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ANCA-associated vasculitis (AAV) 
embraces a spectrum of fascinating 
diseases which, although phenotypical-
ly different, are sensitive to common 
treatment approaches. In the past dec-
ades, the knowledge of the pathogen-
esis and management of AAV has been 
revolutionised (1) and, despite their 
rarity, we now have solid evidence-
based data to treat them using rational 
and standardised regimens. Several is-
sues, however, remain.
Glucocorticoid monotherapy was the 
ÀUVW� WUHDWPHQW� IRU� YDVFXOLWLV�� :KHQ�
Fauci et al. proved the tremendous ef-
ÀFDF\�RI�F\FORSKRVSKDPLGH�RQ� WRS�RI�
glucocorticoids in inducing remission 
of severe necrotising vasculitis in 1979, 
the devastating side-effects of the lat-
ter were already considered a serious 
problem that contributed to disease 
burden: as they wrote, “the daily use of 
high-dose corticosteroids in some pa-
tients often induces clinical deteriora-
tion of greater severity than the under-
O\LQJ�GLVHDVHµ������7KH�WR[LFLW\�SURÀOH�
of cyclophosphamide, of course, was 
also considerable (3). The ensuing dec-
ades of clinical research in AAV were 
GHYRWHG�WR�ÀQGLQJ�WKH�PLQLPXP�HIIHF-
tive dose of these agents (cyclophos-
phamide and glucocorticoids) in order 
to minimise toxicity (4) while retain-
LQJ� HIÀFDF\�� D� SDWK�ZKLFK�ZDV� VKDUHG�
with clinical trials in lupus nephritis 
(5-8). The general approach was (i) to 
decrease the cumulative dose of cyclo-
phosphamide needed to achieve remis-
sion (e.g., by switching from an oral 
to an intravenous pulsed regimen) (4), 
and (ii) identify steroid-sparing drugs 
(9-11) and incorporate them in remis-
sion-maintenance regimens in order 
to taper glucocorticoids more rapidly 
while at the same time reduce the risk 
of relapse. Altogether, these efforts led 
to a progressive increase in overall sur-

vival of patients with AAV (12). In the 
last decade, this approach was taken 
several steps further thanks to the ad-
vent of new immunosuppressive drugs 
(particularly monoclonal antibodies) 
with a targeted and therefore narrower 
immunosuppressive action, driven by 
key discoveries in AAV mechanisms of 
disease (13, 14).
Despite toxicity, cyclophosphamide 
remained the mainstay of therapy 
XQWLO� WKH� HDUO\� ����V�� ZKHQ� WKH� ÀUVW�
DQHFGRWDO� UHSRUWV� RQ� WKH� HIÀFDF\� RI�
rituximab were published (15). As with 
cyclophosphamide, rituximab was im-
ported from the onco-haematological 
armamentarium and already known to 
EH� HIÀFDFLRXV� LQ� UKHXPDWRLG� DUWKULWLV�
(16). However, it was not until 2010 
that two large randomised controlled 
trials (RCTs) [RAVE (17) and RITUX-
VAS (18)] proved the non-inferiority 
of rituximab to cyclophosphamide for 
remission-induction in AAVs (patients 
with eosinophilic granulomatosis with 
polyangiitis [EGPA] were not included 
in either trial). The two trials differed 
in design, in that a standard cyclophos-
phamide-based regimen was compared 
with rituximab plus two cyclophospha-
mide pulses in RITUXVAS, whereas 
in RAVE cyclophosphamide was com-
pared to a rituximab-only regimen. 
Notably, glucocorticoids were with-
drawn by month 5 in remitting patients 
in RAVE, while they were tapered to 
5 mg/day (of prednisone) in RITUX-
VAS. Despite minimising or substitut-
ing altogether cyclophosphamide, the 
rate and severity of adverse events in 
the rituximab arms did not change as 
compared with cyclophosphamide-
based regimens. In the RAVE extended 
follow-up, however, a reduction in the 
proportion of patients who had de-
veloped pneumonia or leukopenia by 
month 18 was detected (19). Another 
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study aiming at cyclophosphamide 
avoidance in the induction phase, the 
MYCYC trial, compared mycopheno-
late mofetil and pulsed cyclophospha-
mide, demonstrating that the former 
was not inferior but resulted in a higher 
relapse rate (20). Mycophenolate, how-
ever, was less effective than azathio-
prine in preventing relapses in the IM-
PROVE (11) trial, therefore its role in 
AAV treatment is quite controversial. 
&ROOHFWLYHO\��WKHVH�ÀQGLQJV�ZRXOG�OHDG�
us to use alternatives to cyclophospha-
mide for induction, but it must be kept 
in mind that cyclophosphamide is an 
incredibly effective drug, that often 
produces durable remission, and that 
using it wisely can help minimise its 
WR[LFLW\��ZLWKRXW�D� VLJQLÀFDQW� LQFUHDVH�
in severe side-effects (21).
:LWK� UHJDUGV� WR� UHPLVVLRQ�PDLQWH-
nance, two further RCTs [MAINRIT-
SAN (22) and MAINRITSAN2 (23)] 
explored the role of rituximab. MAIN-
RITSAN investigators found rituximab 
(6-monthly infusions) to be superior 
to azathioprine in terms of reduction 
of major relapses (HR for relapse in 
those taking azathioprine 6.61, 95% CI 
[1.56, 27.96]) and also with respect to 
secondary outcomes such as physical 
abilities and quality of life (24). MAIN-
RITSAN2 adopted a different approach 
LQ� WKDW� LW� FRPSDUHG� À[HG�VFKHGXOH�
(6-monthly infusions, as in MAINRIT-
SAN) with individually-tailored rituxi-
mab infusions, i.e. rituximab infusions 
upon peripheral B-cell repopulation 
or reappearance of ANCA, both being 
monitored every three months. The au-
thors found that the two regimens were 
equally effective but that the individu-
ally-tailored approach resulted in sig-
QLÀFDQWO\�IHZHU�ULWX[LPDE�LQIXVLRQV��$�
third RCT, RITAZAREM (clinicaltri-
als.gov #NCT01697267), comparing 
azathioprine to rituximab as remission-
maintenance agents after a rituximab-
based induction regimen for relapsing 
disease is currently underway. Finally, 
a number of other observational studies 
or RCTs are exploring the best way to 
use rituximab as a maintenance agent, 
some extending the maintenance phase 
(such as MAINRITSAN3, clinicaltri-
als.gov #NCT02433522), some using 
repeat low-dose infusions especially in 

