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Remission-induction and -maintenance 
treatments for antineutrophil cytoplas-
mic antibody (ANCA)-associated vascu-
litides (AAVs) have been revolutionised 
by rituximab, an anti-CD20 antibody, 
combined with corticosteroids (CS). Its 
efficacies to induce granulomatosis with 
polyangiitis (GPA) and microscopic 
polyangiitis (MPA) remissions are not 
inferior to cyclophosphamide (1, 2). As 
maintenance therapy for those diseases, 
rituximab is superior to all other thera-
peutic options (3): CS and/or conven-
tional immunosuppressants. 
Treating eosinophilic granulomatosis 
with polyangiitis (EGPA) must be dis-
tinguished from other AAVs for various 
reasons: heterogeneity of pathogenetic 
mechanisms; different phenotypes (4, 
5), according to ANCA-positivity or 
-negativity and genotypes (6); no previ-
ously published prospective therapeutic 
remission-induction or -maintenance 
trials potentially demonstrating a place 
for rituximab (7); and the possible use 
of other biotherapies targeting, particu-
larly, interleukin (IL)-5 (8) or IL4/IL13. 
Therefore, in this update, we will ad-
dress two AAV groups, GPA and MPA 
together and then EGPA.

Rituximab for GPA and MPA 
The RAVE study analysis at 6 and 18 
months (1, 2) of remission-induction 
efficacy of rituximab (375 mg/m2 every 
week for 3 weeks; 4 infusions) versus 
oral cyclophosphamide showed it not 
inferior. MAINRITSAN-trial mainte-
nance results showed that rituximab 
(500 mg) administered every 6 months 
for 18 months was superior, at 28 
months, to azathioprine prescribed for 
22 months (3), with respective major 
relapse rates of 5% versus 29%. The 
RAVE and MAINRITSAN trials con-
tributed to establishing a new treatment 
paradigm for GPA and MPA but many 
questions remain unanswered.

In light of new therapeutic guidelines, 
the persisting main concerns are to de-
termine the optimal rituximab dose and 
when to infuse it, whether should it be 
infused at fixed intervals or on-demand, 
treatment duration, whether it should it 
be combined with other immunosup-
pressants and CS management, and the 
availability of new drugs like avacopan 
(9). Treatment tolerance is also a major 
concern worthy of investigation. 

Rituximab dose and infusion 
intervals 
The remission-induction dose adopted 
by consensus (see above) followed ini-
tially guidelines for lymphoma treat-
ment. Alternatively, retrospectively ob-
tained short-term results supported two 
1-g rituximab infusions, at a 2-week 
interval, as being as effective as the 
4-infusion regimen with similar toler-
ance (10). We chose a maintenance 
regimen of 500 mg every 6 months 
for the MAINRITSAN-trial; it is now 
the Food and Drug Administration and 
European Medications Agency recom-
mended schedule and has been adopted 
by several National Health Authorities. 
As the principal MAINRITSAN inves-
tigator, I would like to explain that that 
dose was chosen for two main reasons: 
a “logic-driven” decision to use less 
drug for maintenance than for induc-
tion and the objective to limit long-
lasting rituximab-induced immunode-
pression-related adverse events (AEs). 
The authors of the prospective RI-
TAZAREM study (11, 12) treated AAV 
patients in relapse with rituximab after 
having received the conventional dose 
for induction, followed by five 1-g in-
fusions, administered every 4 months. 
Because all RITAZAREM patients ver-
sus 23% of MAINRITSAN1 partici-
pants had already relapsed at inclusion, 
they were at higher risk of relapse. At 
4 months, 90% of 188 RITAZAREM 
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patients were in remission, confirming 
rituximab’s continued effectiveness in 
patients who relapsed, independently 
of their first-line therapy (cyclophos-
phamide or rituximab) (11). Main-
tenance rituximab (1 g) was infused 
every 4 months. After five rituximab 
infusions post-RITAZAREM enrol-
ment and the 48-month follow-up (12) 
maintenance phase, 13/85 (15%) ritux-
imab-treated patients relapsed versus 
32/85 (38%) azathioprine recipients; 
their respective relapse-free survival 
rates were 85% [95% confidence inter-
val (CI) 78% to 93%] vs. 61%, [95% CI 
51% to 73%]. During follow-up, five 
rituximab-treated patients experienced 
major relapses versus 11 azathioprine 
recipients. Those results confirmed 
rituximab superiority over azathioprine 
for remission maintenance. Relapse 
prevention was comparable to that 
obtained in MAINRITSAN1 (3). RI-
TAZAREM outcomes also demonstrat-
ed that rituximab-dose intensification 
from 500 mg to 1 g to prevent relapses 
and shortening the infusion interval 
from 6 to 4 months was not beneficial 
for most patients but could be retained, 
as a possible option, for patients re-
sponding poorly to rituximab. 

