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Abstract
Objective

This retrospective cohort study aimed to evaluate real-world data on the efficacy of rituximab (RTX) alone versus 
combined rituximab/cyclophosphamide (RTX/CYC) induction therapy, followed by RTX maintenance, compared with 

cyclophosphamide-azathioprine (CYC-AZA) therapy in ANCA-associated vasculitis (AAV).

Methods
Patients with new-onset or relapsing organ- or life-threatening AAV (granulomatosis with polyangiitis [GPA] n=97;

 microscopic polyangiitis [MPA], n=69) were followed over 24-months. Patients with previous RTX and/or CYC therapy 
were excluded. Treatment comprised combination of GC with either RTX alone or RTX/CYC combination for remission 

induction, each followed by RTX maintenance therapy, or CYC-AZA therapy. The primary outcome measure was complete 
remission defined as absence of vasculitis activity with no concomitant GC therapy after 12 and 24 months.

Results
20% and 35% of the patients in the RTX group and 22% and 33% in the RTX/CYC group achieved complete remission at 

12 and 24 months, contrasting with 3% and 9% in the CYC-AZA group (p=0.008 and p=0.003, respectively). The majority 
of patients achieved remission with concomitant GC therapy at any time during the 24-months observation period (RTX, 
88%; RTX/CYC, 87%; CYC-AZA, 81%; p=0.097). RTX alone was associated with a lower relapse rate compared with 
RTX/CYC in the subgroup of GPA patients (p=0.041). Moreover, RTX alone was comparably effective to RTX/CYC and 

CYC-AZA in terms of relapse in patients with severe renal disease (p=0.091).

Conclusion
RTX alone was similarly effective to RTX/CYC combination and CYC-AZA therapy in AAV patients, including those with 

severe renal involvement.
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Introduction
Anti-neutrophil cytoplasmic antibody 
(ANCA)-associated vasculitis (AAV) 
is characterised by a systemic necrotis-
ing vasculitis predominantly affecting 
small and medium-sized vessels. Gran-
ulomatosis with polyangiitis (GPA) 
and microscopic polyangiitis are the 
two major subgroups of AAV (1). AAV 
is burdened by excess mortality, with 
renal impairment being the key deter-
minant for unfavourable outcomes (2, 
3). For the induction of remission in 
new-onset or relapsing GPA or MPA 
with organ- or life-threatening disease, 
the 2022 European Alliance of Asso-
ciations for Rheumatology (EULAR) 
recommendations advise a combina-
tion of glucocorticoid (GC) with either 
rituximab (RTX) or cyclophosphamide 
(CYC). For relapsing disease, RTX is 
favoured (4). Due to limited evidence 
in support of GC and RTX for induc-
tion in patients with severe renal im-
pairment, the 2024 Kidney Disease: 
Improving Global Outcomes (KDIGO) 
guidelines recommend a combination 
of GC with either CYC or a combina-
tion of RTX and CYC (RTX/CYC) in 
those patients (5). For maintenance of 
remission after RTX or CYC induction, 
RTX is recommended or, as an alterna-
tive, azathioprine (4, 5).
Notably, there is lack of real-world data 
from observational studies comparing 
RTX- and CYC-based remission in-
duction regimens, either given alone or 
in combination, in patients with new-
onset or relapsing organ- or life-threat-
ening GPA and MPA. In this open ret-
rospective monocentric cohort study, 
we therefore assessed the outcomes of 
AAV patients treated with GC in com-
bination with RTX alone or combined 
RTX/CYC therapy for the induction 
of remission, followed by RTX-based 
maintenance therapy. For comparison, 
outcomes were determined in patients 
treated with CYC induction followed 
by azathioprine (CYC-AZA) mainte-
nance therapy.

Methods
Patients
Study participants were recruited and 
followed at the Department of Rheu-
matology and Clinical Immunology 

and Department of Internal Medicine 
I, Division of Nephrology and Trans-
plant Centre at Lübeck University 
Hospital, Germany. Medical records 
between January 2010 and November 
2021 were reviewed. A rheumatologist 
and/or nephrologist examined each 
patient. Patients fulfilled the 2012 
Chapel Hill Consensus Conference 
(CHCC) definitions and the American 
College of Rheumatology (ACR)/EU-
LAR classification criteria for GPA or 
MPA (1, 6, 7). The study was approved 
by the regional ethics review board 
of the University of Lübeck (16-199) 
and conducted following the princi-
ples of the Declaration of Helsinki. 
All participants gave their informed 
consent. Clinical data including vas-
culitis activity and damage scores 
[Birmingham Vasculitis Activity 
Score (BVAS) v3 (8), Vasculitis Dam-
age Index (VDI) (9)], inflammatory 
markers (high sensitivity C-reactive 
protein (CRP), creatinine, glomerular 
filtration rate (GFR, MDRD-formula), 
proteinuria, diagnostic autoantibodies 
levels (MPO-ANCA, PR3-ANCA), 
and treatment were assessed at base-
line and during follow-up every 3–6 
months over 24 months.

