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ABSTRACT
Objective Following induction of remission with 
rituximab in anti- neutrophil cytoplasmic antibody- 
associated vasculitis (AAV) relapse rates are high, 
especially in patients with history of relapse. 
Relapses are associated with increased exposure to 
immunosuppressive medications, the accrual of damage 
and increased morbidity and mortality. The RITAZAREM 
trial compared the efficacy of repeat- dose rituximab 
to daily oral azathioprine for prevention of relapse in 
patients with relapsing AAV in whom remission was 
reinduced with rituximab.
Methods RITAZAREM was an international randomised 
controlled, open- label, superiority trial that recruited 188 
patients at the time of an AAV relapse from 29 centres 
in seven countries between April 2013 and November 
2016. All patients received rituximab and glucocorticoids 
to reinduce remission. Patients achieving remission 
by 4 months were randomised to receive rituximab 
intravenously (1000 mg every 4 months, through month 
20) (85 patients) or azathioprine (2 mg/kg/day, tapered 
after month 24) (85 patients) and followed for a 
minimum of 36 months. The primary outcome was time 
to disease relapse (either major or minor relapse).
Results Rituximab was superior to azathioprine in 
preventing relapse: HR 0.41; 95% CI 0.27 to 0.61, 
p<0.001. 19/85 (22%) patients in the rituximab group 
and 31/85 (36%) in the azathioprine group experienced 
at least one serious adverse event during the 
treatment period. There were no differences in rates of 
hypogammaglobulinaemia or infection between groups.
Conclusions Following induction of remission with 
rituximab, fixed- interval, repeat- dose rituximab was 
superior to azathioprine for preventing disease relapse in 
patients with AAV with a prior history of relapse.
Trial registration number NCT01697267;  
ClinicalTrials. gov identifier

BACKGROUND
Granulomatosis with polyangiitis (GPA) and micro-
scopic polyangiitis (MPA) are the major subgroups 
of anti- neutrophil cytoplasmic antibody (ANCA)- 
associated vasculitis (AAV).1 Untreated, AAV has 
a mortality of 93% within 2 years, primarily due 
to renal and respiratory failure.2 The introduc-
tion of glucocorticoids and cyclophosphamide 
improved survival, inducing remission at 1 year in 
80% of patients. B- lymphocytes contribute to the 
pathogenesis of AAV and rituximab is an effective 
therapy for induction of remission and is superior 

WHAT IS ALREADY KNOWN ON THIS TOPIC?
 ⇒ Rituximab is superior to azathioprine for 
the prevention of major relapse following 
cyclophosphamide induction therapy in anti- 
neutrophil cytoplasmic antibody- associated 
vasculitis (AAV).

WHAT THIS STUDY ADDS?
 ⇒ These data confirm the place of rituximab as 
the standard of care for maintenance therapy. 
But, despite a higher dose rituximab regimen, 
relapses still occurred during treatment, and 
there was an increased risk of relapse after 
stopping rituximab.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY?

 ⇒ The ongoing relapse risk together with 
associated safety concerns of extended 
rituximab therapy illustrate the need for newer 
therapeutic agents in AAV.
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BACKGROUND
The combination of cyclophosphamide and glucocorticoids leads to remission in most 
patients with antineutrophil cytoplasm antibody (ANCA)–associated vasculitides. How-
ever, even when patients receive maintenance treatment with azathioprine or meth-
otrexate, the relapse rate remains high. Rituximab may help to maintain remission.

METHODS
Patients with newly diagnosed or relapsing granulomatosis with polyangiitis, mi-
croscopic polyangiitis, or renal-limited ANCA-associated vasculitis in complete 
remission after a cyclophosphamide–glucocorticoid regimen were randomly as-
signed to receive either 500 mg of rituximab on days 0 and 14 and at months 6, 
12, and 18 after study entry or daily azathioprine until month 22. The primary end 
point at month 28 was the rate of major relapse (the reappearance of disease activ-
ity or worsening, with a Birmingham Vasculitis Activity Score >0, and involvement 
of one or more major organs, disease-related life-threatening events, or both).

RESULTS
The 115 enrolled patients (87 with granulomatosis with polyangiitis, 23 with mi-
croscopic polyangiitis, and 5 with renal-limited ANCA-associated vasculitis) re-
ceived azathioprine (58 patients) or rituximab (57 patients). At month 28, major 
relapse had occurred in 17 patients in the azathioprine group (29%) and in 3 pa-
tients in the rituximab group (5%) (hazard ratio for relapse, 6.61; 95% confidence 
interval, 1.56 to 27.96; P = 0.002). The frequencies of severe adverse events were 
similar in the two groups. Twenty-five patients in each group (P = 0.92) had severe 
adverse events; there were 44 events in the azathioprine group and 45 in the ritux-
imab group. Eight patients in the azathioprine group and 11 in the rituximab 
group had severe infections, and cancer developed in 2 patients in the azathioprine 
group and 1 in the rituximab group. Two patients in the azathioprine group died 
(1 from sepsis and 1 from pancreatic cancer).

CONCLUSIONS
More patients with ANCA-associated vasculitides had sustained remission at month 
28 with rituximab than with azathioprine. (Funded by the French Ministry of Health; 
MAINRITSAN ClinicalTrials.gov number, NCT00748644; EudraCT number, 
2008-002846-51.)

a bs tr ac t

Rituximab versus Azathioprine for Maintenance  
in ANCA-Associated Vasculitis

L. Guillevin, C. Pagnoux, A. Karras, C. Khouatra, O. Aumaître, P. Cohen, F. Maurier, O. Decaux, J. Ninet, P. Gobert, 
T. Quémeneur, C. Blanchard-Delaunay, P. Godmer, X. Puéchal, P.-L. Carron, P.-Y. Hatron, N. Limal, M. Hamidou, 
M. Ducret, E. Daugas, T. Papo, B. Bonnotte, A. Mahr, P. Ravaud, and L. Mouthon, for the French Vasculitis Study Group*
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新規発症もしくは再燃したGPA, MPA, 腎
限局型AAVに対してGC+IVCYで完全寛解
を達成した患者

RTX 500mg day0, 14 → 6, 12, 18か⽉⽬

AZA 2mg/kgを12か⽉ → 1.5mg/kgを6か⽉
→ 1mg/kgを4か⽉

28か⽉時点でのmajor relapse rate

n engl j med 371;19 nejm.org November 6, 2014 1777

Rituximab vs. Azathioprine for Vasculitis

condition seen in most of the study population. 
Our data also show that successive 500-mg infu-
sions of rituximab, given every 6 months up to 
month 18 after remission, were not associated with 
more frequent severe adverse events than aza-
thioprine.

Although previous studies of ANCA-associated 
vasculitides identified effective remission-induc-
tion treatments,6,16-18 the best strategy for main-
taining remission has been unclear. The present 
trial was designed to investigate, in patients in 
remission, the efficacy and safety of systematic 
rituximab infusions for maintenance, with a 
500-mg infusion on days 0 and 14 and then ev-
ery 6 months. The 6-month interval between in-
fusions was chosen somewhat arbitrarily but was 
based on reported B-cell reconstitution and re-
lapses after a median of 1 year (range, 4 to 37 
months for the latter) in early studies of patients 
given rituximab for induction.11,19 The 500-mg 
rituximab dose is lower than that used for induc-
tion or maintenance of remission in other condi-
tions, such as rheumatoid arthritis. We opted for 
this dose because enrolled patients were in re-
mission — that is, already B-cell–depleted — 
and with the aim of limiting the risk of infection. 
We previously treated several patients with the 
low-dose regimen used in the present study.20 The 
results of several recent studies of other autoim-
mune diseases have also suggested that lower 
rituximab doses, as compared with the higher 
ones considered to be conventional, could achieve 
similar efficacy.21-24

Our trial has several strengths. It was designed 
as a superiority trial to determine whether an 
expensive therapeutic option (rituximab) would 
provide a clear advantage over a less costly but not 
entirely satisfactory option in terms of efficacy and 
relapse prevention. The 29% rate of major relapse 
in the azathioprine group was lower than that 
predicted in our primary hypothesis (40%), which 
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Figure 2. Kaplan–Meier Curves for the Probability  
of Remaining Free of Relapse According to Treatment 
Group.

Patients were randomly assigned to receive mainte-
nance therapy with rituximab (500 mg on days 0 and 
14 and then months 6, 12, and 18 after the first infu-
sion [arrows]) or azathioprine (2 mg per kilogram per 
day from month 0 to 12, 1.5 mg per kilogram per day 
until month 18, then 1 mg per kilogram per day until 
the last day of month 22 [horizontal gray bars]). Panel 
A shows the probability of remaining free of major re-
lapse after randomization. The hazard ratio for major 
relapse for patients in the azathioprine group, as com-
pared with rituximab recipients, was 6.61 (95% CI, 
1.56 to 27.96; P = 0.002). Panel B shows the probability 
of remaining free of major or minor relapse after ran-
domization. The hazard ratio for major or minor re-
lapse in patients in the azathioprine group, as com-
pared with rituximab recipients, was 3.53 (95% CI, 
1.49 to 8.40; P = 0.01).
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condition seen in most of the study population. 
Our data also show that successive 500-mg infu-
sions of rituximab, given every 6 months up to 
month 18 after remission, were not associated with 
more frequent severe adverse events than aza-
thioprine.

