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Abstract
Granulomatosis with polyangiitis, microscopic polyangiitis and renal-limited anti-neutrophil cytoplasm antibody 
(ANCA) associated vasculitis are the main ANCA-associated vasculitidies (AAV). Multiple induction therapies for 
AAV exist and have proven successful in achieving disease remission. Azathioprine and methotrexate have been 
used to maintain remission of AAV, however, relapse rates and adverse effects with these medications remain 
high. Rituximab (RTX), a B cell depleting monoclonal antibody, was shown to be safe and effective in maintaining 
disease remission in AAV in early retrospective reviews. In 2014, the first randomized control trial to compare RTX 
and azathioprine in maintenance therapy of newly diagnosed AAV (MAINRITSAN trial), revealed that patients 
who received RTX after cyclophosphamide induction had higher rates of sustained remission, fewer adverse 
effects and, better overall survival rates as compared to azathioprine. MAINRITSAN 2 revealed that patients 
receiving tailored regimens of maintenance RTX received fewer infusions but did not have higher rates of relapse 
than patients who received fixed dose therapy. The RITAZAREM trial conveyed that patients who experienced 
AAV relapse after induction therapy that received induction and maintenance RTX were significantly less likely 
to develop a relapse at 24 months vs . patients who received maintenance therapy with azathioprine. Overall, 
these studies suggest that maintenance therapy with RTX represents an exceptional treatment option in patients 
with AAV in terms of safety and efficacy, resulting in lower relapse rates and less drug toxicity than conventional 
treatments. As a result, patients have fewer exposures to cytotoxic medications and thus, improved outcomes. 
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INTRODUCTION
Anti-neutrophil cytoplasmic antibody associated (ANCA) vasculitis is characterized by infiltration of 
neutrophils into small blood vessel walls, resulting in autoinflammation and necrosis[1]. Microscopic 
polyangiitis (MPA), granulomatosis with polyangiitis (GPA), eosinophilic granulomatosis with polyangiitis 
(EGPA), and renal-limited ANCA-associated vasculitis are considered the main ANCA associated 
vasculitides (AAV). Granulomatosis with polyangiitis and MPA present similarly and have significant 
disease overlap, therefore, they are often considered together in terms of management. Eosinophilic 
GPA is a process defined by eosinophilic pneumonia and its manifestations are dictated by eosinophilic 
inflammation; treatment strategies for this disease are therefore focused on this distinct aspect of its 
pathogenesis and differ from the treatment of the other ANCA associated vasculitides. 

These rare diseases mostly affect individuals over the age of 50 and can progress to life threatening, 
fulminant multisystem disease with complications such as diffuse alveolar hemorrhage (DAH) and 
necrotizing glomerulonephritis causing respiratory failure and renal failure, leading to significant mortality 
rates[2]. Furthermore, despite significant treatment advances in remission induction, preventing disease 
relapse and successfully maintaining disease remission continues to provide a significant challenge to 
physicians. Anti-neutrophil cytoplasmic antibody associated vasculitides therefore must be viewed as 
chronic diseases with complex treatment strategies that require long term immunosuppression. 

Given the rarity of these diseases and the complexity of their treatment, significant efforts have been made 
over the years to investigate safe, effective induction and maintenance therapies for these patients. Prior to 
these significant advancements, AAV ran a fulminant and fatal course with rapidly progressive multisystem 
disease and an extremely high mortality rate. Eighty-two percent of patients with untreated GPA would die 
in 1 year and 90% would die in 2 years[3]. Initially, induction therapy with glucocorticoids was attempted 
and improved survival rates to 1 year, however, this strategy was associated with a multitude of side effects 
and a high rate of disease relapse[4]. 

In the early 1970s and 1980s, promising evidence of cyclophosphamide (CYC) use in conjunction with 
glucocorticoids for induction therapy surfaced. A paramount study in 1985 revealed that 93% of patients 
with GPA followed over a 21-year period who received induction therapy with CYC and glucocorticoids 
achieved disease remission[3]. Unfortunately, however, the cytotoxic side effects of long-term CYC use 
became apparent including leukopenia, hemorrhagic cystitis, infertility and 31-fold increased risk of 
bladder cancer[4]. Despite being an effective agent in inducing disease remission in AAV, the cytotoxicity 
of CYC provided long term harm to patients and thus, was not an ideal agent for maintaining disease 
remission. Further research was needed to discover new treatment modalities that would deliver less 
harmful side effects. 

Multiple studies explored alternate induction therapies for AAV, most notably the CYCLOPS trial in 
2009 (comparing IV pulse doses of CYC vs. daily oral CYC and prednisolone as induction therapy)[5], the 
MORAM trial (exploring efficacy of methotrexate (MTX) in inducing remission vs. CYC and prednisolone)[6], 
and the MEPEX and PEXIVAS trials which studied the use of plasma exchange vs. glucocorticoid therapy 
for patients with AAV and sought to determine whether plasma exchange resulted in any significant 
difference in renal recovery, progression to ESRD or, overall incidence of death in patients with ANCA 
associated vasculitis[7,8]. Although promising, these alternate therapies did not prove to be any more 
efficacious than CYC while still having high relapse rates and significant drug toxicities. 

Two randomized controlled trials exploring induction therapy with RTX vs. CYC (RAVE and RITUXVAS 
trials) found that induction therapy with RTX (administered alone in the RAVE trial and co-administered 
with CYC in the RITUXVAS trial) was non-inferior to CYC alone in inducing disease remission and that 



Skopis et al. Vessel Plus 2020;4:30  I  http://dx.doi.org/10.20517/2574-1209.2020.42                                                 Page 3 of 14

RTX did not have an increased risk of adverse events as compared to CYC. Additionally, at month 18 
in the RAVE trial and at month 12 in the RITUXVAS trial, RTX alone was shown to be as efficacious in 
preventing disease relapse as CYC followed by azathioprine (AZA) maintenance therapy[9,10]. The RAVE 
trial also found that RTX had a better safety profile than CYC[9]. This was a cornerstone discovery in that, 
an induction therapy as effective as CYC (especially in severe relapsing disease) had yet to be discovered 
with the added benefit that RTX had a better safety profile. Despite these promising discoveries for 
induction therapy, maintenance of AAV remission still poses a significant challenge to physicians. This has 
prompted further research into alternative maintenance therapies.