patients with limited/grumbling granu-
lomatosis with polyangiitis (GPA) (25). 
Rituximab can also be used for mainte-
nance after an aggressive cyclophos-
phamide-based induction, especially in 
patients with multiple relapses (26). In 
sum, we have at hand quite a safe and 
effective strategy for remission main-
tenance using reiterated rituximab in-
fusions. But again, some questions are 
left unanswered, such as the duration 
of treatment and its long-term toxicity.
Efforts were then put into minimising 
exposure to glucocorticoids in order to 
reduce their well-documented toxicity 
(27, 28). Indeed, in all studies men-
tioned so far, patients were exposed 
to similar overall doses of glucocorti-
coids. Decreasing glucocorticoid doses 
needs to be weighed against the in-
creased risk of relapse. Indeed, longer 
exposure to glucocorticoids was found 
to be associated with lower relapse 
rates: in a meta-analysis of therapeutic 
trials in AAV, the proportion of patients 
with a relapse was 14% in those taking 
glucocorticoids at study end as com-
pared with 43% in those not receiving 
them (29). The REMAIN (30) trial, 
VSHFLÀFDOO\�GHVLJQHG�WR�LQYHVWLJDWH�WKH�
rate of relapse in patients receiving the 
same remission-maintenance regimen 
(azathioprine plus prednisone) until 48 
months or 24 months since diagnosis, 
showed that the shorter course was as-
sociated with an odds ratio of 2.57 (95% 
CI [1.16, 5.68]) of having a relapse. So 
it wasn’t without concern that CLEAR 
LQYHVWLJDWRUV�H[SORUHG�WKH�HIÀFDF\�RI�D�
C5a receptor inhibitor (avacopan) as a 
substitute for glucocorticoids or as an 
add-on to low-dose glucocorticoids; 
in both instances they found avacopan 
to be effective in replacing high-dose 
glucocorticoids to induce remission in 
AAV (31). Patients with severe end-or-
gan damage were excluded, as this was 
a phase II exploratory study, but results 
were promising: as expected, typical 
glucocorticoid-related adverse events 
(diabetes, psychiatric disorders, weight 
gain) had a lower incidence in the ava-
copan group. A phase III study of ava-
copan is underway (clinicaltrials.gov 
#NCT02994927). In fact, a reduced-
dose glucocorticoid regimen was tested 
in patients with end-organ damage in 