Although previous studies of ANCA-associated 
vasculitides identified effective remission-induc-
tion treatments,6,16-18 the best strategy for main-
taining remission has been unclear. The present 
trial was designed to investigate, in patients in 
remission, the efficacy and safety of systematic 
rituximab infusions for maintenance, with a 
500-mg infusion on days 0 and 14 and then ev-
ery 6 months. The 6-month interval between in-
fusions was chosen somewhat arbitrarily but was 
based on reported B-cell reconstitution and re-
lapses after a median of 1 year (range, 4 to 37 
months for the latter) in early studies of patients 
given rituximab for induction.11,19 The 500-mg 
rituximab dose is lower than that used for induc-
tion or maintenance of remission in other condi-
tions, such as rheumatoid arthritis. We opted for 
this dose because enrolled patients were in re-
mission — that is, already B-cell–depleted — 
and with the aim of limiting the risk of infection. 
We previously treated several patients with the 
low-dose regimen used in the present study.20 The 
results of several recent studies of other autoim-
mune diseases have also suggested that lower 
rituximab doses, as compared with the higher 
ones considered to be conventional, could achieve 
similar efficacy.21-24

Our trial has several strengths. It was designed 
as a superiority trial to determine whether an 
expensive therapeutic option (rituximab) would 
provide a clear advantage over a less costly but not 
entirely satisfactory option in terms of efficacy and 
relapse prevention. The 29% rate of major relapse 
in the azathioprine group was lower than that 
predicted in our primary hypothesis (40%), which 
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Figure 2. Kaplan–Meier Curves for the Probability  
of Remaining Free of Relapse According to Treatment 
Group.

Patients were randomly assigned to receive mainte-
nance therapy with rituximab (500 mg on days 0 and 
14 and then months 6, 12, and 18 after the first infu-
sion [arrows]) or azathioprine (2 mg per kilogram per 
day from month 0 to 12, 1.5 mg per kilogram per day 
until month 18, then 1 mg per kilogram per day until 
the last day of month 22 [horizontal gray bars]). Panel 
A shows the probability of remaining free of major re-
lapse after randomization. The hazard ratio for major 
relapse for patients in the azathioprine group, as com-
pared with rituximab recipients, was 6.61 (95% CI, 
1.56 to 27.96; P = 0.002). Panel B shows the probability 
of remaining free of major or minor relapse after ran-
domization. The hazard ratio for major or minor re-
lapse in patients in the azathioprine group, as com-
pared with rituximab recipients, was 3.53 (95% CI, 
1.49 to 8.40; P = 0.01).
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I

C

O

GPA 87名, MPA 23名, 
腎限局型 5名が参加し、
RTX 58名, AZA 57名に
割り付けられた。

28か⽉時点でのmajor 
relapseはRTX 5%, AZA 
29%と、RTXで有意な
再燃予防効果を認めた。

MAINRITSAN1



Ann Rheum Dis 2018;77:1143-1149.

新規発症もしくは再燃したGPA, MPAに対
してGC+IVCY or RTX or MTXで完全寛解を
達成した患者

ANCA titerとCD19陽性B細胞数に応じた*
個別調整型のRTX投与 (“individually 
tailored” regimen)

定期的なRTX投与 (500mg day0, 14 → 6, 12, 
18か⽉⽬) (fixed-schedule” regimen)

28か⽉時点での再燃数

P

I

C

O

GPA 117名, MPA 45名が参加。
・Tailored regimen 81名
・Fixed-schedule regimen 81名

MAINRITSAN2

  1Charles P, et al. Ann Rheum Dis 2018;0:1–7. doi:10.1136/annrheumdis-2017-212878
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EXTENDED REPORT

Comparison of individually tailored versus fixed-
schedule rituximab regimen to maintain ANCA-
associated vasculitis remission: results of a 
multicentre, randomised controlled, phase III 
trial (MAINRITSAN2)
Pierre Charles,1,2 Benjamin Terrier,1 Élodie Perrodeau,3 Pascal Cohen,1 
Stanislas Faguer,4 Antoine Huart,4 Mohamed Hamidou,5 Christian Agard,5 
Bernard Bonnotte,6 Maxime Samson,6 Alexandre Karras,7 Noémie Jourde-Chiche,8 
François Lifermann,9 Pierre Gobert,10 Catherine Hanrotel-Saliou,11 Pascal Godmer,12 
Nicolas Martin-Silva,13 Grégory Pugnet,14 Marie Matignon,15 Olivier Aumaitre,16 
Jean-François Viallard,17 François Maurier,18 Nadine Meaux-Ruault,19 Sophie Rivière,20 
Jean Sibilia,21 Xavier Puéchal,1 Philippe Ravaud,3 Luc Mouthon,1 Loïc Guillevin,1 for 
the French Vasculitis Study Group

ABSTRACT
Objective To compare individually tailored, based 
on trimestrial biological parameter monitoring, to 
fixed-schedule rituximab reinfusion for remission 
maintenance of antineutrophil cytoplasm antibody 
(ANCA)-associated vasculitides (AAVs).
Methods Patients with newly diagnosed or 
relapsing granulomatosis with polyangiitis (GPA) or 
microscopic polyangiitis (MPA) in complete remission 
after induction therapy were included in an open-
label, multicentre, randomised controlled trial. All 
tailored-arm patients received a 500 mg rituximab 
infusion at randomisation, with rituximab reinfusion 
only when CD19+B lymphocytes or ANCA had 
reappeared or ANCA titre rose markedly based on 
trimestrial testing until month 18. Controls received 
a fixed 500 mg rituximab infusion on days 0 and 14 
postrandomisation, then 6, 12 and 18 months after the 
first infusion. The primary endpoint was the number of 
relapses (new or reappearing symptom(s) or worsening 
disease with Birmingham Vasculitis Activity Score 
(BVAS)>0) at month 28 evaluated by an independent 
Adjudication Committee blinded to treatment group.
Results Among the 162 patients (mean age: 60 
years; 42% women) included, 117 (72.2%) had GPA 
and 45 (27.8%) had MPA. Preinclusion induction 
therapy included cyclophosphamide for 100 (61.7%), 
rituximab for 61 (37.6%) and methotrexate for 1 
(0.6%). At month 28, 21 patients had suffered 22 
relapses: 14/81 (17.3%) in 13 tailored-infusion 
recipients and 8/81 (9.9%) in 8 fixed-schedule patients 
(p=0.22). The tailored-infusion versus fixed-schedule 
group, respectively, received 248 vs 381 infusions, with 
medians (IQR) of 3 (2–4) vs 5 (5–5) administrations.
Conclusion AAV relapse rates did not differ 
significantly between individually tailored and fixed-
schedule rituximab regimens. Individually tailored-arm 
patients received fewer rituximab infusions.
Trial registration number NCT01731561; Results.

INTRODUCTION
Standard induction-remission treatment of anti-

neutrophil cytoplasm antibody (ANCA)-associated 

vasculitides (AAVs) combines glucocorticoids and 

cyclophosphamide or rituximab, a chimeric murine/

human monoclonal IgG1 antibody directed against 

CD20, a specific B-cell antigen.
1
 Rituximab was 

shown to be non-inferior to cyclophosphamide.
2 3

 

Remission maintenance with immunosuppressants, 

for example, azathioprine or methotrexate, is the 

conventional therapeutic approach.
4
 MAINRIT-

SAN-trial results demonstrated rituximab superi-

ority (500 mg on days 0 and 14, then at months 6, 

12 and 18) to azathioprine to maintain remission.
5
 

In that trial, at month 28, only 5% of rituximab 

recipients versus 29% taking azathioprine had 

experienced a major relapse.

Neither ANCA-positivity nor ANCA-titre change 

on conventional immunosuppressants is considered 

a reliable relapse predictor.
6–8

 Nevertheless, ANCA 

reappearance or titre increase, mainly anti-pro-

teinase-3 (PR3), in patients in remission is frequently 

associated with relapses,
7
 especially those given ritux-

imab.
9
 ANCA parameters are not recommended 

for monitoring treatment
1 10

 and circulating B-cell 

detection is not a good predictor of AAV relapse.
11

 

However, when B cells are undetectable and ANCA 

remain negative, relapses are rare.
11

The present trial, MAINRITSAN2, was undertaken 

to evaluate ANCA and circulating CD19+ B cells as 

indicators to reinfuse rituximab to maintain remis-

sion. To do so, an individually tailored rituximab 

regimen, adapted to ANCA-positivity or ANCA-titre 

change and/or circulating CD19+ B cell repopula-

tion, was compared with fixed-schedule rituximab 

infusions, previously shown to maintain remission
5
 in 

patients with granulomatosis with polyangiitis (GPA) 

or microscopic polyangiitis (MPA), who were in 

complete remission at the time of inclusion.
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with MPA; 12 were anti-PR3 and 3 were anti-MPO ANCA-pos-
itive, 2 were ANCA-positive of unknown specificity and 4 were 
ANCA-negative. Two relapses (one in each arm) occurred after 
month 28 and were censured from the main analysis.

Secondary endpoints
Relapses
Comparing tailored versus fixed-schedule rituximab infusions, 
respectively: relapse-free survival rates were 83.8% (95% CI 76.1% 
to 92.3%) vs 86.4% (95% CI 79.2 to 94.2) (p=0.58) (figure 2) and 
major relapses occurred in 6 (7.4%) vs 3 (3.7%) patients (p=0.23). 
The six major relapses in the tailored-infusion arm manifested 
as two renal flares, two peripheral neuropathies, one pulmonary 
nodule and one pachymeningitis with orbital mass. To treat those 
relapses, two patients received cyclophosphamide and four ritux-
imab. The three major relapses in the control arm (renal flare, 
myopericarditis with pulmonary infiltrates or subglottic stenosis) 
were treated with rituximab. All relapses are described in detail in 
online supplementary tables S1 and S2.

Damage
VDIs (mean ±SD) for the tailored and fixed-schedule ritux-
imab-infusion arms, respectively, were 1.64±1.41 and 1.86±1.70 
at inclusion and 1.99±1.57 and 2.09±1.97 at 28 months.

The damage-accrual difference between the two arms was 
0.14 (95% CI –0.07 to 0.35) (p=0.179), using a constrained 
longitudinal data-analysis model (unplanned analysis required 
by reviewers).