Remission maintenance therapies in ANCA associated vasculitis
Cyclophosphamide, an alkylating agent, has been used as the gold standard of induction therapy in AAV 
for many years. Given its significant toxicity, however, it is not an ideal agent to use in maintaining disease 
remission in AAV, as long-term exposure significantly increases the risk of adverse effects including 
hemorrhagic cystitis and bladder cancer. Therefore, research of alternate remission maintenance strategies 
has been aimed at maintaining disease remission with less toxic immunosuppressants after initial induction 
therapy with cyclophosphamide.

In 2003, a randomized trial comparing AZA versus CYC in maintaining disease remission in ANCA-
associated vasculitis was conducted. The study included patients who had recently been diagnosed with 
generalized vasculitis that were also found to have renal involvement (with a serum creatinine of 5.7 mg/dL 
or less). All patients received CYC and glucocorticoids for induction of disease remission. After 
achieving remission, patients were randomly assigned to receive CYC (1.5 mg/kg) or AZA (2 mg/kg/day) 
maintenance therapy while both groups continued receiving prednisolone. These patients were followed 
for 18 months. Relapse rates in both groups were roughly the same (11 patients in the AZA group and 10 
patients in the CYC group). The study thus concluded that administering AZA after induction therapy with 
CYC was effective in maintaining disease remission and that AZA could be used as a feasible and less toxic 
maintenance therapy than CYC for patients with ANCA-associated vasculitis[11].

Methotrexate has also been researched for use as a maintenance therapy in AAV. In 2017, a single center, 
open-label randomized trial studied the use of MTX vs. CYC for maintenance therapy in AAV. The 
study enrolled patients with MPA, GPA or EGPA and administered induction therapy with CYC before 
randomizing these patients to receive maintenance therapy with CYC or MTX for 12 months. The patients 
were monitored for relapses for 12 months after receiving induction therapy. The study found that the 
frequency of relapses and adverse events was the same between two groups. Methotrexate was thus 
designated a safe and effective alternate option for maintenance therapy in AAV after CYC induction[12]. 

Further studies sought to investigate the use of AZA vs. MTX in maintenance of disease remission in 
ANCA-associated vasculitis. The Wegner Granulomatosis-Entretien (WEGENT) trial, an open label, 
multicenter study, investigated patients with a diagnosis of MPA or GPA who had been given induction 
therapy with CYC and glucocorticoids and were then randomized 1:1 to receive maintenance AZA 
(2 mg/kg/day) or MTX (0.3 mg/kg/day increased incrementally to 25 mg/week) for 12 months. The 
patients were followed for 29 plus or minus 13 months and monitored for relapses. The results showed that 
similar relapse rates and numbers of adverse events occurred in both the AZA and MTX groups, indicating 
that the two drugs have similar efficacies in terms of maintenance of disease remission and, similar safety 
profiles in terms of adverse events[13].

The above data demonstrates that while AZA and MTX are alternate options for maintenance therapy in 
patients with AAV after CYC induction and, that they do decrease the overall amount of exposure to CYC, 
they are still associated with a high risk of relapse and adverse events, with neither of these medications 
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proving to be safer or more efficacious than the other. This fact prompted further investigation into safer, 
more efficient remission maintenance therapies such as RTX.

RITUXIMAB IN ANCA ASSOCIATED VASCULITIS
Rituximab is a monoclonal antibody consisting of both human and murine components that specifically 
targets the B cell CD20 antigen, thus causing removal of B cells from the peripheral circulation[14]. This 
is important because B cells have been implicated in the pathogenesis of AAV via their production of 
ANCAs, activation of the alternative complement pathway, and initiation of inflammatory cascades that 
induce severe necrotizing vascular inflammation. The ANCA autoimmune response is driven by inhibited 
suppression of T cells and B cells, and by release of B-cell stimulating factors by activated neutrophils 
which act to slow the apoptosis of B cells, thus enhancing their proliferation[15]. Due to the fact that the 
pathogenesis of AAV is rooted in B cell mediated autoimmunity, it stands to reason that RTX would be 
of significant therapeutic benefit given its ability to target autoreactive B cells and deplete them from the 
circulation. As such, RTX provides a promising treatment option for induction and maintenance therapy in 
AAV because it targets the direct pathogenesis of the disease. 

MAINTENANCE THERAPY WITH RITUXIMAB IN AAV
With the advent of promising research demonstrating RTX as a safe and effective induction therapy, 
investigators set their sights on this drug as a possible maintenance therapy for patients with AAV. 
Rituximab showed promise as a maintenance therapy for AAV in early case reports and retrospective 
reviews. In 2001, the use of RTX was described in a man with a history of chronic, relapsing GPA who did 
not tolerate treatment of disease relapse with CYC due to bone marrow toxicity, which caused significant 
anemia. Additional immunosuppressive treatments such as AZA and mycophenolate mofetil (MMF) 
were attempted, however, the patient did not respond to these treatments and had continued relapses with 
worsening renal failure and a meningeal flare of GPA. The decision was made to initiate therapy with RTX 
on a compassionate basis given the patient had been refractory to all conventional treatments and MTX 
was contraindicated. Subsequently, the patient received 4 infusions of 375 mg/m2 of RTX and high dose 
glucocorticoids. The patient entered complete remission after treatment with RTX and it was observed that 
his cytoplasmic ANCA (cANCA) and B lymphocyte levels had completely disappeared. At 11 months after 
treatment, the patient’s cANCA and B lymphocytes reappeared, yet he did not have any signs or symptoms 
of disease relapse; he was preemptively treated with RTX at that time and remained in complete remission 
at 18-month follow up[16] [Table 1].

