids to control severe or
refractory AAV [27]. That study’s results showed some re-
sponders in each arm, and rituximab superiority to infliximab
to induce remission and control the disease over the long term.
It now seems clear that anti-TNFα–blocking agents are not
sufficiently effective to maintain remission and that their
ability to induce remission is very limited. However, for
selected patients whose vasculitides do not respond to con-
ventional treatments, infliximab (more than etanercept, which
is not active against granuloma) could be prescribed in com-
bination with other therapeutics.

IVIg

IVIg are powerful drugs already used for decades to treat
vasculitis, especially Kawasaki disease [28]. ANCA neutrali-
zation is one of their mechanisms of action against AAV.
Other complex mechanisms have been identified, more cellu-
lar than humoral, which justify IVIg use. They have been
prescribed in conjunction with other treatments [29] and are
ineffective when prescribed alone [30], but can be indicated in
combination with a conventional regimen for severe or refrac-
tory AAV [31, 32]. IVIg cannot be prescribed to all patients
with severe disease, since they are contraindicated for those
with renal insufficiency (creatininemia <30 ml/min). For re-
fractory AAV, IVIg can be indicated as adjunctive therapy for
patients already taking corticosteroids and cytotoxic or other
immunomodulating drug(s). In a prospective open study, we
showed their effectiveness against AAV that did not respond

to conventional therapy and relapsed despite a regimen con-
sidered optimal [33]. IVIg certainly have a place in the ther-
apeutic strategies for patients with severe and refractory AAV.
They should not be prescribed alone but can be associated
with other treatments.

Abatacept

Abatacept blocks CD28 binding to its ligand, thereby
inhibiting T-cell activation. Based on the pathophysiological
mechanisms implicated in AAV, this biotherapy could be
effective against them. At present, abatacept has only been
evaluated on a small series of patients with non-severe relaps-
ing AAV [34].We are not aware of any experience with its use
to treat severe or refractory AAV.

Anti-CD20

Rituximab, a chimeric murine–human monoclonal IgG1 anti-
body directed against CD20 expressed on B lymphocytes, has
been prescribed to treat AAV. Rituximab has been given to
increasing numbers of patients, especially after the publication
of the two randomized–controlled trials showing that it was as
effective as cyclophosphamide at inducing AAV remission
[35, 36•••]. The results of both trials demonstrated that ritux-
imab was not inferior to cyclophosphamide to induce remis-
sion. Moreover, they demonstrated that rituximab was supe-
rior to cyclophosphamide when given to treat relapses. Ritux-
imab is now approved as first-line treatment, in the USA and
Europe. Before publication of those findings, rituximab was
mainly prescribed as a second- or third-line therapy.

Our experience in France [37, 38] showed rituximab effec-
tiveness as second-line treatment. Ninety-eight of our patients
were previously treated with corticosteroids and cytotoxic
drugs to induce remission, and then received rituximab for a
flare. An 85 % response rate was obtained but, when patients
had granulomatous manifestations, the response rate was dif-
ferent: none of the 5 patients with orbital masses achieved
complete remissions, but 77 % of patients with pulmonary
nodules and 55.2 % with ENT involvement and upper airway
stenoses obtained complete remission.

Those outcomes highlight that there is no standard treat-
ment for refractory vasculitis and that the clinician should
choose the most appropriate regimen based on previous treat-
ments and organ involvement. Based on several findings, it
also seems that clinical responses to rituximab vary according
to the organ and types of lesions involved: very good
against active vasculitis (e.g., glomerulonephritis and
alveolar hemorrhage) and less efficacy against granulo-
matous forms (e.g., orbital tumor) [39] and, intriguingly,
generally good responses against lung nodules, despite
the fact that they are granulomatous.
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What is the Optimal Strategy?

In Patients with Severe AAV

The therapeutic strategy is to obtain remission quickly, to
prevent organ-function deterioration and disease progression.
For this purpose, a combination of rapidly acting medications
is needed. They will be relayed by others effective over the
long term. Pulse methylprednisolone initially, IVIg and plas-
ma exchanges satisfy this definition. They are particularly
well adapted to treating acute renal insufficiency and alveolar
hemorrhage. The optimal treatment of mononeuritis multiplex
has not yet been defined. Although that symptom is not life-
threatening [6], it is associated with a high relapse rate [40,
41], which could require combined corticosteroids and cyto-
toxic agents.