Predictors of relapse and their 
impact on the treatment schedule
How to manage remission 
maintenance
Although the rituximab remission-in-
duction regimen for GPA and MPA is 
now codified, the maintenance-infusion 
schedule warrants additional studies. 
The “ideal” long-term reinfusion sched-
ule would be to treat patients at risk of 
relapse and to stop treatment after ap-
proximately 2 years for patients without 
risk factors for relapse. Unfortunately, 
those factors are only partially known 
and, at our present level of knowledge, 
it seems difficult to apply a “calculated-
decision algorithm” to guide these ther-
apeutic decisions. Confirmed relapse 
predictors are previous relapse, anti-
proteinase-3 (PR3) ANCA-positivity 
at diagnosis (2, 13) and their persistent 
presence 12 months after the first rituxi-
mab infusion (13). Relapse rates were 
also higher for patients whose ANCA 
disappeared then reappeared (13), but 

lower for patients positive for anti-
myeloperoxidase (MPO) than anti-PR3 
ANCA, and higher than that of ANCA-
negative patients (13, 14). However, 
keep in mind that renal disease evo-
lution is more severe in patients with 
anti-MPO-ANCA than those anti-PR3-
positive (15). 
The MAINRITSAN2 trial (16) at-
tempted rituximab-dose adaptation to 
CD19-B-cell positivity and/or ANCA 
titre. It failed to individualise param-
eters predictive of relapse but indeed 
demonstrated that it was possible, 
during the 28-month follow-up, that 
rituximab was able to prevent relapses 
with an on-demand dose (1.5 g) versus 
a fixed-dose (2.5 g). In the RITAZAR-
EM study, CD19-positive B-cell counts 
were low in rituximab and azathioprine 
groups. The search for indicators pre-
dicting relapses is certainly the first 
step to guide the choice between a 
fixed-infusion schedule and an on-de-
mand tailored one.
More recently, the prospective MAIN-
TACAVAS study (17) compared rituxi-
mab-maintenance administration based 
on B-cell repopulation versus serologi-
cal ANCA flare. All patients had al-
ready received rituximab for at least 2 
years. Patients were randomised based 
on ANCA titre or B-cell reconstitu-
tion. After randomisation, rituximab 
(1 g) was reinfused into patients with 
B-cell repopulation or an ANCA-titre 
rise. The primary endpoint was clinical 
relapse. Because the relapse rate was 
lower for the B-cell strategy than the 
ANCA-titre strategy, the authors rec-
ommended basing dose adaptation on 
B cells. In fact, MAINRITSAN2 and 
MAINTACAVAS reinfusion strategies 
reflect different approaches to disease 
follow-up. B-cell repopulation reflects 
immunosuppression intensity, but 
ANCA titres reflect the presence and 
sometimes AAV activity.  
All discussions addressing parameters 
predicting AAV relapse focus on two 
different pathogenetic mechanisms to 
control disease evolution: should we 
try to obtain continuous B-cell deple-
tion or control disease activity? At the 
moment, the answer to that question re-
mains unknown. We know that: longer 
rituximab therapy maintains remis-

sions (18) and a low CD19-positive B-
cell count indicates prolonged immu-
nosuppression, but the latter does not 
indicate disease activity, unlike ANCA 
presence or titre increase. ANCA vari-
ations could help guide reinfusing 
rituximab on-demand, based on minor 
clinical changes. Like in MAINRIT-
SAN2, rituximab (500 mg)-infusion 
intervals spaced 1-year apart had the 
advantage of minimising the risk of 
immunodepression-related infections, 
without losing rituximab efficacy to 
prevent relapse. However, long-term 
follow-up of the MAINRITSAN trials 
(19) showed that 3 semestrial rituxi-
mab infusions without CS were associ-
ated with a high relapse rate, meaning 
that short-term rituximab therapy has 
only short-term efficacy, but does not 
preclude reinfusing rituximab at suc-
cessively longer intervals according to 
clinical or biological signs (e.g., every 
8 months based on CD19 repopulation 
as in the MAINTACAVAS study). 