In 2005, a case series reviewed 9 patients with a history of GPA or MPA who had either been resistant to 
treatment with CYC or, had experienced recurrent relapses after cessation of CYC therapy. Two of the 
patients were myeloperoxidase (MPO) - ANCA positive and 7 were proteinase-3 (PR-3) ANCA positive. 
These patients were treated with RTX infusions in addition to conventional immunosuppressants (AZA, 
MMF, or a short course of CYC) in order to prevent the formation of antibodies to RTX. Three patients 
were treated twice with a once per week infusion and four patients were treated four times with a once 
per week infusion. Eight out of the 9 patients in the study exhibited a complete response to RTX therapy 
with one patient having a partial response. Responses included improvement of chest x-ray (four patients), 
cessation of lower extremity gangrene (one patient), improvement of peripheral neuropathy (one patient), 
remission of renal vasculitis (two patients), and improvement in severe musculoskeletal pain (one patient)[17] 
[Table 1].

A retrospective study of 8 patients with a history of relapsing or refractory GPA who received RTX 
infusions in conjunction with ongoing immunosuppressive therapy was conducted in 2007. This 
study investigated the efficacy of RTX in patients with GPA who had either failed treatment with prior 
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Study and year of study Study design Objective of study Results Study limitations
Response of Wegner’s 
granulomatosis to 
Anti-CD20 chimeric 
monoclonal antibody 
therapy, 2001[16] 

Case Report To describe the successful 
use of rituximab to 
treat a patient with 
chronic, relapsing GPA 
who did not tolerate 
cyclophosphamide 
therapy and was 
resistant to treatment 
with glucocorticoids, 
azathioprine and 
mycophenolate mofetil

Rituximab was able 
to successfully induce 
and maintain disease 
remission in a patient 
with chronic, relapsing 
GPA resistant to other 
immunosuppressants 

The report only describes 
the response of one 
individual to rituximab 
which fails to generalize 
the results to other 
patients with ANCA 
associated vasculitis

Nine patients with anti-
neutrophil cytoplasmic 
antibody-associated 
vasculitis successfully 
treated with rituximab, 
2005[17]

Case series which 
included with structured 
patient follow up

To review the outcomes 
of 9 patients with MPA 
and GPA treated with 
rituximab who were 
either resistant to or 
had recurrent relapses 
after cessation of 
cyclophosphamide

Rituximab was efficient 
and safe as an induction 
and maintenance therapy 
for patients with MPA and 
GPA 

No control arm
Possible selection bias 
Patients received 
additional 
immunosuppressive 
medications while they 
were on treatment with 
rituximab 

Adjunction of rituximab 
to steroids and 
immunosuppressants 
for refractory/relapsing 
Wegner’s granulomatosis: 
a study on 8 patients, 
2007[18]

Retrospective study 
of 8 patients with 
refractory or relapsing 
GPA who received 
rituximab infusions in 
addition to their ongoing 
immunosuppressive 
therapy

To investigate rituximab 
use in conjunction with 
ongoing steroid and 
immunosuppressant 
therapy as a treatment 
for relapsing/refractory 
GPA and to determine the 
frequency of infusions, 
time to patient response 
and, effects on the various 
manifestations of GPA

Treatment of relapsing/
refractory GPA with 
rituximab in conjunction 
with steroids/
immunosuppressants 
resulted in good clinical 
outcomes 
There was a dissociation 
in the time to response of 
vasculitis manifestations 
(improved over days to 
weeks) vs . granulomatous 
manifestations (improved 
over several months) to 
rituximab

Patients were 
receiving concomitant 
immunosuppressive 
therapy so it is difficult 
to tell if results could be 
attributed to rituximab 
alone 

A multicenter survey of 
Rituximab therapy for 
refractory antineutrophil 
cytoplasmic antibody-
associated vasculitis, 
2009[19]

Standardized, 
retrospective data 
collection from 65 patients 
at 4 centers in the UK with 
a history of refractory AAV 
who received rituximab as 
induction therapy (largest 
series reported at that 
time)

To determine if rituximab 
is a safe and effective 
option in treating patients 
with ANCA associated 
vasculitis

Rituximab was found to be 
successful as an induction 
therapy in patients with 
AAV
Additionally, patients 
who received preemptive 
retreatment in the absence 
of any signs of a relapse 
with a regimen of 1 g 
rituximab every 6 months 
had no disease relapse 
at eleven- month follow 
up, suggesting rituximab 
as a viable maintenance 
therapy

Possibility of positive 
outcome bias given 
that the study was a 
retrospective review

Rituximab as maintenance 
therapy for anti-
neutrophil cytoplasmic 
antibody-associated 
vasculitis, 2010[20]

Retrospective review of 
39 patients with AAV who 
received maintenance 
therapy with rituximab

To determine the efficacy 
and safety of rituximab 
infusions as maintenance 
therapy in patients 
with ANCA-associated 
vasculitis who had 
achieved complete or 
partial remission

Rituximab was safe and 
effective in maintaining 
disease remission in 
patients with ANCA-
associated vasculitis 

Comparison with other 
studies is limited because 
this cohort had lower 
disease activity at study 
onset 

Rituximab for remission 
induction and 
maintenance in refractory 
granulomatosis with 
polyangiitis (Wegner’s), 
2012: ten year experience 
at a single center[21]

Single-center historical 
cohort study observing 
all patients (53 total) 
with a history of chronic 
relapsing GPA treated 
with rituximab therapy 
from January 1, 2000 to 
May 31, 2010

To determine the efficacy 
of rituximab as a therapy 
for maintenance of 
remission in patients 
with a history of chronic 
relapsing refractory GPA