ANCA-cell and B-cell-repopulation-related AAV relapses
ANCA and circulating CD19+ B cell determinations and 
their evolutions were available for 161 patients (one relapsing 
patient’s data were missing). Five ANCA-evolution profiles were 
identified (table 2); none was associated with relapses. At month 
28, 46/76 (60.5%) tailored-infusion recipients were ANCA-pos-
itive vs 26/71 (36.6%) fixed-schedule patients (p=0.06). In addi-
tion, circulating B cells were not detected in 10 (45.4%) patients 
who relapsed and 4 (18.2%) were ANCA-cell-negative and 
B-cell-negative. All relapses, including the two censured, were 
analysed.

Cumulated glucocorticoid dose and duration
Glucocorticoid doses and durations since inclusion did not 
differ significantly between the two arms. For tailored-infusion 
versus fixed-schedule regimen, respectively, cumulated glucocor-
ticoid doses (mean ±SD) were 4915±2613 vs 4850±2444 mg 
(p=0.71) and treatment lasted 25.3 (95% CI 23.9 to 26.6) vs 
24.5 (95% CI 22.8 to 36.3) months (p=0.52).

Patients’ diaries were collected at each visit (online supple-
mentary table S3).

Twenty-five patients stopped glucocorticoids during the study; 
that discontinuation was not associated with relapses (online 
supplementary figure S1).

Rituximab infusions
The tailored-infusion versus fixed-schedule groups, respectively, 
received 248 vs 381 infusions, with medians (IQR) of 3 (2–4) 
vs 5 (5–5) administrations. Four (4.9%), 23 (28.4%), 30 (37%), 
15 (18.5%), 6 (7.4%), 2 (2.5%) or 1 (1.2%) tailored-regimen 
patients received, respectively, 1, 2, 3, 4, 5, 6 or 7 rituximab 
infusions, at a median between-infusion interval of 6.1 (IQR: 

Table 1 General characteristics at inclusion

Characteristic

Rituximab infusions

Individually 
tailored (n=81)

Fixed-schedule 
(n=81)

Age, means±SD, years 62±14 59±13

Female sex, n (%) 31 (38.3) 37 (45.7)

Vasculitis type, n (%)

   GPA 56 (69.1) 61 (75.3)

   MPA 25 (30.9) 20 (24.7)

Disease status, n (%)

   Newly diagnosed 53 (65.4) 51 (63.0)

   Relapsing 28 (34.6) 30 (37.0)

Induction treatment of last disease flare, n (%)

   Cyclophosphamide 52 (64.2) 49 (60.5)

   Rituximab 28 (34.6) 32 (39.5)

   Methotrexate 1 (1.2) 0 (0.0)

Prednisone dose (mg); median (IQR) 10 (10–15)] 12 (10–17.3)

Organ involvement at last flare, n (%)

   Ear, nose and throat 46 (56.8) 39 (48.1)

   Pulmonary 50 (61.7) 44 (54.3)

   Renal 60 (74.1) 56 (69.1)

GFR, mean±SD, mL/min/1.73 m2 at inclusion 55.6±27.3 58.9±27.0

ANCA-positive at diagnosis, n (%)* 74/77 (96.1) 72/79 (91.1)

   Indirect immunofluorescence 68/77 (88.3) 6579 (82.3)

   ELISA 64/77 (83.1) 61/79 (77.2)

     Anti-PR3 38/77 (49.4) 38/79 (48.1)

     Anti-MPO 26/77 (33.8) 24/79 (30.4)

ANCA-positive at inclusion, n (%)† 45/80 (56.3) 58/80 (72.5)

   Indirect immunofluorescence 40/80 (50) 54/80 (67.5)

   ELISA 28 (35) 43 (53.7)

     Anti-PR3 18 (22.5) 21 (26.2)

     Anti-MPO 10 (12.5) 23 (28.7)

*Data were missing for four individually tailored-infusion and two fixed-schedule-infusion 
patients.
†Data were missing for one patient in each group.
ANCA, antineutrophil cytoplasm antibodies; GFR, glomerular filtration rate; GPA, 
granulomatosis with polyangiitis; MPA, microscopic polyangiitis; MPO, myeloperoxidase.; 
PR3, proteinase-3.

Figure 2 Relapse-free Kaplan-Meier curves according to treatment 
group. RTX, rituximab.
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*CD19陽性B細胞出現もしくはANCA上昇時に
RTX 500mgを投与

28か⽉時点での再燃
・Tailored regimen 14/81 (17.3%)
・Fixed-schedule regimen 8/81 (9.9%) 
→ 両者で差は⾒られなかった。



Ann Intern Med 2020;173:179-187.

MAINRITSAN2で試験終了まで寛解を維持
できた患者

RTX 500mg 0, 6, 12, 18か⽉⽬に投与

PBOを投与

MAINRITSAN3に組み⼊れてから28か⽉
時点での無再燃率

P

I

C

O

MAINRITSAN3

Long-TermRituximabUse toMaintain Remission of Antineutrophil
Cytoplasmic Antibody–Associated Vasculitis
A Randomized Trial
Pierre Charles, MD; Élodie Perrodeau, MSc; Maxime Samson, MD, PhD; Bernard Bonnotte, MD, PhD; Antoine Néel, MD, PhD;
Christian Agard, MD, PhD; Antoine Huart, MD; Alexandre Karras, MD, PhD; François Lifermann, MD; Pascal Godmer, MD;
Pascal Cohen, MD; Catherine Hanrotel-Saliou, MD; Nicolas Martin-Silva, MD; Grégory Pugnet, MD, PhD; François Maurier, MD;
Jean Sibilia, MD, PhD; Pierre-Louis Carron, MD; Pierre Gobert, MD; Nadine Meaux-Ruault, MD; Thomas Le Gallou, MD;
Stéphane Vinzio, MD; Jean-François Viallard, MD, PhD; Eric Hachulla, MD, PhD; Christine Vinter, MD; Xavier Puéchal, MD, PhD;
Benjamin Terrier, MD, PhD; Philippe Ravaud, MD, PhD; Luc Mouthon, MD, PhD; and Loı̈c Guillevin, MD; for the French Vasculitis
Study Group*

Background: Biannual rituximab infusions over 18 months ef-
fectively maintain remission after a “standard” remission induc-
tion regimen for patients with antineutrophil cytoplasmic
antibody–associated vasculitis (AAV).

Objective: To evaluate the efficacy of prolonged rituximab ther-
apy in preventing AAV relapses in patients with granulomatosis
with polyangiitis (GPA) or microscopic polyangiitis (MPA) who
have achieved complete remission after completing an 18-
month maintenance regimen.

Design: Randomized controlled trial. (ClinicalTrials.gov:
NCT02433522)

Setting: 39 clinical centers in France.

Patients: 68 patients with GPA and 29 with MPA who achieved
complete remission after the first phase of maintenance therapy.

Intervention: Rituximab or placebo infusion every 6 months for
18 months (4 infusions).

Measurements: The primary end point was relapse-free sur-
vival at month 28. Relapse was defined as new or reappearing
symptoms or worsening disease, with a Birmingham Vasculitis
Activity Score greater than 0.

Results: FromMarch 2015 to April 2016, 97 patients (mean age,
63.9 years; 35% women) were randomly assigned, 50 to the
rituximab and 47 to the placebo group. Relapse-free survival es-

timates at month 28 were 96% (95% CI, 91% to 100%) and 74%
(CI, 63% to 88%) in the rituximab and placebo groups, respec-
tively, an absolute difference of 22% (CI, 9% to 36%) with a haz-
ard ratio of 7.5 (CI, 1.67 to 33.7) (P = 0.008). Major relapse–free
survival estimates at month 28 were 100% (CI, 93% to 100%)
versus 87% (CI, 78% to 97%) (P = 0.009), respectively. At least 1
serious adverse event developed in 12 patients (24%) in the
rituximab group (with 9 infectious serious adverse events occur-
ring among 6 patients [12%]) versus 14 patients (30%) in the
placebo group (with 6 infectious serious adverse events devel-
oping among 4 patients [9%]). No deaths occurred in either
group.

Limitation: Potential selection bias based on previous rituximab
response and tolerance.

Conclusion: Extended therapy with biannual rituximab infusions
over 18 months was associated with a lower incidence of AAV
relapse compared with standard maintenance therapy.

Primary Funding Source: French Ministry of Health and
Hoffmann–La Roche.

Ann Intern Med. 2020;173:179-187. doi:10.7326/M19-3827 Annals.org
For author, article, and disclosure information, see end of text.
This article was published at Annals.org on 2 June 2020.
* Other investigators and members of the French Vasculitis Study Group
who participated in the study are listed in Supplement 1 (available at
Annals.org).

The prognosis of antineutrophil cytoplasmic anti-
body (ANCA)-associated vasculitis (AAV) has dra-

matically improved with the advent of glucocorticoid
treatment and immunosuppressant or rituximab induc-
tion therapy (1). Such regimens lead to remission in 53%
to 88% of patients with AAV (2, 3), but relapse rates re-
main high, making maintenance therapy necessary (4).

Prolonged therapy with azathioprine was once rec-
ommended to maintain AAV remission, because a ran-
domized trial showed lower relapse rates with long-term
azathioprine therapy compared with the standard-length
regimen (5). In 2014, the MAINRITSAN (Maintenance of
Remission Using Rituximab in Systemic ANCA-Associated
Vasculitis) trial reported the clear superiority of rituximab
over azathioprine in maintaining remission (6), which influ-
enced AAV treatment guidelines (7). The therapeutic
schedule of 500 mg of rituximab infused on days 0 and
14, then at months 6, 12, and 18, is now recommended

by the U.S. Food and Drug Administration and European
Medicines Agency to maintain AAV remission. However,
the MAINRITSAN trial showed that relapses after discon-
tinuation of rituximab treatment were frequent, with a
57.9% relapse-free survival rate 32 months after the last
rituximab infusion (8).