the recently published PEXIVAS (32) 
trial. The study sought to determine 
whether patients with severe renal im-
pairment and/or pulmonary haemor-
UKDJH� DW� GLVHDVH� RQVHW� EHQHÀWHG� IURP�
the addition of plasmapheresis to a 
standard remission-induction regimen 
(as was suggested by the MEPEX (33) 
trial) either with a standard or reduced-
GRVH� JOXFRFRUWLFRLG� UHJLPHQ�� :KLOH�
the study showed that plasmapheresis 
GLG�QRW�DGG�DQ\�EHQHÀW�LQ�WHUPV�RI�ULVN�
reduction of hard outcomes (death or 
end-stage renal disease), the reduced-
dose glucocorticoid arm achieved the 
VDPH�HIÀFDF\�DV�WKH�VWDQGDUG�GRVH�DUP�
with fewer serious infections. Finally, 
a single group performed two interest-
ing retrospective studies of (i) a remis-
sion-induction regimen based on the 
combination of low-dose cyclophos-
phamide plus rituximab with low-dose 
glucocorticoids (34, 35), and (ii) two 
different remission-induction regimens 
with low-dose cyclophosphamide plus 
rituximab and minimal glucocorticoids 
followed by a glucocorticoid-free 
maintenance regimen (36). The au-
thors found low-dose glucocorticoids 
and early glucocorticoid withdrawal to 
be as effective as standard regimens, 
and the combination of low dose cy-
clophosphamide with rituximab to be 
potentially superior to current standard 
of care. These studies are courageous 
and far-sighted, and shed light on the 
possibility of almost avoiding gluco-
corticoids; however, despite propensi-
ty-matching with cases from large EU-
VAS RCTs, they suffer from the inher-
ent limits of retrospective analysis. The 
question is open, but the way is being 
paved. 
The results of the trials aimed at reduc-
ing cyclophosphamide or glucocorti-
coid exposure in AAV are summarised 
in Table I.
Clinical trials in AAV mainly included 
patients with GPA and microscopic pol-
yangiitis (MPA), while excluded those 
with EGPA (formerly Churg-Strauss), 
taking into account the differences be-
tween EGPA and GPA/MPA in terms 
of pathogenesis, clinical manifestations 
�DQG� VSHFLÀFDOO\� WKH� UDUHU� RFFXUUHQFH�
of renal involvement/severe end-organ 
damage in EGPA) and response to treat-
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Table I. Cyclophoshamide and glucocorticoid dosing for ANCA-associated vasculitis in selected clinical trials published in 2010-2020.
Trial name/Authors Induction Maintenance Overall CyC exposure Overall GC exposure
& characteristics     (equivalent PDN dose)

RAVE (17)  Both arms: Cyc arm: Remission by 3 months: 13.5 g 3.75 g
 MEP pulses 1g x3, then oral PDN AZA 2mg/kg/d starting at 3
Year: 2010 starting with 1mg/kg/d (max 80 mg) or 6 months Remission by 6 months: 27 g
Design: double blinded RCT for 5 months; CyC arm: RTX arm:
Analysed therapeutic phase: oral CyC 2mg/kg/d for 3 to 6 months  placebo AZA starting at 3 or
induction plus placebo RTX 6 months
 RTX arm:
 375mg/m2 x4 plus placebo Cyc 
  
RITUXVAS (18) Both arms:  CyC arm: Remission by 3 months: 5.25 g 18 months: 6.36 g (plus allowed
 MEP pulse 1g, then oral PDN starting with AZA 2 mg/kg/d (max 200mg) (5 infusions) pulses prior to enrolment)
Year: 2010 1mg/kg/d (max 60mg) for 18-24 months RTX arm:
Design: open label RCT CyC arm: PDN Remission by 6 months: 10.5 g 24 months: 7.2 g (plus allowed
$QDO\VHG�WKHUDSHXWLF�SKDVH��� ��PJ�NJ�SXOVHV��IRUWQLJKWO\�IRU�WKH�ÀUVW���� � ����LQIXVLRQV�� SXOVHV�SULRU�WR�HQUROPHQW�
induction then triweekly (min 3 max 6 months)
 RTX arm:
 Cyc 15mg/kg x2 pulses and RTX 
 375mg/m2 x4 
  
MAINRITSAN1 (22)  MEP 0.5-1g x3 pulses, then oral PDN with RTX arm: Remission by 3 months: 5.54 g 18 months: 5.1 g plus 1.875-
 same dosing and taper as in RITUXVAS, RTX 500mg x2 then at 6, 12, (5 infusions) 3.75 g (= MEP 0.5-1 x3 pulses)
Year: 2014 then CyC 0.6g/m2 pulses fortnightly for and 18 months
'HVLJQ��RSHQ�ODEHO�5&7� WKH�ÀUVW����WKHQ����PJ�P��WULZHHNO\� AZA arm: Remission by 6 months: 11.6 g 24 months: 5.95 g plus 1.875-
Analysed therapeutic phase: (min 3 max 6 months) AZA 2mg/kg for 12 months, (10 infusions)  3.75 g (= MEP 0.5-1 x 3 pulses)
maintenance   then 1.5 mg/kg for 6 months 
  then 1 mg/kg for 4 months  
  