Rituximab was effective 
and well tolerated 
as an induction and 
maintenance therapy in 
patients with a history of 
chronic relapsing GPA 

Open-label administration 
of rituximab 
Experience of study was 
only from one center 
with a predominantly 
Caucasian population 
of Scandinavian and 
Northern European 
background
Except for 1 patient, all 
patients were PR-3 ANCA 
positive 

Table 1. Studies regarding maintenance therapy with Rituximab in ANCA-associated vasculitis
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Rituximab 
maintenance therapy 
for granulomatosis 
with polyangiitis and 
microscopic polyangiitis, 
2012[22]

Retrospective study of the 
outcomes and tolerance 
of patients with MPA 
and GPA treated with 
rituximab maintenance 
therapy 

To investigate the 
efficacy of rituximab 
as a maintenance 
therapy in patients with 
AAV who achieved 
disease remission 
with conventional 
immunosuppressants or 
rituximab 

Rituximab was well 
tolerated and maintained 
remission of patients with 
GPA and MPA however, it 
did not completely prevent 
relapses 
**The preliminary results 
of this study were to 
be confirmed by the 
MAINRITSAN trial which 
was in progress when the 
results of this study were 
published 

Half of the patients 
had received additional 
immunosuppression 
concomitantly with 
rituximab, making it 
difficult to discern if the 
low relapse rates were 
solely attributable to 
rituximab use
Preliminary study which 
did not allow conclusions 
about the exact role of 
rituximab in treating AAV

MAINRITSAN trial, 
2014[23]

Nonblinded, randomized 
controlled trial 

To compare rituximab 
infusions to azathioprine 
as maintenance therapy 
in patients with ANCA 
associated vasculitis 
(MPA, GPA, and renal-
associated ANCA 
vasculitis)

Rituximab infusions of 
500 mg given every 6 
months were superior 
to azathioprine as 
maintenance therapy 
in AAV, particularly in 
patients who are PR-3 
ANCA positive 

Trial was not blinded
Fewer patients with anti-
MPO ANCA positive 
vasculitis, MPA, or renal 
limited disease 

MAINRITSAN2 trial, 
2018[24]

Open-label, pragmatic, 
multicenter randomized 
controlled trial 

To compare rituximab 
infusions tailored to the 
appearance of ANCA 
autoantibodies, increasing 
ANCA titers and/or the 
presence of CD19+ B 
cells in the circulation 
measured every three 
months to fixed dose 
regimens of rituximab in 
patients with GPA or MPA 
as maintenance therapy

There was not a significant 
difference in the number 
of relapses in the tailored 
infusion group vs . the 
fixed dose regimen group; 
tailored infusion group 
received fewer infusions 
while still maintaining a 
low relapse rate 

Open-labeled but all 
relapses were assessed 
by an independent 
Adjudication Committee 
who was not aware of 
the treatment arm or the 
circulating CD19+ B cell 
count
There were 59 centers 
with testing performed 
at each individual center 
(as opposed to all testing 
being done in the same 
laboratory), however, all 
labs for a given patient 
had to be drawn at the 
same laboratory 

RITAZAREM trial, 2019[25] International, multi-center, 
open-labeled, randomized, 
controlled trial

To compare the efficacy 
of rituximab vs . oral 
azathioprine as a 
maintenance therapy in 
patients with a history of 
relapsing AAV who had 
received induction therapy 
with rituximab 

Rituximab was superior 
to azathioprine as 
maintenance therapy 
in AAV patients with a 
history of prior relapses 

Investigators were given 
the option to choose the 
glucocorticoid tapering 
regimen after induction 
therapy as opposed to 
using a blinded, randomly 
assigned tapering 
schedule 

Prolonged B cell 
depletion with rituximab 
is effective in treating 
refractory pulmonary 
granulomatous 
inflammation in 
granulomatosis with 
polyangiitis (GPA), 
2014[26]

Retrospective case series To investigate the 
efficacy of rituximab 
infusions in treating 
pulmonary granulomas 
in patients with GPA 
who were previously 
resistant to traditional 
immunosuppressive 
treatment 

Prolonged B cell depletion 
following rituximab 
infusion was effective in 
reducing both the size 
and number of pulmonary 
nodules in these patients 
for at least 18 months 
after treatment 

Small patient cohort (5 
patients) makes results 
hard to generalize 

Rituximab for treatment 
of severe renal disease 
in ANCA associated 
vasculitis, 2016[28] 

Retrospective multi-center 
study 

To investigate the 
efficacy of rituximab and 
glucocorticoids alone vs . 
rituximab, glucocorticoids 
and cyclophosphamide 
as a treatment for AAV 
patients with severe renal 
disease 

There was no difference 
in outcomes between 
the rituximab and 
glucocorticoids arm vs . 
rituximab, glucocorticoids 
and cyclophosphamide 
arm

Concomitant 
glucocorticoid 
administration with 
rituximab makes it 
difficult to discern if the 
results can be solely 
attributable to rituximab 

Rituximab in the 
treatment of refractory 
scleritis in patients with 
polyangiitis (Wegener’s), 
2015[29]

Retrospective analysis of 
interventional case series

To evaluate the efficacy 
of rituximab in patients 
with a history of GPA 
who developed scleritis 
that was refractory 
to conventional 
immunosuppressant 
therapy

Four weeks after 
treatment with rituximab, 
all patients showed 
improvement of refractory 
necrotizing anterior 
scleritis and no further 
disease progression

Small patient cohort (8 
patients) makes results 
hard to generalize
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Rituximab therapy 
for refractory orbital 
inflammation: results of a 
phase 1/2, dose-ranging, 
randomized controlled 
trial, 2014[30]