The MAINRITSAN3 trial was designed to evaluate
the efficacy of prolonging the rituximab infusion sched-
ule to maintain remission in patients who achieve com-
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plete remission after terminating the first phase of ritux-
imab maintenance therapy (9). Here, we report the
results of this new randomized controlled trial compar-
ing the effects of extended maintenance therapy with
rituximab versus placebo on prevention of AAV re-
lapses or death.

METHODS
Design Overview

MAINRITSAN3 was a multicenter, double-blind,
randomized controlled trial comparing prolonged
maintenance therapy with 500-mg rituximab infusions
given biannually over 18 months (4 infusions) with pla-
cebo (control) (Figure 1). Patients were randomly as-
signed to the 2 groups between March 2015 and April
2016, and follow-up of the last patient ended in August
2018. To be included in the study, patients must have
successfully completed the MAINRITSAN2 trial without
any major relapses and be in complete remission be-
fore being enrolled and reassigned to a group in the
MAINRITSAN3 trial.

The MAINRITSAN2 trial compared 2 rituximab infu-
sion strategies (all patients received rituximab) for
maintaining remission in patients with AAV: In the indi-
vidually tailored group, patients received a 500-mg
rituximab infusion on day 0 after randomization, with
reinfusion only if CD19+ B lymphocytes or ANCAs re-
appeared, or if the ANCA titer rose markedly. In the
control group, patients received a fixed 500-mg ritux-
imab infusion on day 0 after randomization, then at
months 6, 12, and 18. The primary end point was eval-
uated at month 28; at that time, participants' eligibility
for MAINRITSAN3 was determined.

Le Comité de Protection des Personnes (Île-de-
France 1 [Paris]) approved the study (EudraCT: 2012-
001963-66; Am6505-7-2988), which received legal,

monitoring, and administrative support from Assistance
Publique–Hôpitaux de Paris.

Setting and Participants
Patients were recruited from 39 French centers (ac-

ademic medical centers and community hospitals). Eli-
gible patients had granulomatosis with polyangiitis
(GPA) or microscopic polyangiitis (MPA), as defined by
the Chapel Hill Consensus Conference nomenclature
(10); must have completed the MAINRITSAN2 trial (9);
and must have been in complete remission at the time
of rerandomization.

Complete remission was defined as a Birmingham
Vasculitis Activity Score (BVAS; version 3) of 0 (score range, 0
to 63, with higher scores indicating more active disease)
(11). Patients who had a minor relapse treated only with
an increased glucocorticoid dose and who had achieved
remission at the end of the MAINRITSAN2 trial were eligi-
ble for inclusion in MAINRITSAN3. MAINRITSAN2 partici-
pants who had a major relapse were not eligible for
MAINRITSAN3. Complete inclusion and exclusion criteria
for MAINRITSAN2 are presented in Supplement 1. All pa-
tients provided written informed consent.

Randomization and Interventions
Patients were randomly assigned in a 1:1 ratio to

receive prolonged maintenance therapy with rituximab
or placebo. An independent statistician provided the
computer-generated, random-permuted, block ran-
domization sequence, stratified by MAINRITSAN2 ran-
domization group (individually tailored or systematic)
and whether AAV was newly diagnosed or relapsing
(that is, relapsed at least once since first remission) at
the time of MAINRITSAN2 enrollment. Randomization
was centralized through the electronic case report form
to ensure allocation concealment.

Figure 1. Synopsis of MAINRITSAN2 and MAINRITSAN3.

Individually tailored rituximab infusions
M0 M6 M12 M18

M0 M6 M12 M18

M28

M28

Rituximab infusions(median total dose: 1.5 g)

(median total dose: 2.5 g)

AAV in complete
remission

Systematic rituximab infusions Placebo

MAINRITSAN2 MAINRITSAN3

R1 R2

The primary end point of MAINRITSAN2 was evaluated after 28 mo of follow-up. At that time, eligible patients were randomly assigned again to
MAINRITSAN3 treatment groups and evaluated 28 mo later. In MAINRITSAN2, patients in the individually tailored rituximab group received a
500-mg infusion at M0 and subsequent infusions according to laboratory values (ANCA and circulating CD19+ B cells) assessed every 3 mo until
M18. Those in the systematic treatment group received a 500-mg infusion on days 0 and 14, then at M6, M12, and M18. In MAINRITSAN3,
participants received infusions (500 mg of rituximab or placebo) at inclusion, M6, M12, and M18. AAV = ANCA-associated vasculitis; ANCA =
antineutrophil cytoplasmic antibody; M = month; MAINRITSAN = Maintenance of Remission Using Rituximab in Systemic ANCA-Associated Vascu-
litis; R = randomization.
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tients, who had MPA and antimyeloperoxidase (anti-
MPO) ANCAs, developed febrile neutropenia 3 months
after randomization and rituximab infusion, discontin-
ued treatment, and had a relapse at month 14. The
other patient, who had GPA and anti–proteinase-3
(PR3) ANCAs, had a relapse at month 7, 1 month after
the last rituximab infusion. Among the 12 patients in
the placebo group who had a relapse, 10 (83%) had
GPA and 2 (17%) had MPA, 6 were having their first
relapse, 10 had anti-PR3 positivity, and 2 had anti-MPO
ANCA positivity. During MAINRITSAN2, 5 of the 12 pa-
tients received individually tailored rituximab infusions
and 7 received systematic infusions. Median time to re-

lapse in the placebo group was 22 months (IQR, 20 to
23 months) after the last MAINRITSAN2 rituximab infu-
sion. Relapses are described in detail in Tables 1 and 2
of Supplement 1 (available at Annals.org).

Secondary End Points
Major andMinor Relapses

Major relapse–free survival was 100% (CI, 93% to
100%) in the rituximab group versus 87% (CI, 78% to 97%)
in the placebo group (P = 0.009) (Figure 3, bottom). Six
patients in the placebo group had major relapses: 3 renal
and 3 pulmonary flares (alveolar hemorrhage, bronchial
stenosis, or nodules). All patients received a new induc-
tion regimen with high-dose glucocorticoids and ritux-
imab, and all subsequently achieved remission. One pa-
tient had permanently impaired renal function but did not
require extrarenal dialysis.

Minor relapse–free survival was 96% (CI, 91% to
100%) in the rituximab group versus 87% (CI, 78% to
97%) in the placebo group (P = 0.134).

Damage and Quality of Life
Mean Vasculitis Damage Index scores for the ritux-

imab and placebo groups, respectively, were 2.2 (SD,
1.9) and 1.6 (SD, 1.6) at inclusion and 2.2 (SD, 1.8) and
1.7 (SD, 1.6) at month 28. The 2 groups did not differ
significantly at the end of the trial (difference in mean
change from baseline, 0.00 [CI, !0.12 to 0.11]; P =
0.95). Quality-of-life outcomes also did not differ signif-
icantly over the course of the study between the 2
groups (Tables 3 to 5 of Supplement 1, available at
Annals.org).

AAV Relapses Related to ANCA and B-Cell
Repopulation

Five ANCA evolution profiles were identified (Table
6 of Supplement 1, available at Annals.org). At month
28, 14 of 47 patients (30%) in the rituximab group had
ANCA positivity, versus 24 of 43 patients (56%) in the
placebo group (P = 0.057). Of note, the ANCA evolu-
tion pattern of “negative at inclusion but becoming
positive” seemed to be associated with AAV flares: It
was observed in 50% of patients who had a relapse
versus 15% of those who did not. Only 1 patient with
persistent ANCA negativity had a relapse. No patients
with ANCA and CD19+ B-cell negativity had a relapse.
In the placebo group, 10 of 25 patients (40%) with PR3
ANCA positivity had a relapse, versus 2 of 17 patients
(12%) with MPO ANCA positivity.

Glucocorticoid Use
Cumulative mean glucocorticoid doses after ran-

domization did not differ significantly between the
rituximab (2565 mg [SD, 2932]) and placebo (3376 mg
[SD, 3371]) groups (P = 0.22). At the end of the trial, 19
of 49 patients (39%) in the rituximab group were still
receiving glucocorticoids, versus 23 of 46 patients
(50%) in the placebo group (data are missing for 2 pa-
tients, 1 in each group, who were not receiving gluco-
corticoids at their last visit). For patients in the rituximab

Figure 3. Kaplan–Meier estimates of relapse-free survival
(top) and major relapse–free survival (bottom), according
to treatment group.
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RTX継続群が有意に寛解維持率が⾼かった



⽬的

RTXで再寛解導⼊された再燃性AAV患者で、
RTXがAZAよりも再燃予防効果に優れてい
るかを評価すること



研究デザイン

7か国29施設で実施された
オープンラベルの⾮盲検RCT



RITAZAREM試験は3つのフェイズに分かれている

1. Induction phase

2. Maintenance phase

3. Follow-up phase



Induction phase - 組み⼊れから4か⽉ -

• 寛解導⼊療法はRTX (375mg/m2/weekを
計4回) と内服PSL 1.0mg/kg/d (high 
dose) もしくは0.5mg/kg/d (low dose)

• High doseかlow doseかは主治医の裁量
で選択。

• どちらも4か⽉までに10mg/d以下に減量
する。

 

eTable 1: Glucocorticoid dosing regimens used in the RITAZAREM trial 

 Induction Schedule A 

(Prednisone/prednisolone 1 mg/kg group) 

Induction Schedule B 

Prednisone/prednisolone 0.5 mg/kg group 

Time <60 kg ≥60 kg <60 kg ≥60 kg 

Week 0 50 60 25 30 

Week 2 35 45 20 25 

Week 4 25 35 17.5 20 

Week 6 20 25 15 17.5 

Week 8 15 17.5 12.5 15 

Week 10 12.5 12.5 

Week 12 10 10 

  

Maintenance Schedule: Daily prednisone/prednisolone dose (mg) 

Week 16 
(randomization) 

10 

Week 18 7.5 

Week 22 5 

Month 16 2.5 

Month 20 0 

 

 

  

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Ann Rheum Dis

 doi: 10.1136/ard-2022-223559–8.:10 2023;Ann Rheum Dis, et al. Smith RM



• Induction phaseで寛解を達成した患者を、
RTX群とAZA群にランダムに割り付け

•寛解はBVAS/WG≦1かつPSL≦10mg/dと定義

Maintenance phase - 4〜24か⽉ -



Figure 1. Evaluation form for the Birmingham Vasculitis Activity Score for Wegener’s Granulomatosis (BVAS/WG).
RBC ! red blood cell; hpf ! high-power field.