How to manage 
immunosuppression and its AEs
No doubt persists that prolonged ritux-
imab administration prevents relapses. 
However, it does have the disadvantage 
of inducing major immunosuppres-
sion. Fifty-six months fixed-dose (36 
months rituximab + 20-month follow-
up in MAINRITSAN2 and -3; 500 mg); 
rituximab (1 g) every 4 months (RI-
TAZAREM), rituximab (1 g) adapted 
to B-cell repopulation (MAINTACA-
VAS) had deleterious effects. Although 
prolonged immunosuppression repre-
sents a high infection risk, the number 
of infections has never been prospec-
tively collected; it should be a future 
task. Since the first rituximab trials for 
AAV (RAVE, MAINRITSAN1), more 
information has become available on 
infections developing in rituximab-, 
corticosteroid- and conventional im-
munosuppressant-treated patients but 
most is fragmented, having been col-
lected during prospective studies, and 
does not give sufficient importance to 
discern impact on future treatment de-
cisions. Also, the real COVID pandem-
ic’s effect on AAV mortality and how 
it influenced therapeutic strategies are 
unknown. New pandemics and other 
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infections will certainly arise in the fu-
ture and clinicians should collect data 
on what happened during the last one 
and subsequently formulate preventive 
and therapeutic recommendations.
CS-dose reduction and duration con-
tribute to limiting AEs, and all guide-
lines now recommending lower CS 
doses have been implemented in pro-
spective trials. That strategy was vali-
dated by Furuta et al. (20) who com-
pared patients given rituximab for 
remission-induction and full-dose or 
half-dose CS. Their respective out-
comes at 6 months were: 45/65 (69.2%) 
versus 49/69 (71.0%) achieved remis-
sion; 41 serious AEs (SAEs) occurred 
in 24 (36.9%) patients versus 21 in 13 
(18.8%) (p=0.02); and 20 serious in-
fections in 13 (20.0%) patients versus 7 
in 5 (7.2%) (p=0.04). It should also be 
kept in mind that although CS-dose re-
duction effectiveness has been shown, 
prolonged low-dose CS lowers the risk 
of relapse and, subsequently, could 
minimise long-term AEs possibly oc-
curring during a relapse and requiring 
new remission-induction. In a meta-
analysis, Walsh et al. (21) compari-
son of non-zero versus zero CS-target 
doses demonstrated respective relapse 
rates of 14% (95% CI 10 to 19%) and 
43% (95% CI 33 to 52%). The TAPIR 
study (22) randomised patients within 
1 year of having received remission-
induction for active GPA and in re-
mission after tapering CS to 5 mg/day 
to continue for 6 months that dose or 
totally discontinue CS in 4 weeks and 
then stay off CS while pursuing other 
immunosuppressive therapy: relapses 
were more frequent in those off CS, 
except for rituximab-treated patients. 
Another strategy to reduce CS is ava-
copan, an anti-C5a agent. In the pro-
spective randomised ADVOCATE 
trial (9), all the patients received ei-
ther cyclophosphamide or rituximab 
and took oral avacopan (30 mg twice 
daily) or oral prednisone on a tapering 
schedule. Sustained remission at week 
52 (the second primary endpoint) was 
observed in 109/166 (65.7%) patients 
taking avacopan and in 90/164 (54.9%) 
patients on prednisone (p<0.001 for 
non-inferiority; p=0.007 for superior-
ity). Despite that significant between-

group difference, it should be recalled 
that patients did not receive rituximab 
maintenance, which could have fav-
oured relapses in both groups.

Combining rituximab, CS and 
conventional immunosuppressants
Although that combination therapy is 
often prescribed, no prospective trial 
results have confirmed its superiority 
versus rituximab alone. The prospec-
tive trial evaluating rituximab + cyclo-
phosphamide + CS before randomisa-
tion between CS + cyclophosphamide 
versus CS + rituximab did not demon-
strate superiority of remission-induc-
tion regimen intensification (23) but 
may increase the risk of developing 
infections when conventional immuno-
suppressants were added to rituximab. 
Therefore, we recommend that this 
combined therapy not be generalised. 