Dose ranging, randomized, 
double masked phase 1/2 
clinical trial 

To determine the efficacy 
of rituximab in treating 
orbital inflammation

Rituximab was 
effective in treating 
orbital inflammation 
due to GPA that was 
refractory to previous 
immunosuppressive 
treatment 

Small patient cohort (10 
patients total with orbital 
inflammation, 2 of these 
patients had GPA)

Successful treatment 
of hypertrophic 
pachymeningitis in 
refractory Wegener’s 
granulomatosis with 
rituximab, 2009[31]

Case Report To describe the use of 
rituximab to treat a patient 
with GPA who developed 
pachymeningitis 
which was refractory 
to treatment with 
cyclophosphamide 
and pulsed dose 
methylprednisolone 

The patient experienced 
complete remission after 
treatment with rituximab 

Case report details the 
response of one individual 
patient to treatment thus 
these results cannot 
be extrapolated to 
other patients with this 
condition without further 
studies 

Effectiveness of Rituximab 
for the otolaryngologic 
manifestations of 
granulomatosis with 
polyangiitis (Wegener’s)[32]

Retrospective analysis To determine the efficacy 
of rituximab in treating 
the ENT manifestations of 
GPA

Rituximab was found to 
be an effective treatment 
for ENT manifestations of 
GPA 

Comments only on the 
ENT (granulomatous) 
manifestations of GPA, 
does not explore efficacy 
of rituximab for treatment 
of GPA manifestations 
secondary to systemic 
vasculitis 

Diffuse alveolar 
hemorrhage secondary 
to antineutrophil 
cytoplasmic antibody-
associated vasculitis: 
predictors of respiratory 
failure and clinical 
outcomes, 2016[33]

Single center historical 
cohort study 

To determine the efficacy 
of plasma exchange, 
cyclophosphamide 
and rituximab in 
treating diffuse alveolar 
hemorrhage in patients 
with AAV

Complete remission 
was achieved at a higher 
rate with rituximab than 
with cyclophosphamide, 
addition of plasma 
exchange did not improve 
outcomes

Study included 
predominantly patients 
with GPA rather than 
MPA

GPA: granulomatosis with polyangiitis; ANCA: anti neutrophil cytoplasmic antibody; MPA: microscopic polyangiitis; AAV: ANCA 
associated vasculitis; PR-3: proteinase-3; MPO: myeloperoxidase; MAINRITSAN: maintenance of remission using Rituximab in systemic 
ANCA-associated vasculitis; RITAZAREM: Rituximab vs . Azathioprine as therapy for maintenance of remission of anti-Neutrophil 
cytoplasm antibody-associated vasculitis

immunosuppressive therapy or, had continued to relapse despite treatment. The study found that RTX 
infusions improved the clinical outcomes of patients with relapsing or refractory GPA when used 
in conjunction with other immunosuppressants. Additionally, it was found that the granulomatous 
manifestations of GPA took longer to respond to RTX therapy (several months) as opposed to the vasculitis 
manifestations of GPA, which responded within weeks to months[18] [Table 1]. 

A retrospective data collection two years later in 2009 (the largest data review to be conducted at that time) 
gathered data from 65 patients across 4 centers in the UK with a history of refractory AAV who received 
induction therapy with RTX. The study aimed to investigate the efficacy and safety of RTX in patients with 
refractory AAV as an induction therapy. Complete remission occurred in 49/65 patients (75%), with partial 
remission occurring in 15/65 patients (23%). Only one patient did not respond to therapy. Furthermore, 
patients who received preemptive retreatment with 1 g of RTX every 6 months despite not having any 
symptoms of disease relapse had zero relapses at 11-month follow up, suggesting that RTX was also an 
effective maintenance therapy in patients with refractory AAV[19] [Table 1]. 

A year later in 2010, another retrospective review studied RTX as a maintenance therapy in 39 patients 
with AAV who had already achieved either complete or partial remission. This study aimed to address 
the direct role of continuous infusions of RTX as a maintenance therapy in AAV patients. All 39 patients 
followed up after 1 year and 20 patients followed up after 2 years. The results showed that RTX treatment 
resulted in good disease control throughout the study. Median disease activity was measured according to 
the Birmingham Vasculitis Activity Score (BVAS), a comprehensive scoring system of all organ systems 
possibly affected by vasculitis that contains 59 items divided into 9 groups (i.e., general, cutaneous, mucous, 
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renal, etc.). A lower score indicates lower disease activity, versus a higher score which indicates higher 
disease activity. Median disease activity of the patients in the study was 1 at baseline and improved to 0 at 
12 and 24-month follow up. Eighty-seven percent of patients were on cytotoxic immunosuppression at the 
start of the study vs. 41% at 12-month follow up and 30% at 24-month follow-up[20] [Table 1]. 

A single center historical cohort study in 2012 observed 53 patients with chronic relapsing GPA over 10-year 
period from January 1, 2000 to May 31, 2010 in whom RTX was used to maintain remission or, to treat 
disease relapses. The patients in the study received at least 2 courses of RTX (median number of courses of 
RTX was 4), with 52 of these patients being PR-3 ANCA positive. All patients who were treated for relapses 
achieved disease remission. Of the 53 patients, all achieved B cell depletion after induction therapy with 
RTX. Thirty two out of the 53 patients relapsed and, in all cases, relapses were associated with a rise in PR-3 
ANCA levels and the reappearance of CD19+ B lymphocytes in the circulation. Remission was maintained 
successfully in all patients who were treated with preemptive courses of RTX based on re appearance of B 
lymphocytes and increases in PR-3 ANCA titers. Overall, this study conveyed the effectiveness of RTX as 
both an induction and maintenance strategy in patients with AAV[21] [Table 1].