914 STONE ET AL

Arthritis Rheum 2001;44:912-20.



•ここはoff-treatment phase

•Maintenance phaseを完遂 (組み⼊れから
24か⽉) してから、追加で12-24か⽉フォ
ローされた

Follow-up phase - 24〜36-48か⽉ -



患者

•CHCC2012によってGPAもしくはMPAと診断され、
PR3-ANCAもしくはMPO-ANCA陽性である15歳以上
の患者
•全ての患者は再燃を経験していた
•再燃とは、寛解達成後にBVAS/WGで主項⽬1つもし
くは副項⽬3つを満たしたもの、と定義



ランダム化とマスキング

•オープンラベルの⾮盲検試験
• 4か⽉までに寛解を達成した患者はRTX群とAZA群に

1:1で割り付け
•ランダム化時点で以下の項⽬によって層別化

- ANCA type: PR3-ANCAかMPO-ANCAか
- 再燃: 重症か⾮重症か
- GCレジメン: high doseかlow doseか



Maintenance phaseでの介⼊
• RTX
RTX 1,000mgを4か⽉ごとに計5回投与 (4, 8, 12, 16, 20か⽉⽬)

• AZA
AZA 2mg/kg/dを24か⽉、その後1mg/kg/dに減量し、27か⽉時
点で終了。
AZA不耐の患者は、eGFR>50ならMTX 25mg/w, eGFR≦50なら
MMF 2g/dが投与。



Maintenance phaseでの介⼊

• GC
- 最初のminor relapseを経験した
患者はPSL 20mg/dに増量 → 6週
間かけて再燃前の⽤量にまで減量。

- 2回⽬のminor relapseもしくは初
回のmajor relapseの治療は主治医
の裁量に任された。

 

eTable 1: Glucocorticoid dosing regimens used in the RITAZAREM trial 

 Induction Schedule A 

(Prednisone/prednisolone 1 mg/kg group) 

Induction Schedule B 

Prednisone/prednisolone 0.5 mg/kg group 

Time <60 kg ≥60 kg <60 kg ≥60 kg 

Week 0 50 60 25 30 

Week 2 35 45 20 25 

Week 4 25 35 17.5 20 

Week 6 20 25 15 17.5 

Week 8 15 17.5 12.5 15 

Week 10 12.5 12.5 

Week 12 10 10 

  

Maintenance Schedule: Daily prednisone/prednisolone dose (mg) 

Week 16 
(randomization) 

10 

Week 18 7.5 

Week 22 5 

Month 16 2.5 

Month 20 0 
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アウトカム
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・major relapseまでの時間
・ダメージの蓄積
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統計学的解析

-サンプルサイズの計算

最低160名の患者がランダム化されるまで組み⼊れは継続。
このサンプルサイズは、58例の再燃が⾒られ5%の有意⽔準でHR 0.42
であるという代替仮説のもとで、90%の検出⼒を達成するという⽬標
に基づいて算出された。
これは24か⽉の脱落率を5%, 48か⽉後の無再燃率をRTX群で75%, 
AZA群で50%と仮定したものである。
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factors (ANCA type, relapse severity and prednisone induction 
regimen) for the difference in the distribution of relapse- free 
survival between the rituximab and azathioprine groups with a 
closed testing procedure. First, the null hypothesis was tested 
for a HR of 1 at all time points. If this was rejected at a 5% 
level, then two further subhypotheses were prespecified using 
time- varying covariates; up to 24 months and after 24 months. 

Hazard ratios and 95% CIs were reported. A p value less than 
5% was considered statistically significant.

Kaplan- Meier estimates for relapse- free survival at 24 and 48 
months and median relapse- free survival with the corresponding 
95% CIs by treatment allocation are also presented. Multivari-
able analysis was performed on risk factors for the develop-
ment of hypogammaglobulinaemia. Data were analysed using R 
V.3.6.1.

RESULTS
Patient demographics
One hundred and eighty- eight patients were enrolled and 
received induction therapy with rituximab and glucocorticoids.16 
170 (90%) were randomised at month 4 to rituximab (N=85) 
or azathioprine (N=85) treatment groups and were the study 
population for the current analysis (figure 1 and table 1). One- 
hundred and twenty- three (72%) had PR3- ANCA, and 47 (38%) 
had MPO- ANCA. One- hundred and six (62%) patients had at 
least one major disease activity item, and 48 (28%) received the 
high- dose glucocorticoid induction regimen. The disposition of 
the enrolled patients is detailed in figure 1.

Efficacy
Over the combined maintenance and follow- up phases, ritux-
imab was superior to azathioprine for the prevention of major or 
minor disease relapse: HR 0.41, 95% CI 0.27 to 0.61, p<0.001 
(figure 2). The HR during the maintenance phase was 0.35, 
95% CI 0.18 to 0.66, p=0.001, and during the follow- up phase 
was 0.45, 95% CI 0.26 to 0.78, p=0.004.

Thirty- eight of 85 (45%) patients in the rituximab group expe-
rienced 52 relapses, 11 major and 41 minor. Sixty of 85 (71%) 
patients in the azathioprine group experienced 89 relapses, 28 
major and 61 minor. The overall HR for major relapse was 
0.36, 95% CI 0.18 to 0.73, p=0.004. During the maintenance 
phase, 13/85 (15%) in the rituximab group relapsed compared 
with 32/85 (38%) in the azathioprine group. At month 24, the 

Table 1 Baseline demographics of randomised study population in 
the RITAZAREM trial

Total (N=170)
Rituximab 
(N=85)

Azathioprine 
(N=85)

Age, years: mean (SD) 57.8 (14.5) 57.1 (15.1) 58.6 (13.9)

Male, number (%) 84 (49%) 43 (51%) 41 (48%)

Race, number (%)

  White 155 (91%) 78 (92%) 77 (91%)

  Asian 10 (6%) 5 (6%) 5 (6%)

  Hispanic 3 (2%) 2 (2%) 1 (1%)

  Black 0 0 0

  Other 2 (1%) 0 2 (2%)

Disease duration, years: mean (SD) 7.16 (6.52) 7.38 (6.94) 6.93 (6.10)

Prior treatment with cyclophosphamide

  Number of patients (%) 133 (78%) 67 (79%) 66 (78%)

  Cumulative dose, grams (g): mean (SD) 25.7 (43.3) 24.4 (50.4) 26.9 (35.5)

Prior rituximab therapy

  Number of patients (%) 60 (35%) 33 (39%) 27 (32%)

  Cumulative dose, grams (g): mean (SD) 4.88 (3.24) 4.47 (2.95) 5.40 (3.57)

Glucocorticoid induction regimen

  1 mg/kg/day starting dose (1A) 48 (28%) 24 (28%) 24 (28%)

  0.5 mg/kg/day starting dose (1B) 122 (72%) 61 (72%) 61 (72%)

ANCA type

  Anti- proteinase 3 123 (72%) 61 (72%) 62 (73%)

  Anti- myeloperoxidase 47 (28%) 24 (28%) 23 (27%)

Relapse type on entry into trial

  Severe 106 (62%) 52 (61%) 54 (64%)

  Non- severe 64 (38%) 33 (39%) 31 (36%)

Figure 2 Probability of relapse- free survival: rituximab compared with azathioprine. Black arrows represent 1000 mg dose of rituximab. Dashed 
vertical line indicates end of maintenance treatment period and start of the follow- up period per protocol. Shaded areas represent 95% CIs.
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・平均年齢 約58歳
・90%以上が⽩⼈

・GCレジメン
High dose 28%
Low dose 72%

・ANCA
PR3-ANCA 72%
MPO-ANCA  28%

・重症度
Severe 62%
Non-severe  38%
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factors (ANCA type, relapse severity and prednisone induction 
regimen) for the difference in the distribution of relapse- free 
survival between the rituximab and azathioprine groups with a 
closed testing procedure. First, the null hypothesis was tested 
for a HR of 1 at all time points. If this was rejected at a 5% 
level, then two further subhypotheses were prespecified using 
time- varying covariates; up to 24 months and after 24 months. 

Hazard ratios and 95% CIs were reported. A p value less than 
5% was considered statistically significant.

Kaplan- Meier estimates for relapse- free survival at 24 and 48 
months and median relapse- free survival with the corresponding 
95% CIs by treatment allocation are also presented. Multivari-
able analysis was performed on risk factors for the develop-
ment of hypogammaglobulinaemia. Data were analysed using R 
V.3.6.1.

RESULTS
Patient demographics
One hundred and eighty- eight patients were enrolled and 
received induction therapy with rituximab and glucocorticoids.16 
170 (90%) were randomised at month 4 to rituximab (N=85) 
or azathioprine (N=85) treatment groups and were the study 
population for the current analysis (figure 1 and table 1). One- 
hundred and twenty- three (72%) had PR3- ANCA, and 47 (38%) 
had MPO- ANCA. One- hundred and six (62%) patients had at 
least one major disease activity item, and 48 (28%) received the 
high- dose glucocorticoid induction regimen. The disposition of 
the enrolled patients is detailed in figure 1.