The infectious risk for rituximab-
treated patients 
Information from prospective trials is 
available but was published before the 
COVID-19 pandemic (1-3, 12), which 
was responsible for the deaths of some 
profoundly immunocompromised pa-
tients with hypogammaglobulinaemia 
decades after receiving the last rituxi-
mab infusion. Serious infectious AEs 
occurred in 18% of rituximab-treated 
patients in the RITAZAREM trial ver-
sus 22% given azathioprine (12) (end-
point 24 months).  
Twenty-seven percent of the patients 
included in the long-term follow-up (84 
months) of the 3 MAINRITSAN trials 
developed at least one serious infec-
tion, including 9 opportunistic infec-
tions (4 Pneumocystis jiroveci pneu-
monia) (PJP) equally balanced in both 
groups. However, PJP seems to occur 
more frequently in rituximab-treated 
patients, without initial low CD4-T-
cell counts. PJP may occur at any time 
during treatment and this risk factor 
disappears only when immune recon-
stitution has been achieved, i.e. several 
months after completing rituximab in-
fusions. Infection prophylaxis should 
be prescribed to all patients receiving 
rituximab: vaccination against pneu-
monia, herpes zoster, COVID-19, etc.) 
and systematic co–trimoxazole (400 

mg/day adapted to renal function). Un-
fortunately, because rituximab quickly 
depletes B cells, vaccination efficacy is 
poor when given after or immediately 
before rituximab infusion. 
COVID-19 is also a concern (24). Sev-
eral patients in AAV remission died dur-
ing the pandemic, sometimes several 
months or years after having received 
rituximab. Because no data have been 
systematically collected, it is impossible 
to quantify the real numbers of COVID-
19-attributable deaths. We are aware 
among AAV patients that prophylactic 
measures are often poorly prescribed to 
patients or were prescribed too late to be 
effective. Severe infections can best be 
prevented by CS-dose reduction, avoid-
ing, if possible, combined rituximab and 
conventional immunosuppressants, and 
prescribing long-term treatments only to 
patients at high risk of relapse, i.e. those 
with prior relapse and/or ANCA pres-
ence, mainly PR3. 
Some GPA subgroups are also frequent 
relapsers, like those with ear, nose & 
throat (ENT) manifestations. So, ex-
pected relapse severity should also be 
considered. Patients with ENT mani-
festations frequently develop minor re-
lapses with only rhinitis or chronic oti-
tis and, even during incomplete remis-
sion, have symptoms that do not require 
intense B-cell depletion or aggressive 
immunosuppression. Less toxic treat-
ments like co–trimoxazole, low-dose 
methotrexate or CS <5 mg could suffice 
to control the disease. Hence, low-level 
grumbling disease of minor relapse is 
acceptable and should not be treated 
with rituximab. Long-term rituximab 
infusions should also be avoided in pa-
tients with comorbidities and factors 
favoring infection, e.g. denutrition or 
prior treatments engendering immune-
system modification (like anticancer 
chemotherapy, but also previous immu-
nosuppressants or rituximab for earlier 
relapses).

Rituximab for EGPA
Although rituximab indication for GPA 
and MPA is now partly codified, that 
is not the case for EGPA. Several ex-
planations clarify why: EGPA rarity, 
heterogeneity and the availability of 
several new drugs targeting IL5.
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The forthcoming results of the ran-
domised REOVAS study, organised by 
the French Vasculitis Study Group (7), 
evaluated rituximab induction-remis-
sion, comparing CS + rituximab versus 
a control group stratified according to 
the Five Factor Score (FFS) (25): CS 
alone for patients with FFS=0 or CS + 
cyclophosphamide for FFS≥1. The two 
groups obtained responses comparable 
to those of GPA and MPA patients (1, 2, 
23). Retrospective study results showed 
rituximab induction-remission efficacy 
for EGPA (26), with responses for AN-
CA-positive or -negative patients. The 
rituximab indication for maintenance 
has not been yet examined but a pro-
spective study is ongoing. 
It is also probable that the questions 
and answers regarding rituximab man-
agement detailed above will be vali-
dated for EGPA. 

Conclusion
Rituximab has revolutionised vascu-
litis patient care and improved out-
comes. A new paradigm emerged, an-
swering many questions about AAV 
management, while raising new con-
cerns about long-term follow-up and 
patient management, urging clinicians 
to define which patients could clearly 
benefit from rituximab use.
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