A retrospective study in 2012 examined the outcomes of 28 patients with AAV (4 with MPA and 24 with 
GPA) treated with RTX for maintenance therapy from 2003-2010. All patients in the study had entered 
remission with the use of conventional immunosuppressant therapy or RTX and were monitored for 
relapse rates and tolerance after greater than or equal to 2 RTX infusions used as maintenance therapy. The 
median range of RTX infusions was 4 with a median follow up time of 38 months from diagnosis or last 
flare. Out of 28 patients, 2 had pulmonary relapses, 1 patient suffered alveolar hemorrhage 6 months after a 
RTX infusion and 1 patient developed new lung nodules 11 months after a RTX infusion (this patient was 
then started on a new induction regimen with RTX which achieved disease remission and was followed by 
successful RTX maintenance). At final evaluation, 6 patients were in complete remission, 11 patients were 
in complete remission with irreversible damage and, 9 patients were in partial remission. 7 of these patients 
had persistent ENT involvement and 2 patients had persistent lung nodules. None of these patients had 
infusion reactions, 15 patients had hypogammaglobulinemia and 3 patients developed infections. The data 
of this study suggest that RTX could be used as a safe, effective maintenance therapy in AAV[22] [Table 1]. 
Since the safety and efficacy of RTX as a maintenance therapy had been established in this study, the 
next question posed was the efficacy and safety of RTX as compared to other conventional maintenance 
therapies like AZA. This laid the framework for the largest randomized controlled trial to compare RTX 
to AZA as maintenance therapy in AAV titled the Maintenance of Remission using Rituximab in Systemic 
ANCA-associated Vasculitis (MAINRITSAN) trial. 

In 2014, the MAINRITSAN trial investigated the use of RTX vs. AZA as a maintenance therapy in patients 
with AAV. The study was a non-blinded, randomized controlled trial that studied patients with GPA, MPA 
or renal-limited AAV who had received induction therapy with CYC and glucocorticoids and achieved 
disease remission. These patients were randomized to receive RTX infusions vs. daily AZA for maintenance 
therapy and were monitored for disease relapse. After 28 months, 5% of the patients in the RTX group had 
suffered disease relapses vs. 29% of the patients in the AZA group. Additionally, adverse event rates were 
similar between the two groups. This study demonstrated that patients in the RTX group had significantly 
less relapses and an equal number of adverse events as the AZA group, thus conveying the superiority of 
RTX to AZA in maintaining disease remission in AAV while maintaining a similar safety profile to AZA[23] 
[Table 1]. One interesting point is that the study was comprised mostly of patients who were anti PR-3 
ANCA positive; patients who were anti MPO-ANCA positive and patients who had renal associated AAV 
comprised a smaller patient population in the study. An interesting point of further investigation would be 
to do additional trials exploring RTX as remission maintenance in patients who have anti MPO ANCA-
positive vasculitis to further determine their responsiveness to RTX treatment.
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Optimum regimen of rituximab maintenance therapy and reliability of ANCA titers and presence 
of CD19+ B lymphocytes as predictors of AAV relapse
In light of the evidence that RTX was superior to AZA in remission maintenance in the MAINRITSAN 
trial, investigators then set out to describe the optimum RTX treatment regimen in order to maintain 
disease remission in AAV, and to determine whether the reappearance of ANCA autoantibodies, an 
increase in ANCA titers from baseline or, the reappearance of CD19+ B lymphocytes at follow up could 
provide a reliable marker of the need for reinfusion of RTX in order to prevent disease relapses. 

The study was conducted by comparing the relapse rates of patients receiving individually tailored 
regimens of RTX infusions which were administered based on the reappearance of CD19+ B lymphocytes, 
reappearance of ANCA autoantibodies, or a marked increase in ANCA titers from baseline to the relapse 
rates of patients receiving fixed dose regimens of RTX. This trial was titled Maintenance in Remission 
using Rituximab in Systemic ANCA-associated Vasculitis-2 (MAINRITSAN2). The study was an open 
label, pragmatic, multicenter, randomized controlled trial. Patients were randomized in a 1:1 ratio to 
receive tailored RTX infusions or fixed dose regimens. These therapies were given 1 month after achieving 
remission with either CYC, MTX, or RTX induction in both groups. 

The results of the study showed that 17.3% of the patients in the tailored therapy arm suffered relapse vs. 
9.9% of patients in the fixed dose regimen arm. Major relapses occurred in 7.4% of the tailored regimen 
arm vs. 3.7% of the fixed dose regimen arm. Patients in the tailored infusion arm received 248 infusions vs. 
patients in the fixed dose regimen arm who received 381 infusions. The results of the MAINRITSAN2 trial 
demonstrated that individually tailored infusions of RTX based on biomarker activity were associated with 
low major relapse and relapse rates which did not differ significantly from the fixed dose regimen group, 
and allowed for administration of fewer RTX infusions. The study also demonstrated that reappearance of 
ANCA autoantibodies, increasing ANCA titers or, reappearance of CD19+B lymphocytes was not reliable 
in predicting AAV relapse, particularly because 4 patients in the study had negative ANCA autoantibodies 
and no circulating B cells at the time of disease relapse[24] [Table 1].

Rituximab maintenance therapy in patients with relapsing AAV
In 2019, further studies were conducted to determine the efficacy of RTX vs. AZA as a maintenance therapy 
for patients with a history of relapsing AAV who achieved disease remission with RTX induction. This 
trial, known as the Rituximab as Therapy to Induce Remission after Relapse in ANCA-associated Vasculitis 
(RITAZAREM) trial, was an international, multi-center, open labeled, randomized controlled trial. Patients 
with a history of relapsing AAV were recruited for the study during the time of an active relapse and 
received glucocorticoids and RTX as induction therapy. The patients were then randomized to receive 
RTX or AZA maintenance in a 1:1 ratio and followed for 36 months, with 61% of patients having suffered 
a major relapse at the time of enrollment in the study. At 24 months after treatment, 13% of patients in the 
RTX group experienced relapses; of the 13% of relapses in the RTX group, 82% were classified as minor and 
18% were classified as major. 38% of patients in the AZA group suffered relapses; of the relapses in the AZA 
group, 62% were classified as minor and 38% were classified as major. The adverse event rate in the RTX 
group was lower (22%) vs. the AZA group (36%). The RITAZAREM trial successfully demonstrated that 
RTX maintenance therapy was superior to AZA in patients with a history of relapsing AAV who achieved 
remission with RTX induction and, that RTX was associated with fewer adverse events[25] [Table 1]. 