Efficacy
Over the combined maintenance and follow- up phases, ritux-
imab was superior to azathioprine for the prevention of major or 
minor disease relapse: HR 0.41, 95% CI 0.27 to 0.61, p<0.001 
(figure 2). The HR during the maintenance phase was 0.35, 
95% CI 0.18 to 0.66, p=0.001, and during the follow- up phase 
was 0.45, 95% CI 0.26 to 0.78, p=0.004.

Thirty- eight of 85 (45%) patients in the rituximab group expe-
rienced 52 relapses, 11 major and 41 minor. Sixty of 85 (71%) 
patients in the azathioprine group experienced 89 relapses, 28 
major and 61 minor. The overall HR for major relapse was 
0.36, 95% CI 0.18 to 0.73, p=0.004. During the maintenance 
phase, 13/85 (15%) in the rituximab group relapsed compared 
with 32/85 (38%) in the azathioprine group. At month 24, the 

Table 1 Baseline demographics of randomised study population in 
the RITAZAREM trial

Total (N=170)
Rituximab 
(N=85)

Azathioprine 
(N=85)

Age, years: mean (SD) 57.8 (14.5) 57.1 (15.1) 58.6 (13.9)

Male, number (%) 84 (49%) 43 (51%) 41 (48%)

Race, number (%)

  White 155 (91%) 78 (92%) 77 (91%)

  Asian 10 (6%) 5 (6%) 5 (6%)

  Hispanic 3 (2%) 2 (2%) 1 (1%)

  Black 0 0 0

  Other 2 (1%) 0 2 (2%)

Disease duration, years: mean (SD) 7.16 (6.52) 7.38 (6.94) 6.93 (6.10)

Prior treatment with cyclophosphamide

  Number of patients (%) 133 (78%) 67 (79%) 66 (78%)

  Cumulative dose, grams (g): mean (SD) 25.7 (43.3) 24.4 (50.4) 26.9 (35.5)

Prior rituximab therapy

  Number of patients (%) 60 (35%) 33 (39%) 27 (32%)

  Cumulative dose, grams (g): mean (SD) 4.88 (3.24) 4.47 (2.95) 5.40 (3.57)

Glucocorticoid induction regimen

  1 mg/kg/day starting dose (1A) 48 (28%) 24 (28%) 24 (28%)

  0.5 mg/kg/day starting dose (1B) 122 (72%) 61 (72%) 61 (72%)

ANCA type

  Anti- proteinase 3 123 (72%) 61 (72%) 62 (73%)

  Anti- myeloperoxidase 47 (28%) 24 (28%) 23 (27%)

Relapse type on entry into trial

  Severe 106 (62%) 52 (61%) 54 (64%)

  Non- severe 64 (38%) 33 (39%) 31 (36%)

Figure 2 Probability of relapse- free survival: rituximab compared with azathioprine. Black arrows represent 1000 mg dose of rituximab. Dashed 
vertical line indicates end of maintenance treatment period and start of the follow- up period per protocol. Shaded areas represent 95% CIs.
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再燃予防に関して、RTXはAZAよりも優れていた
(HR 0.41, 95% CI 0.27 to 0.61, p<0.001)

38/85名 (45%) が
計52回の再燃を経験

60/85名 (71%) が
計89回の再燃を経験
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factors (ANCA type, relapse severity and prednisone induction 
regimen) for the difference in the distribution of relapse- free 
survival between the rituximab and azathioprine groups with a 
closed testing procedure. First, the null hypothesis was tested 
for a HR of 1 at all time points. If this was rejected at a 5% 
level, then two further subhypotheses were prespecified using 
time- varying covariates; up to 24 months and after 24 months. 

Hazard ratios and 95% CIs were reported. A p value less than 
5% was considered statistically significant.

Kaplan- Meier estimates for relapse- free survival at 24 and 48 
months and median relapse- free survival with the corresponding 
95% CIs by treatment allocation are also presented. Multivari-
able analysis was performed on risk factors for the develop-
ment of hypogammaglobulinaemia. Data were analysed using R 
V.3.6.1.

RESULTS
Patient demographics
One hundred and eighty- eight patients were enrolled and 
received induction therapy with rituximab and glucocorticoids.16 
170 (90%) were randomised at month 4 to rituximab (N=85) 
or azathioprine (N=85) treatment groups and were the study 
population for the current analysis (figure 1 and table 1). One- 
hundred and twenty- three (72%) had PR3- ANCA, and 47 (38%) 
had MPO- ANCA. One- hundred and six (62%) patients had at 
least one major disease activity item, and 48 (28%) received the 
high- dose glucocorticoid induction regimen. The disposition of 
the enrolled patients is detailed in figure 1.

Efficacy
Over the combined maintenance and follow- up phases, ritux-
imab was superior to azathioprine for the prevention of major or 
minor disease relapse: HR 0.41, 95% CI 0.27 to 0.61, p<0.001 
(figure 2). The HR during the maintenance phase was 0.35, 
95% CI 0.18 to 0.66, p=0.001, and during the follow- up phase 
was 0.45, 95% CI 0.26 to 0.78, p=0.004.

Thirty- eight of 85 (45%) patients in the rituximab group expe-
rienced 52 relapses, 11 major and 41 minor. Sixty of 85 (71%) 
patients in the azathioprine group experienced 89 relapses, 28 
major and 61 minor. The overall HR for major relapse was 
0.36, 95% CI 0.18 to 0.73, p=0.004. During the maintenance 
phase, 13/85 (15%) in the rituximab group relapsed compared 
with 32/85 (38%) in the azathioprine group. At month 24, the 

Table 1 Baseline demographics of randomised study population in 
the RITAZAREM trial

Total (N=170)
Rituximab 
(N=85)

Azathioprine 
(N=85)

Age, years: mean (SD) 57.8 (14.5) 57.1 (15.1) 58.6 (13.9)

Male, number (%) 84 (49%) 43 (51%) 41 (48%)

Race, number (%)

  White 155 (91%) 78 (92%) 77 (91%)

  Asian 10 (6%) 5 (6%) 5 (6%)

  Hispanic 3 (2%) 2 (2%) 1 (1%)

  Black 0 0 0

  Other 2 (1%) 0 2 (2%)

Disease duration, years: mean (SD) 7.16 (6.52) 7.38 (6.94) 6.93 (6.10)

Prior treatment with cyclophosphamide

  Number of patients (%) 133 (78%) 67 (79%) 66 (78%)

  Cumulative dose, grams (g): mean (SD) 25.7 (43.3) 24.4 (50.4) 26.9 (35.5)

Prior rituximab therapy

  Number of patients (%) 60 (35%) 33 (39%) 27 (32%)

  Cumulative dose, grams (g): mean (SD) 4.88 (3.24) 4.47 (2.95) 5.40 (3.57)

Glucocorticoid induction regimen

  1 mg/kg/day starting dose (1A) 48 (28%) 24 (28%) 24 (28%)

  0.5 mg/kg/day starting dose (1B) 122 (72%) 61 (72%) 61 (72%)

ANCA type

  Anti- proteinase 3 123 (72%) 61 (72%) 62 (73%)

  Anti- myeloperoxidase 47 (28%) 24 (28%) 23 (27%)

Relapse type on entry into trial

  Severe 106 (62%) 52 (61%) 54 (64%)

  Non- severe 64 (38%) 33 (39%) 31 (36%)

Figure 2 Probability of relapse- free survival: rituximab compared with azathioprine. Black arrows represent 1000 mg dose of rituximab. Dashed 
vertical line indicates end of maintenance treatment period and start of the follow- up period per protocol. Shaded areas represent 95% CIs.
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Maintenance phaseだけで⾒ても、RTXが優れていた
(HR 0.35, 95% CI 0.18 to 0.66, p=0.001)

13/85名 (15%) が
再燃を経験

32/85名 (38%) が
再燃を経験
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relapse- free survival rate was 0.85, 95% CI 0.78 to 0.93, for the 
rituximab compared with 0.61, 95% CI 0.51 to 0.73, for the 
azathioprine groups. During the follow- up phase, there were 33 
relapses in 25 from the rituximab compared with 49 relapses 
in 28 in the azathioprine groups. Five patients in the rituximab 
group experienced a major relapse during the follow- up period 
compared with 11 in the azathioprine group. At month 48, the 
rate for continued remission was 0.50, 95% CI 0.40 to 0.63, for 
the rituximab and 0.22, 95% CI 0.14 to 0.35, for the azathio-
prine groups.

In a multiple regression model, neither the glucocorticoid 
induction regimen (high or low dose) nor ANCA subtype (PR3- 
ANCA or MPO- ANCA) influenced relapse risk: HR 1.29, 
95% CI 0.82 to 2.04, p=0.277 and HR 1.23, 95% CI 0.76 to 
1.98, p=0.402, respectively (online supplemental eFigure 1). 
Individuals who entered the trial with major BVAS/WG items at 
relapse were less likely to experience a disease relapse during the 
trial: HR 0.64, 95% CI 0.41 to 0.98, p=0.040 (figure 3).

Compliance with treatment per protocol
81/85 (95%) patients in the rituximab group were compliant and 
78/85 (92%) in the azathioprine group. During the follow- up 
phase, 10/85 (12%) patients in the rituximab and 15/85 (18%) 
patient in the azathioprine groups continued immunosuppres-
sion. When the 11 patients non- compliant during the treatment 
period with the protocol- defined immunosuppressive therapy 
were excluded in the analysis, the HR for relapse was 0.38, 
95% CI 0.25 to 0.58, p<0.001. When the 25 patients non- 
complaint during either the treatment or the follow- up phase 
were excluded in the analysis, the HR for relapse was 0.36, 
95% CI 0.23 to 0.57, p<0.001.