CLEAR (31) CyC 15mg/kg x5 pulses (max 1.2g per AZA 2mg/kg/d starting at 3 5.25 g (5 infusions) Avacopan plus PDN arm: 
Year: 2017 pulse) or RTX 375mg/m2 x4 months for those who  2.45 g
Design: double blinded RCT Avacopan plus PDN arm: received a CyC-based
Analysed therapeutic phase: oral PDN starting at 60mg/d then taper induction   Avacopan plus low-dose PDN: 
maintenance to zero in 5 months   0.805 g
 Avacopan plus low-dose PDN: 
 oral PDN starting at 20mg/d then taper 
 to zero in 4 months
 Avacopan only arm:
 no PDN  
  
REMAIN (39)  CyC and prednisone for at least 3 months Continuation arm: AZA Same as CyC arm in RITUXVAS Continuation arm:
Year: 2017  and PDN for another 24-30  same as the 24-month PDN
Design: open label RCT  months after 18-24 months  course in RITUXVAS plus 1.6-
Analysed therapeutic phase:  since disease onset   1.785 g
maintenance  Withdrawal arm:  Withdrawal arm: same as the
  AZA and PDN withdrawal  24-month PDN course in 
  for 0-6 months after 18-24  RITUXVAS 
  since disease onset 
  
McAdoo et al.������ 57;��J�[���DQG�&\&���PJ�NJ�[��� $=$�����PJ�NJ�G�RU�00)� ����J� ����J�LQ�WKH�ÀUVW���PRQWKV�
Year: 2018 (max 750mg per pulse) then CyC 1-2 g/d starting at 3 months  dosing in the following months
Design: retrospective 500mg x4 pulses and PDN 1mg/kg/d   at clinician’s discretion
Analysed therapeutic phase: (max 60mg) 
induction      
  
Pepper et al. (36) Group 1: AZA 1-2 mg/kg/d starting  Group 1: 3-4.5 g Group 1: 0.65-1.15 g
Year: 2018 RTX 1g x2 and CyC 500-750mg x6 at 3 months
Design: retrospective fortnightly pulses and MEP 0.25-0.5g x2  Group 2: 3.4 g Group 2: 0.735 g
Analysed therapeutic phase: pulses then oral PDN 0.5 mg/kg 
maintenance (max 30mg) for 5 days
 Group 2:
 RTX 1g x2 and CyC 10mg/kg x2 pulses 
 (max 750mg) then CyC 500mg x4 pulses, 
 and PDN 60mg/d for 1 week then PDN 
 40mg/d for 1 week then stop  
  
MAINRITSAN2 (23) CyC or RTX or MTX RTX individually-tailored Variable Same as MAINRITSAN1 
Year: 2018 (investigator’s choice) arm:
Design: open label RCT  RTX 500mg x2 then at ANCA
Analysed therapeutic phase:   reappearance/B cell repopulation
maintenance   (checked quarterly)
� � 57;�À[HG�VFKHGXOH�DUP:
  RTX 500mg x2 then at 6, 12, 
  and 18 months
  
MYCYC (20) MMF arm: AZA 2 mg/kg/day CYC arm: Same as RITUXVAS
Year: 2019 MMF 2-3 g/day and standard-dose GC  Remission by 3 months 5.25 g (approximately)
Design: open label RCT   (5 infusions)
Analysed therapeutic phase: CYC arm: CYC pulses (12.5-15 mg/kg  Remission by 6 months 10.5 g 
induction every 2–3 weeks), same as RITUXVAS  (10 infusions)  
  
PEXIVAS (32) CyC or RTX plus standard-dose GC with  MMF arm: no CYC Standard-dose GC: same as 
Year: 2020 or without PEX  Same as RITUXVAS RITUXVAS
Design: double blinded RCT
Analysed therapeutic phase: CyC or RTX plus low-dose GC with or    Low-dose GC: 55% of
induction without PEX   standard-dose GC in RITUXVAS