The role of rituximab in maintenance therapy of lung, renal, and other systemic manifestations 
of AAV
Anti-neutrophil antibody associated vasculitis is a systemic disease which affects multiple organ systems. 
Below are studies outlining RTX as maintenance treatment of the various systemic manifestations of the 
disease. 
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The role of RTX as a maintenance therapy of pulmonary granulomas in patients with GPA was described in 
an observational cohort study in 2014. The study looked at 5 patients with a history of PR-3 ANCA positive 
GPA who had pulmonary granulomas that were previously resistant to traditional immunosuppressive 
treatments. These patients received RTX infusions in reduced dosing schedules and were monitored for 
radiographic improvement of their pulmonary granulomas on chest x-ray (CXR) every 6 months for a total 
of 18-38 months. The results revealed that prolonged B cell depletion following treatment with RTX was 
effective in reducing both the size and number of pulmonary nodules in these patients for at least 18 months 
after treatment[26].

Renal manifestations of AAV include necrotizing and rapidly progressive glomerulonephritis with crescent 
formation, leading to rapid decompensation of renal function and acute renal failure[2]. Renal involvement 
in AAV is an extremely poor prognostic factor, and it is the most significant predictor of mortality in AAV 
patients[27]. The renal manifestations of AAV can occur without concomitant systemic vasculitis, an entity 
known as renal limited AAV. Rituximab has been studied as an induction agent for patients with AAV and 
severe renal disease. 37 patients with a history of AAV and a GFR < 20/mL/min/1.73 m2 were studied in 
order to determine the safety and efficacy of RTX and glucocorticoids alone vs. RTX, glucocorticoids and 
CYC as induction therapy in patients with AAV and severe renal disease. The study found that there was 
no difference in outcomes between the two treatment groups, and that RTX and glucocorticoids alone were 
as effective as RTX, CYC and glucocorticoids in treating AAV patients with severe renal disease[28]. The 
MAINRITSAN trial also included patients with renal associated AAV and displayed the superiority of RTX 
to AZA in maintenance of disease remission in these patients[23].

Other manifestations of AAV successfully treated with RTX include refractory scleritis[29], orbital GPA[30], 
hypertrophic pachymeningitis in refractory GPA[31], ENT manifestations of GPA[32], and DAH[33].

ADVERSE EFFECTS OF RITUXIMAB
Hypogammaglobulinemia has been observed in patients receiving maintenance therapy with RTX, which 
is of particular concern given the increased risk of developing serious infections when immunoglobulins 
are low[23,24]. Literature detailing an ideal threshold immunoglobulin level at which to stop RTX in 
order to prevent development of serious, life threatening infections has not been described. It has 
been described that antibiotic prophylaxis is effective in preventing infections in patients who develop 
hypogammaglobulinemia after RTX therapy. These patients should receive influenza and pneumococcal 
vaccinations prior to the initiation of treatment in order to prevent infections[34].

Late onset neutropenia has been described in patients with rheumatic diseases who have received RTX 
therapy, albeit this is a rare side effect. Several mechanisms have been proposed which could potentially 
contribute to late onset neutropenia in patients with rheumatic diseases receiving RTX including increased 
production of B lymphocytes which halts production of T cells and, infiltration of bone marrow and 
peripheral blood by T-large granular lymphocytes[34,35].

Progressive multifocal leukoencephalopathy (PML) has also been described in patients with GPA and MPA 
receiving RTX treatment. A cumulative analysis conducted in 2018 which studied patients receiving RTX 
for GPA or MPA between 2009 and 2015 showed that the confirmed number of cases of reported PML was 
very low (< 1 case per 10,000), indicating that this is a rather rare adverse effect of the medication. Despite 
its rarity, physicians should still be aware of the risk of development of PML in AAV patients receiving 
treatment with RTX, as these patients have often previously received cytotoxic immunosuppressants which 
are also known risk factors for development of PML[36]. 
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Continued use of RTX increases the risk of serious infections depending upon the indication for its use 
and, the dose at which it is being administered. With regard to AAV patients, a retrospective case review 
demonstrated that severe infections occurred most commonly within the first year of receiving RTX 
treatment. Old age and lack of ENT involvement was a risk factor for developing severe infection[37]. 
Another study found that bronchiectasis and endobronchial involvement were notable risk factors 
for development of severe respiratory infections, and that antibiotic prophylaxis with Trimethoprim-
sulfamethoxazole was effective in preventing infections in patients with AAV who were receiving RTX 
infusions[38].

Rituximab as induction and maintenance therapy in EGPA
Due to the fact that the pathogenesis of EGPA is dictated by eosinophil mediated inflammation and 
eosinophilic pneumonia as opposed to the other ANCA associated vasculitides (which are driven by 
the pathogenesis of B cell autoimmunity, neutrophil abnormalities and complement activation), the 
treatment of this specific subset of AAV can differ, which is why EGPA was excluded from most of the 
studies mentioned above. Induction therapy of life-threatening organ involvement in EGPA is commonly 
accomplished with CYC and glucocorticoids. A study in 2017 sought to investigate RTX vs. CYC as induction 
therapy in patients with EGPA who were refractory to prior induction therapy with CYC. This retrospective 
analysis studied 28 patients with EGPA and measured their treatment response when treated with RTX 
induction therapy vs. cyclophosphamide. Five of the patients in the RTX arm (36%) achieved disease 
remission as opposed to four patients in the CYC arm (29%). The remainder of the patients achieved partial 
remission. There was no difference in response to treatment between the two groups. Rituximab was well 
tolerated but did result in a decrease in serum immunoglobulin levels[39]. Further research is yet to be done 
on effective maintenance therapies for EGPA and would be an interesting subject of continued studies. 