Pertinently, AAV is not the only factor to be taken into
account; each patient’s comorbidities, preexisting diseases and
general condition should also be considered, as they can
compromise the overall outcome.

In Patients with Refractory AAV

By definition, patients have already received corticoste-
roids and one or several cytotoxic drugs at their optimal
doses. However, the optimal dose is partly arbitrary and
has been established based on a compromise between
efficacy and potential side effects. Tables 1 and 2 list
the doses used to induce remission in several prospec-
tive trials, clearly demonstrating that “optimal” is in fact
“relative”. When AAV do not respond to corticosteroids
and cyclophosphamide (IV or oral), we now recommend
rituximab [14•]. This therapeutic option has the major
advantage of being active by targeting other immune
mechanisms. It has also been shown to be effective
more frequently than readministration of a cytotoxic

agent previously used to treat a flare. Although what
has been found to treat relapses is not necessarily ap-
plicable to refractory AAV, it seems reasonable to fol-
low the same therapeutic scheme and prescribe an agent
that targets other pathogenic mechanisms, rather than
those given initially and unsuccessfully.

For patients whose disease does not respond to rituximab,
other strategies are needed. When patients’ first flares are
unsuccessfully treated with corticosteroids and cytotoxic
drugs, followed by rituximab, it is recommended that agents
be combined: corticosteroids, cytotoxic drugs, IVIg, for ex-
ample. An immunosuppressant different than that used
for the first flare should be chosen to be used alone or
in combination. Plasma exchanges are rarely useful in
this setting. A polychemotherapy approach, as common-
ly administered to patients with malignant diseases,
should be evaluated.

Is it Possible to Prevent Flares and/or Refractory AAV?

Undoubtedly, AAV outcomes have improved and, in
recent years, fewer patients have died from these dis-
eases, thereby demonstrating the efficacy of therapeutic
strategies devised for severe vasculitis. However, it is
more difficult to prevent relapses and lower the number
of patients with grumbling disease that is refractory to
several treatment lines. Because 40–50 % of AAV pa-
tients relapse 4–5 years post-remission, several therapeu-
tic options can be proposed to contain this relapse rate.
We showed that rituximab was able to do so up to 28
months [42], but that finding does not preclude what
will happen in the long term. Another option could be
to maintain patients indefinitely on a cytotoxic drug,
like azathioprine [43]. In fact, long-term AAV treatment
has not yet been evaluated in prospective trials and is
certainly a task for the future.

Table 1 Steroid doses used in some prospective therapeutic trials on
necrotizing vasculitides

Week EUVAS
mg/kg
[44, 45]

WEGENT
mg/kg
[17]

CORTAGE
mg/day
[8]

0 1 1 60

1 0.75 1 60

2 0.5 1 60

4 0.4 0.75 50

6 0.33 0.5 40

8 0.28 0.4 30

10 0.25 0.33 27.5

12 0.25 0.33 22.5

Table 2 Cyclophosphamide doses used in some prospective therapeutic
trials on necrotizing vasculitides

WEEK EUVAS
mg/kg
[44, 45]

WEGENT
mg/session [17]

CORTAGE
mg/session [8]

0 2 0.6 g/m2 500

1 2

2 2 0.6 g/m2 500

4 2 0.6 g/m2 500

6 2 0.7 g/m2 (at wk 7) 500 (at wk 7)

8 2

10 2 0.7 g/m2 500

12 1.5 0.7 g/m2 (at wk 13) 500 (at wk 13)
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Conclusion

If most vasculitides can be successfully treated, some patients
have a poor outcome due to life-threatening manifestations
and/or relapses which are responsible for sequelaes and a poor
outcome. New drugs and therapeutic strategies are able, in
most cases, to control these severe vasculitis and to reduce
mortality, morbidity and sequelaes.
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