The median cumulative prednisolone dose during the main-
tenance phase was identical in both groups (median 2100 mg, 
ranges 0–5700 mg in rituximab and 0–9000 mg in the azathio-
prine groups), deviations from the protocol were common, 44 
(52%) in the rituximab and 57 (67%) in the azathioprine groups 
reported at least one deviation during the trial. At month 24, by 
which time the protocol- required cessation of glucocorticoids, 
22/77 (29%) in the rituximab and 35/76 (46%) in the azathi-
oprine groups were still receiving glucocorticoids, mean daily 

doses=2.28 mg (SD=5.45) for the rituximab and 2.8 mg (SD 
5.5) for the azathioprine groups.

Damage assessment
There was no difference in the accrual of damage between 
groups. The modified Combined Damage Assessment score 
increased by a mean of 0.571 (SD 0.909) and 1.09 (SD 1.18) in 
the rituximab group compared with 0.533 (SD 0.777) and 1.38 
(SD 1.65) in the azathioprine group during the maintenance 
phase and whole trial, respectively.

Quality of life measures
No differences were observed between study groups in any 
domains of the SF- 36 score. In the rituximab and azathioprine 
groups, median physical component scores at randomisation 
were reduced at 37.25 (range 2.8–61.6) and 36.5 (1.5–58.1) and 
median mental component scores were 54.55 (19.6–67.7) and 
53.8 (16.7–72.6). Scores remained stable across the trial, both 
during the maintenance and follow- up phases (online supple-
mental eFigure 2).

CD19-positive B cells
During the maintenance phase, the median CD19 cell counts 
were 0×109 /L (0–3) in the rituximab group and 0×109 /L (0–5) 
in the azathioprine group. The median percentage of CD19 cells 
remained zero (0–5) in the rituximab group but increased to 
0.1% (0–29) at month 12 and 0.3% (0–35.1) at month 24 in 
the azathioprine group. During the follow- up phase, the median 
CD19 cell counts were lower in the azathioprine group, this 
was confounded by the use of rituximab to treat relapses in this 
group (online supplemental eFigure 3).

Safety
Sixty- nine SAEs occurred in 37 (44%) patients in the rituximab 
and 105 in 48 (56%) in the azathioprine groups (table 2). There 
was no difference in time to first SAE between groups (online 
supplemental eFigure 4). Nineteen (22%) patients in the ritux-
imab and 31 (36%) patients in the azathioprine groups experi-
enced at least one SAE during the treatment period. Nineteen 

Figure 3 Multivariate model of clinical predictors for relapse in the RITAZAREM trial. Induction regimen refers to glucocorticoid dose. 1A—1 mg/kg/
day starting dose (maximum 60 mg daily); 1B—0.5 mg/kg/day starting dose (maximum 30 mg daily). PR3, proteinase 3; MPO, myeloperoxidase. The 
estimates are from a multiple regression model that simultaneously adjusts for the treatment and all covariates.

 on M
arch 31, 2023 by guest. Protected by copyright.

http://ard.bm
j.com

/
Ann R

heum
 D

is: first published as 10.1136/ard-2022-223559 on 23 M
arch 2023. D

ow
nloaded from

 

GCのレジメンもANCAのタイプも再燃率に影響なし



副次評価項⽬



ダメージアセスメント

群間でダメージの発⽣に差は⾒られず



QOLSupplementary Figure 2:  Physical Component Scores and Mental Component Scores of     
SF-36 during the RITAZAREM trial per treatment group 

 
Boxes show the interquartile range (IQR) and horizontal line inside the box shows the median.  The 
two whiskers on either side of the box represent values, up to and including, 1.5 times the length of 
the IQR.  Values outside the range of the whiskers (more than 1.5 IQR from the nearer quartile), are 
considered outliers and are plotted individually. 
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CD19陽性B細胞

Maintenance phase

- 細胞数 (中央値)
RTX 0x109/L (0-3)
AZA 0x109/L (0-5)

- 割合(中央値)
RTX 0%
AZA 12か⽉で0.1%

24か⽉で0.3%

Supplementary Figure 3:  Percentage of blood CD19 B cells throughout the RITAZAREM trial 
among patients in the two treatment groups 

 

 

Boxes show the interquartile range (IQR) and horizontal line inside the box shows the median. The 
two whiskers on either side of the box represent values, up to and including, 1.5 times the length of 
the IQR.  Values outside the range of the whiskers (more than 1.5 IQR from the nearer quartile), are 
considered outliers and are plotted individually. 
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severe infections occurred in 15 (18%) patients in the ritux-
imab and 27 in 19 (22%) patients in the azathioprine groups 
(online supplemental eTable 3). One- hundred and ninety- seven 
and 207 non- severe infections occurred in 54 (64%) and 62 
(73%) patients in the rituximab and azathioprine groups, respec-
tively. One case of progressive multifocal leukoencephalopathy 
occurred after the induction period in a patient not randomised 
into the maintenance phase of the trial. Thirty- six (42%) patients 
in the rituximab group had a plasma IgG level <5 g/L at some 
point during the trial and 8 (9%) had a plasma IgG level <3 g/L 
compared with 26 (31%) and 6 (7%) patients in the azathioprine 
group. A lower plasma IgG level at baseline (OR 0.52 baseline 
IgG; 95% CI 0.40 to 0.65, p<0.001) and high- dose gluco-
corticoids during induction (OR 8.6; 95% CI 3.02 to 27.58, 
p<0.001) were associated with the development of hypogam-
maglobulinaemia (table 3). One patient, from the rituximab 
group, received intravenous immunoglobulin during the trial for 
treatment of hypogammaglobulinaemia and repeated infections. 
Eleven patients developed a new malignancy during the trial: 
five in the rituximab (skin (2), prostate (1), pancreas (1), oesoph-
agus (1)) and six in the azathioprine groups (skin (5), pancreas 
(1)). Four patients died during the trial; three in the rituximab 
(infection (1), malignancy (1), other (1)) and one in the azathio-
prine groups (malignancy).

DISCUSSION
This international, randomised, controlled trial demonstrated 
that rituximab was superior to azathioprine for prevention of 
disease relapse in patients with AAV with a prior history of 
relapse, following reinduction of remission with rituximab and 
glucocorticoids, and there was lower average glucocorticoid 
exposure in the rituximab group.

The MAINRITSAN 1 trial demonstrated the superiority 
of rituximab over azathioprine for the prevention of relapse 
following induction of remission with cyclophosphamide in a 
study population with predominantly newly diagnosed AAV 
patients. The higher relapse rate found in this trial compared 
with the MAINRITSAN 1 trial reflects differences in patient 
populations and trial design.11 RITAZAREM recruited patients 
at relapse, which is associated with a higher subsequent relapse 
risk. Both major and minor relapses were reported as part of 
the primary endpoint of relapse- free survival in RITAZAREM, 
reflecting the importance of minor relapses in cumulative treat-
ment exposure, and the follow- up period was longer, at 48 
months. The cumulative rituximab dose during the maintenance 
phase, 5000 mg, was double that used in MAINRITSAN, yet 
relapses were still seen in 15% of the rituximab group during 
treatment, identifying a subset of patients with disease refractory 
to higher dose rituximab. The lower relapse risk in those with 
major BVAS/WG items at enrolment is consistent with previous 
observations of lower relapse risk with worse renal vasculitis.18 
Furthermore, after discontinuation of therapy, relapses were 
frequent in both groups indicating that the benefit of rituximab, 
even at a high dose, was not sustained beyond the treatment 
period.

SAEs and infections were common, consistent with previous 
studies in AAV, and there were no new safety signals for these 
medications in this population. Hypogammaglobulinaemia, 
secondary immunodeficiency and impaired vaccine responses, 
is a concern with use of repeated doses of rituximab. Although 
median plasma IgG levels were stable in both the rituximab 
and azathioprine groups across the trial, 42% of patients in the 
rituximab group and 31% in the azathioprine group developed 
a plasma IgG level <5 g/L; however, it should be noted that 
all patients had received rituximab induction at trial entry. In 
RITAZAREM, higher glucocorticoid exposure and lower base-
line plasma IgG levels were associated with the development 
of hypogammaglobulinaemia, a finding consistent with a prior 
reports.12 19 In the context of the COVID- 19 pandemic, poorer 
vaccine responses, both in term of absolute antibody titres and 
neutralising capacity, when compared with non- B cell depleting 
immunosuppressive agents, have been observed in several 
cohorts despite booster vaccine doses and are important consid-
eration when making therapeutic decisions.20–26

The strengths of this study include this being the largest 
cohort of patients with relapsing AAV recruited into a clinical 
trial, centralised randomisation and recruitment from 29 centres 
across four continents, minimising centre or regional bias. The 
study had low rates of treatment crossover and a long period 
of follow- up after trial medications were discontinued, a design 
aimed at detecting the prolonged effects or safety issues of the 
interventions.