EFFICACY OF RITUXIMAB IN TREATING PROTEINASE 3-ANCA VS . MYELOPEROXIDASE-

ANCA
During the RAVE trial, patient responses to RTX vs. CYC were analyzed based on ANCA-type (PR-3 
vs. MPO). The data concluded that RTX was also superior to CYC in maintaining remission specifically 
in ANCA PR-3 positive patients vs. patients who were positive for ANCA-MPO[9]. The MAINRITSAN 
trial enrolled more patients who were positive for anti-PR-3 ANCA in the study than patients who were 
positive for anti-MPO ANCA, so the results were more indicative of the response of the anti-PR3 ANCA 
patient population to RTX [Table 1]. Earlier trials also enrolled greater numbers of PR-3 ANCA positive 
patients[17,21]. This poses an interesting question as to whether RTX is more effective in treating and 
preventing disease relapse in patients who are specifically PR-3-ANCA positive and, would be a good 
subject of future research. 

RISK FACTORS FOR DISEASE RELAPSE IN ANCA ASSOCIATED VASCULITIS
The utility of monitoring the presence of autoreactive ANCA antibodies, ANCA titers and, presence of 
circulating CD19+B cells as a risk factor for disease relapse in AAV has been a matter of debate due to 
conflicting data on this subject throughout the years. It is particularly useful to know this information as 
prevention of relapses is paramount in reducing organ damage and increasing survival in AAV patients. 
There is conflicting evidence regarding this subject because while ANCA titers do often drastically decrease 
in patients who have received induction therapy, some patients who have achieved disease remission can 
remain ANCA positive and certain patients who are negative for ANCA autoantibodies can still relapse. 
The same question is posed regarding the presence of circulating CD19+ B cells as relapses have occurred 
regardless of the presence of B cells in AAV patients. The MAINRITSAN 2 trial addresses this fact as the 
study notes that four patients experienced disease relapses despite being ANCA negative and having no B 
cells in the circulation.
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A single center cohort study conducted in June 2020 sought to investigate the role of the presence of 
ANCA autoantibodies, ANCA titers and, the appearance of CD19+ B cells in the circulation as predictors 
of the risk of disease relapse in AAV patients. The study found that ANCA negativity regardless of B cell 
presence was a strong predictor that disease remission would be maintained. Additionally, PR-3 ANCA 
positivity or persistence of PR-3 ANCA levels was a strong predictor of relapse. Relapses in the MPO-
ANCA population occurred exclusively when B cells were present. This research provides the interesting 
possibility that a tailored regimen of therapy based on ANCA positivity and presence of B cells could be 
effective in preventing disease relapse in AAV patients. The question that remains is if this method could 
lead to overtreatment, as some patients are able to achieve clinical remission despite ANCA positivity and 
relapses have been known to occur in patients regardless of B cell presence. This will be an interesting topic 
of further research[40].

CONCLUSION
Treatment of AAV has always provided a challenge for physicians both because of its severe, life threatening 
manifestations and, the multitude of side effects caused by the cytotoxic medications needed to induce 
and maintain disease remission. Despite these therapies, patients with AAV still experienced high rates 
of relapse. Cyclophosphamide was the gold standard of induction therapy for many years however, given 
its extensive risk of cytotoxic side effects, it was not an ideal long-term maintenance therapy for patients 
with AAV and other agents were explored for disease maintenance remission. Among these medications 
are MTX and AZA, which gained recognition for their ability to induce disease remission and shorten the 
length of time of CYC exposure, however, these medications had high relapse rates and were associated 
with numerous adverse effects. The RAVE and RITUXVAS trials demonstrated that RTX was non-inferior 
to CYC in successfully achieving disease remission in AAV patients and, had a similar safety profile to 
CYC. 

After the discovery that RTX was a promising induction agent for AAV, early retrospective reviews were 
conducted exploring RTX as a maintenance therapy for AAV. The MAINRITSAN trial provided evidence 
of the superiority of RTX to AZA in preventing disease relapse in AAV patients, and the MAINRITSAN 
2 trial demonstrated that individually tailored regimens of RTX infusions based on the reappearance of 
ANCA autoantibodies, increase of ANCA titers or, reappearance of CD19+ B lymphocytes from treatment 
randomization had similarly low relapse rates as fixed dose regimens of RTX and, enabled patients to 
receive fewer infusions. The RITAZAREM trial demonstrated the superiority of RTX as a maintenance 
therapy compared to AZA in the prevention of disease relapse in patients with a history of relapsing AAV 
and, showed that RTX had fewer associated adverse events. Additionally, despite being left out of the above 
trials due to its distinct pathogenesis, RTX maintenance was also investigated in EGPA as compared to 
CYC in another study and was deemed an effective and well tolerated treatment option for EGPA.

These studies are monumental in the advancement of therapy for AAV because up until recently, the gold 
standard induction therapy for this disease was extremely cytotoxic and even though alternate maintenance 
strategies were aimed at reducing the toxic effects of CYC, they had high rates of relapse and were 
associated with adverse effects of their own. The above literature reveals that RTX is a safe, effective and 
well tolerated induction and maintenance therapy in AAV that can be given in a tailored dosing regimen, 
thus exposing patients to fewer infusions. This has important implications in the treatment of AAV as 
patients treated with RTX will have better disease control with lower relapse rates, fewer exposures to the 
medication and, a decreased incidence of adverse events. As a result, patients with AAV receiving RTX 
therapy will have higher survival rates and longer relapse free periods, leading to an overall enhanced 
quality of life and improvement in patient outcomes.
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