For weight-based dosing, a 70-kg person with 1.73 m2 body-surface area and normal renal function was chosen as example.
CyC: cyclophosphamide; GC: glucocorticoids; PDN: prednisone; MEP: methylprednisolone; RTX: rituximab; MMF: mycophenolate mofetil; MTX: methotrexate; PEX: plasma 
exchange.
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ment. However, therapeutic advances in 
WKH�ÀHOGV�RI�*3$�DQG�03$�ZHUH�RIWHQ�
incorporated into the management of 
patients with severe, “vasculitic” forms 
of EGPA [and particularly ANCA-pos-
itive EGPA (37, 38)]. Few prospective 
RCTs of remission-induction regimens 
VSHFLÀFDOO\� DGGUHVVHG� SDWLHQWV� ZLWK�
EGPA (39-41), while only one RCT of 
a remission-maintenance regimen was 
VSHFLÀFDOO\�FRQGXFWHG� LQ�SDWLHQWV�ZLWK�
EGPA (42). Thus, maintenance regi-
mens for EGPA have been historically 
translated into clinical practice from 
evidence on GPA/MPA and/or based 
on large retrospective cohorts of EGPA 
patients (43).
Paradigm shifts are ongoing in EGPA 
therapeutics, too. Mepolizumab (on top 
of prednisone), an anti-IL5 agent, was 
found to induce remission in roughly 
half the patients with EGPA in the set-
ting of a large RCT (44). Rituximab 
was used successfully in small retro-
spective studies (45-48), and is be-
ing tested in RCTs such as the REO-
VAS, exploring its role for induction 
(clinicaltrials.gov #NCT02807103), 
and the MAINRITSEG (clinicaltri-
als.gov #NCT0316447), testing it for 
remission-maintenance. The accruing 
evidence of two distinct etiologies for 
ANCA-positive/vasculitic EGPA and 
upper respiratory tract-limited EGPA 
(49) supports the use of more aggres-
sive immunosuppressive therapy in 
the former. Real-life experiences with 
mepolizumab and rituximab, however, 
were less satisfying: in a retrospec-
tive study, patients with EGPA treated 
with conventional immunosuppressants 
�PHWKRWUH[DWH�� D]DWKLRSULQH�� OHÁXQR-
mide) who had similar entry criteria to 
those of patients enrolled in the afore-
mentioned rituximab and mepolizum-
ab trials, were found to have slightly 
higher remission rates than the latter 
(50). Overall, however, current evi-
dence supports the use of mepolizumab 
LQ� WKH�VXEVHW�RI�SDWLHQWV�ZLWK�GLIÀFXOW�
to-control asthma or ear-nose-throat 
manifestations with relapsing or refrac-
tory, non-severe EGPA (51). Sequential 
induction/maintenance therapy with 
rituximab followed by mepolizumab is 
a rational option that needs to be tested.
Advances in ANCA therapeutics have 

led to a tremendous increase in overall 
survival. Cyclophosphamide and glu-
cocorticoids have been the cornerstones 
of therapy for more than 40 years. 
:KLOH�5&7V�VKRZHG�WKDW�GHFUHDVLQJ�WKH�
overall exposure to cyclophosphamide 
or substituting cyclophosphamide with 
rituximab lessens toxicity while retain-
LQJ� HIÀFDF\�� DWWHPSWV� DW� VLJQLÀFDQWO\�
reducing glucocorticoids have thus far 
been unsatisfying, the only promising 
exception being the reduced-dose glu-
cocorticoid regimen in PEXIVAS. Lo-
cal experience of combined rituximab-
low-dose cyclophosphamide and low-
dose glucocorticoids (and even a glu-
cocorticoid-free maintenance regimen) 
from a respected vasculitis tertiary care 
centre is encouraging, but needs con-
ÀUPDWLRQ� LQ� ODUJH� 5&7V�� ,QVLJKWV� LQWR�
pathogenetic mechanisms and genetic 
background of AAVs have led to tri-
als targeting the complement cascade 
in GPA/MPA and IL-5 in EGPA, hope-
fully leading to glucocorticoid-free 
UHJLPHQV��:KLOH�VHYHUH�IRUPV�RI�$$9V�
(i.e., acute kidney injury with need for 
renal replacement therapy at onset, se-
vere pulmonary haemorrhage, severe 
central/peripheral nervous system in-
volvement) will likely still need the 
older and heavier weaponry for quite a 
ZKLOH�� WKH�QH[W� WHQ�\HDUV�PLJKW�ÀQDOO\�
see the day when disease- and patient-
WDLORUHG� WKHUDSHXWLFV� ÀQDOO\� VXEVWLWXWH�
the toxic broad immunosuppression of-
fered by cyclophosphamide and gluco-
corticoids. 
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