The study was limited by use of open- label trial medication, 
but potential impact on trial end- points was counterbalanced 
by a blinded adjudication end- point committee. Extended use 

Table 2 Adverse events according to treatment regimen in the RITAZAREM trial
Total
(N=188)

Rituximab
(N=85)

Azathioprine
(N=85)

Not randomised
(N=18)

Number (%) of patients with a serious adverse event 92 (49%) 37 (44%) 48 (56%) 7 (39%)
Number (%) of patients with a serious infection 39 (21%) 15 (18%) 19 (22%) 5 (28%)
Number (%) of patients with a non- serious infection 119 (63%) 54 (64%) 62 (73%) 3 (17%)
Number (%) of patients with plasma IgG<5 g/L 66 (35%) 36 (42%) 26 (31%) 4 (22%)
Number (%) of patients with plasma IgG<3 g/L 17 (9%) 8 (9%) 6 (7%) 3 (17%)

Table 3 Multivariable model of predictors for the development of 
hypogammaglobulinaemia in the RITAZAREM trial
Variable OR 95% CI P value

Maintenance treatment (rituximab vs 
azathioprine)

2.2 (0.87 to 5.72) 0.104

Glucocorticoid induction regimen (1A 
vs 1B)

8.6 (3.02 to 27.58) <0.001

ANCA status at enrolment (anti- PR3 vs 
anti- MPO)

0.78 (0.27 to 2.26) 0.639

Type of relapse (severe vs non- severe) 2.2 (0.82 to 6.07) 0.124

Previous rituximab (yes vs no) 1.2 (0.41 to 3.53) 0.740

Previous cyclophosphamide (yes vs no) 1.1 (0.20 to 6.36) 0.944

Previous rituximab or cyclophosphamide 
(yes vs no)

7.3 (0.57 to 128.37) 0.144

Baseline plasma IgG (g/L)* 0.52 (0.40 to 0.65) <0.001

Intercept 0.013 (0.00 to 0.12) –

Glucocorticoid induction regimen: 1A=1 mg/kg/day starting dose; 1B=0.5 mg/kg/day starting dose.
*Baseline plasma IgG level was centred around the mean value (9.56). The intercept gives an estimate 
of the absolute odds for a patient with the mean value of baseline IgG, and the reference levels of the 
other binary predictors.
MPO, myeloperoxidase; PR3, proteinase 3.
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Vasculitis

severe infections occurred in 15 (18%) patients in the ritux-
imab and 27 in 19 (22%) patients in the azathioprine groups 
(online supplemental eTable 3). One- hundred and ninety- seven 
and 207 non- severe infections occurred in 54 (64%) and 62 
(73%) patients in the rituximab and azathioprine groups, respec-
tively. One case of progressive multifocal leukoencephalopathy 
occurred after the induction period in a patient not randomised 
into the maintenance phase of the trial. Thirty- six (42%) patients 
in the rituximab group had a plasma IgG level <5 g/L at some 
point during the trial and 8 (9%) had a plasma IgG level <3 g/L 
compared with 26 (31%) and 6 (7%) patients in the azathioprine 
group. A lower plasma IgG level at baseline (OR 0.52 baseline 
IgG; 95% CI 0.40 to 0.65, p<0.001) and high- dose gluco-
corticoids during induction (OR 8.6; 95% CI 3.02 to 27.58, 
p<0.001) were associated with the development of hypogam-
maglobulinaemia (table 3). One patient, from the rituximab 
group, received intravenous immunoglobulin during the trial for 
treatment of hypogammaglobulinaemia and repeated infections. 
Eleven patients developed a new malignancy during the trial: 
five in the rituximab (skin (2), prostate (1), pancreas (1), oesoph-
agus (1)) and six in the azathioprine groups (skin (5), pancreas 
(1)). Four patients died during the trial; three in the rituximab 
(infection (1), malignancy (1), other (1)) and one in the azathio-
prine groups (malignancy).

DISCUSSION
This international, randomised, controlled trial demonstrated 
that rituximab was superior to azathioprine for prevention of 
disease relapse in patients with AAV with a prior history of 
relapse, following reinduction of remission with rituximab and 
glucocorticoids, and there was lower average glucocorticoid 
exposure in the rituximab group.

The MAINRITSAN 1 trial demonstrated the superiority 
of rituximab over azathioprine for the prevention of relapse 
following induction of remission with cyclophosphamide in a 
study population with predominantly newly diagnosed AAV 
patients. The higher relapse rate found in this trial compared 
with the MAINRITSAN 1 trial reflects differences in patient 
populations and trial design.11 RITAZAREM recruited patients 
at relapse, which is associated with a higher subsequent relapse 
risk. Both major and minor relapses were reported as part of 
the primary endpoint of relapse- free survival in RITAZAREM, 
reflecting the importance of minor relapses in cumulative treat-
ment exposure, and the follow- up period was longer, at 48 
months. The cumulative rituximab dose during the maintenance 
phase, 5000 mg, was double that used in MAINRITSAN, yet 
relapses were still seen in 15% of the rituximab group during 
treatment, identifying a subset of patients with disease refractory 
to higher dose rituximab. The lower relapse risk in those with 
major BVAS/WG items at enrolment is consistent with previous 
observations of lower relapse risk with worse renal vasculitis.18 
Furthermore, after discontinuation of therapy, relapses were 
frequent in both groups indicating that the benefit of rituximab, 
even at a high dose, was not sustained beyond the treatment 
period.

SAEs and infections were common, consistent with previous 
studies in AAV, and there were no new safety signals for these 
medications in this population. Hypogammaglobulinaemia, 
secondary immunodeficiency and impaired vaccine responses, 
is a concern with use of repeated doses of rituximab. Although 
median plasma IgG levels were stable in both the rituximab 
and azathioprine groups across the trial, 42% of patients in the 
rituximab group and 31% in the azathioprine group developed 
a plasma IgG level <5 g/L; however, it should be noted that 
all patients had received rituximab induction at trial entry. In 
RITAZAREM, higher glucocorticoid exposure and lower base-
line plasma IgG levels were associated with the development 
of hypogammaglobulinaemia, a finding consistent with a prior 
reports.12 19 In the context of the COVID- 19 pandemic, poorer 
vaccine responses, both in term of absolute antibody titres and 
neutralising capacity, when compared with non- B cell depleting 
immunosuppressive agents, have been observed in several 
cohorts despite booster vaccine doses and are important consid-
eration when making therapeutic decisions.20–26

The strengths of this study include this being the largest 
cohort of patients with relapsing AAV recruited into a clinical 
trial, centralised randomisation and recruitment from 29 centres 
across four continents, minimising centre or regional bias. The 
study had low rates of treatment crossover and a long period 
of follow- up after trial medications were discontinued, a design 
aimed at detecting the prolonged effects or safety issues of the 
interventions.

The study was limited by use of open- label trial medication, 
but potential impact on trial end- points was counterbalanced 
by a blinded adjudication end- point committee. Extended use 

Table 2 Adverse events according to treatment regimen in the RITAZAREM trial
Total
(N=188)

Rituximab
(N=85)

Azathioprine
(N=85)

Not randomised
(N=18)

Number (%) of patients with a serious adverse event 92 (49%) 37 (44%) 48 (56%) 7 (39%)
Number (%) of patients with a serious infection 39 (21%) 15 (18%) 19 (22%) 5 (28%)
Number (%) of patients with a non- serious infection 119 (63%) 54 (64%) 62 (73%) 3 (17%)
Number (%) of patients with plasma IgG<5 g/L 66 (35%) 36 (42%) 26 (31%) 4 (22%)
Number (%) of patients with plasma IgG<3 g/L 17 (9%) 8 (9%) 6 (7%) 3 (17%)

Table 3 Multivariable model of predictors for the development of 
hypogammaglobulinaemia in the RITAZAREM trial
Variable OR 95% CI P value

Maintenance treatment (rituximab vs 
azathioprine)

2.2 (0.87 to 5.72) 0.104

Glucocorticoid induction regimen (1A 
vs 1B)

8.6 (3.02 to 27.58) <0.001

ANCA status at enrolment (anti- PR3 vs 
anti- MPO)

0.78 (0.27 to 2.26) 0.639

Type of relapse (severe vs non- severe) 2.2 (0.82 to 6.07) 0.124

Previous rituximab (yes vs no) 1.2 (0.41 to 3.53) 0.740

Previous cyclophosphamide (yes vs no) 1.1 (0.20 to 6.36) 0.944

Previous rituximab or cyclophosphamide 
(yes vs no)

7.3 (0.57 to 128.37) 0.144

Baseline plasma IgG (g/L)* 0.52 (0.40 to 0.65) <0.001

Intercept 0.013 (0.00 to 0.12) –

Glucocorticoid induction regimen: 1A=1 mg/kg/day starting dose; 1B=0.5 mg/kg/day starting dose.
*Baseline plasma IgG level was centred around the mean value (9.56). The intercept gives an estimate 
of the absolute odds for a patient with the mean value of baseline IgG, and the reference levels of the 
other binary predictors.
MPO, myeloperoxidase; PR3, proteinase 3.

 on M
arch 31, 2023 by guest. Protected by copyright.

http://ard.bm
j.com

/
Ann R

heum
 D

is: first published as 10.1136/ard-2022-223559 on 23 M
arch 2023. D

ow
nloaded from

 

ベースのIgG低値、⾼⽤量
GCレジメンが低ガンマグロ
ブリン⾎症の出現と関連。



ディスカッション
• 本試験ではMAINRITSAN 1よりも再燃率が⾼かったが、RITAZAREMは

再燃リスクがより⾼い再燃患者を対象としていること、主要評価項⽬と
してmajorとminor relapseの両者を報告した点が要因と考えられる。

• Maintenance phaseにおけるRTXの積算量 (5,000mg) はMAINRITSAN 1
の2倍だったが、それでもRTX群の15%は再燃していた。

• 両群とも治療終了後の再燃頻度が⾼く、RTXの恩恵は⾼⽤量であっても
治療期間を超えては続かないことが⽰された。



COVID-19への⾔及

RTXは⾮B細胞枯渇療法と⽐べて、ブースター接種で
も抗体価と中和能の点でワクチン反応が乏しいことが
いくつかのコホートで観察されており、 COVID-19パ
ンデミックの状況においては、治療意思決定に際して
重要な検討事項になる。



強み

•再燃AAVを組み⼊れた⼤規模な試験である。

•治療のクロスオーバー率が低く、試験薬中⽌後の
フォローアップ期間が⻑いという、介⼊の⻑期効果
や安全性の問題を検出しやすい試験になっている。



限界

• ⾮盲検化試験である。ただしこれは盲検化されたエンドポイント判
定会議によって、エンドポイントへの潜在的な影響は相殺された。
• GCは再燃リスクへ影響することが知られており、本研究では再燃

⾼リスク群を対象にしていたためGCの使⽤を延⻑した。しかしそ
の効果は評価できず、すでに相当量のGCに曝露されている再燃患
者ではGC使⽤を最⼩限にすべきである。
• 以前の免疫抑制薬使⽤が潜在的に結果を混乱させる可能性があった。

ただし治療間で差はなかった。


