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Over the last few decades, treatment of 
vasculitides, especially antineutrophil 
cytoplasm antibody (ANCA)-associat-
ed vasculitides (AAVs), has been revo-
lutionised by extensive use of combina-
tions of steroids and cytotoxic agents 
(1, 2). Since 2010, rituximab has been 
approved to treat AAVs (3-5) and other 
biologic therapies are emerging, e.g. 
mepolizumab (6), an anti-IL5 to treat 
eosinophilic granulomatosis with poly-
angiitis. To prevent corticosteroid ad-
verse events (AEs), dose reduction has 
been successfully applied and a steroid-
sparing drug, avacopan (7), a C5a-re-
ceptor antagonist, has been prescribed 
as adjunctive therapy for AAV patients. 
These new standard-of-care molecules 
are aimed at improving patient surviv-
al and quality of life, and minimising 
drug-induced AEs.
Unfortunately, most of those agents also 
impair the immune response against 
pathogens, rendering patients more 
susceptible to infections. A careful 
prophylactic policy, combining long-
term antibiotics in some circumstances, 
vaccination and drug-dose minimisa-
tion, has certainly lowered the risk of 
lethal infections but has not been able 
to prevent severe AEs. Infection with 
the severe acute respiratory syndrome 
coronavirus-2 (SARS-COV-2) viral in-
fection has killed patients worldwide, 
especially those immunocompromised 
and/or elderly (8). 
AAV therapy usually comprises 2 phas-
es: induction, to obtain remission, and 
maintenance, to prevent relapses. The 
2 phases of this therapeutic strategy 
cannot be dissociated and the choice 
of maintenance regimen is largely in-
fluenced by that of remission-induction 
treatment. When cyclophosphamide is 
prescribed for induction, maintenance 
therapy is mandatory (9) and regimens 
of short duration are associated with re-

lapses (10). The efficacy of rituximab 
for maintenance has been thoroughly 
demonstrated and is clearly superior to 
that of azathioprine and other conven-
tional drugs (5), like methotrexate or 
mycophenolate mofetil. 
In contrast, when rituximab is the first 
remission-induction agent, clinicians 
have several available options. The first 
is the “wait-and-see” option, which was 
strategy tested in the RAVE trial (3, 4). 
Patients who had received rituximab for 
induction received a placebo for main-
tenance; they were retreated only when 
their AAV relapsed (3). That strategy 
has the advantage of facilitating im-
mune reconstitution and, subsequently, 
lowering the risk of infectious AEs. It 
was effective at 18 months but the re-
lapse risk during long-term follow-up 
cannot be ignored. The second alterna-
tive is to systematically prescribe main-
tenance therapy, even for patients who 
had initially received rituximab. The 
MAINRITSAN trial design (5), con-
ceptualised initially for patients whose 
remissions had been obtained with a 
combination of corticosteroids and 
pulse cyclophosphamide, can be ap-
plied to patients with rituximab-induced 
remissions. The MAINRITSAN proto-
col was effective, with ~5% of rituxi-
mab recipients suffering major relapses 
versus 28% of those given azathioprine 
at 28 months. However, choosing that 
strategy has a clear impact on the oc-
currence of infectious AEs. Notably, 
1–2% of rituximab recipients devel-
oped Pneumocystis jiroveci pneumonia 
and the fatality rate of rituximab-treated 
coronavirus disease-2019 (COVID-19) 
patients was higher (11). 
The COVID-19 pandemic has high-
lighted the risk of increasing AE num-
bers and severity with new therapeutics 
that have demonstrated efficacy against 
AAVs. For this reason, clinicians must 
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try to determine how to optimise AAV-
treatment management, while keeping 
the advantages provided by new agents 
together with their better safety profiles. 
Treatment doses and durations, pro-
phylactic measures, and corticosteroid-
sparing are the main points to consider.
The rituximab induction dose is codi-
fied and 2 dosing schedules are com-
monly prescribed: 375 mg/m2 every 
week for 3 weeks (4 infusions) has 
been validated by prospective trials (3, 
4) or 1 g every 2 weeks, which has been 
prescribed empirically but has not been 
confirmed by prospective trial results. 
Lowering doses for induction during 
the induction-remission phase – with 
the objective of minimising toxicities – 
has not been explored.
Cyclophosphamide for remission in-
duction: the results of several prospec-
tive trials showed that it is possible to 
prescribe lower cyclophosphamide 
doses by shortening the duration of oral 
treatment to 3–6 months (usually 3), 
rather than 12 (12), or to administer 6 
pulses within 4 months (13), which is 
now widely applied in Europe. This 
regimen remains the gold standard for 
patients with severe renal insufficiency 
and the most severe forms of AAV. We 
suggest maintaining this strategy pre-
ferring pulses to oral intake.
Rituximab for maintenance: the dose 
matters. Our post-hoc analysis of 
MAINRITSAN trial data showed that 
4 infusions, spaced 6 months apart, 
sufficed to prevent relapses, instead of 
the 5 initially scheduled to achieve that 
goal (14). For most patients, each 500-
mg infusion was sufficient and we do 
not recommend higher doses. The RI-
TAZAREM trial (15) focused on more 
severely-ill patients than those enrolled 
to participate in the MAINRITSAN 
trial; 1 g of rituximab was administered 
every 4 months for 24 months. Rituxi-
mab recipients did not have more AEs 
than patients given azathioprine but, in 
the context of the COVID-19 pandemic, 
such dose escalation to maintain remis-
sion does not seem appropriate to us.
Rituximab on-demand could make a 
comeback: it was the option implic-
itly privileged in the RAVE trial (4) 
and evaluated in the MAINRITSAN2 
trial (16), comparing a fixed rituximab-

administration schedule to on-demand 
infusions, based on CD19-positive B-
cell status or ANCA titres. The latter’s 
findings showed that similar efficacy 
to prevent relapses could be achieved 
with 3, 500-mg infusions versus 5. This 
strategy has the advantage of limiting 
immune depression and probably the 
risk of developing infectious AEs, but 
its main disadvantage is that relapses 
are treated not prevented.
Optimal treatment duration is still not 
known. Conventional drug administra-
tion for 12 months or less is associated 
with enhanced relapse risk (10). Most 
patients are treated for 18 months to 2 
years but some need a more prolonged 
therapy, perhaps even life-long. Pro-
longed azathioprine treatment, given 
in the randomised trial by Karras et 
al. (17), showed its superiority to the 
withdrawal arm. The MAINRITSAN3 
trial results (18) also demonstrated that 
2 more years of rituximab were asso-
ciated with fewer relapses than for the 
placebo group. Our policy is now to try 
to identify patients at higher risk of re-
lapse and to treat them for longer times. 
It is probably one of the best ways to 
protect most patients against prolonged 
therapy-induced immunosuppression.
Which patients are at risk of relapse? 
The long-term follow-up results of the 
RAVE (4) and MAINRITSAN1 (19) 
trials partly answered that question. 
Patients who were anti-proteinase-3- 
positive at diagnosis relapsed more 
frequently than those anti-myeloper-
oxidase-positive. Patients ANCA-nega-
tive at diagnosis had a low risk of re-
lapse. Patients ANCA-positive after 
12 months of follow-up post-induction 
relapsed more frequently than patients 
whose ANCA had disappeared or did 
not reappear. Patients who relapse once, 
are obviously at risk of relapsing again. 
We now need to modellise patients’ 
profiles and more precisely define the 
subpopulation(s) that require long-term 
treatment, so as to differentiate them 
from “non-relapsers” to avoid over-
treatment of the latter.
Systematic prophylaxis policy against 
infections. Pneumocystis jiroveci pro-
phylaxis with co-trimoxazole has been 
recommended for decades. It should be 
prescribed not only until the end of im-

munosuppressant, corticosteroid and/or 
rituximab administration, but stopped 
only once immune reconstitution has 
been documented. Some patients may 
also need prophylaxis against tubercu-
losis. Systematic prophylaxis against 
fungal infection is not recommended 
and has been validated only for patients 
who had received a bone-marrow trans-
plant for haematological diseases. 
Vaccination is strongly indicated for 
AAV patients, at least against pneumo-
coccal pneumonia, seasonal flu and, 
more generally against all potential 
seasonal infections. Unfortunately, it is 
often too late to vaccinate once vascu-
litis has been diagnosed and treatment 
started, because immunosuppressants 
may diminish vaccine efficacy or live-
virus vaccine inoculation may be con-
traindicated. At present, 4 doses of anti-
COVID-19 vaccine are recommended. 
However, antibody responses of ritux-
imab-treated patients are usually very 
low (20), especially against COVID-19 
vaccines. For those rituximab-treated 
patients, anti-COVID prophylaxis com-
prises systematic monoclonal antibody 
administration. In Europe, where the 
Omicron variant is dominant, patients 
should receive tixagevimab/cilgavimab 
(Evusheld), a long-acting combination 
of monoclonal antibodies serving as re-
placement therapy for the lack of anti-
body production post-vaccination. The 
recommendations of the French Vas-
culitis Study Group to optimally treat 
vasculitis patients with biotherapies are 
available (21).
The choice of agents and their poten-
tial combinations, prudent selection of 
prophylactic measures and, when nec-
essary, management of infections con-
tribute to the complexity of therapeutic 
strategies for AAVs. 
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