Treatment
For the induction of remission, GPA 
and MPA patients with new-onset or 
relapsing organ- or life-threatening 
disease i.e., displaying severe disease 
according to the EULAR recommen-
dations for the management of ANCA-
associated vasculitis: 2022 update (4), 
were treated with GC, i.e., predniso-
lone, in combination with RTX alone 
or combined RTX/CYC therapy based 
on the RAVE and RITUXVAS trial 
regimens, respectively (10, 11). Pa-
tients with previous RTX and/or CYC 
therapy were excluded. Treatment de-
cision for one or the other was left at 
the physician’s discretion. Patients 
treated with RTX alone received in-
travenous RTX (375 mg/m2 of body 
surface area once weekly for 4 weeks), 
patients treated with combined RTX/
CYC therapy received intravenous 
CYC at a dose of 15 mg per kilogram 
in addition to the first and third RTX 
infusion, and in case of progressive 
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disease a third CYC dose within the 
first 6 months. CYC induction with 
subsequent azathioprine maintenance 
therapy was administered similarly to 
the CYC-AZA control groups’ regimen 
in the RAVE and RITUXVAS trials 
(10, 11). After remission induction, pa-
tients treated with RTX alone and com-
bined RTX/CYC received RTX-based 
maintenance therapy according to the 
MAINRITSAN trial regimen and fol-
lowing EULAR and KDIGO recom-
mendations (4, 5, 12). Patients of the 
CYC-AZA group received intravenous 
CYC at a dose of 15mg per kilogram 
weekly every 2-3 weeks for 3-6 months 
until remission was achieved, followed 
by oral azathioprine maintenance ther-
apy (1-2 mg per kilogram per day) (10, 
11).

Outcomes
The primary outcome measure was 
complete remission at month 12 and 
24. Complete remission was defined 
as BVAS of 0 in the absence of con-
comitant GC therapy as in the RAVE 
trial definition (10). Secondary out-
come measures were remission with 
concomitant GC therapy [defined as 
BVAS=0 and GC≤10 mg/d predni-
solone as in the RAVE trial (10)] at 
any time, remission at 6, 12, 18 and 
24 months, complete remission at any 
time, complete remission at 6 and 18 
months, relapse rate at 6, 12, 18 and 24 
months, mean daily total prednisolone 
dose at baseline and 6, 12, 18 and 24 
months, number of adverse event (AE) 
including grade of event, and number 
of serious adverse events (SAE) with 
regard to events requiring hospitalisa-
tion or life-threatening events, cancer 
and death. In addition, the type of event 
(non-serious and serious infections, 
hypogammaglobulinemia) was record-
ed. Malignant conditions occurring 
up to month 24 month were recorded 
and graded according to the National 
Cancer Institute’s Common Terminol-
ogy (13). Renal involvement was con-
firmed by a renal biopsy demonstrating 
necrotizing glomerulonephritis and/
or active urine sediment (glomerular 
haematuria, cellular casts, proteinu-
ria). Severe renal disease was defined 
as impairment of kidney function with 

an estimated glomerular filtration rate 
(eGFR) <30 ml/min (5). Severe ad-
verse events (SAE) were defined as AE 
requiring hospitalisation or associated 

with life-threatening events or death 
(10, 11). Relapse was defined as recur-
rence of disease activity after a period 
of remission (4).

Table I. Patient characteristics at baseline.

	 RTX	 RTX/CYC	 CYC-AZA	
	 n=81	 n=23	 n=62	 p-value

Female/Male	 36/45		  16/7		  27/35		  0.082
Age (years), median (range)	 59 	(22-85)	 59 	(44–83)	 69 	(21–84)	 0.071
AAV subgroup	 			 
   GPA, n (%)	 57 	(70)	 16 	(70)	 24 	(39)	 <0.001
   MPA, n (%)	 24 	(30)	 7 	(30)	 38 	(61)	 <0.001
New-onset diagnosis, n (%)	 49 	(60)	 18 	(78)	 58 	(94)	 <0.001
Relapse, n (%)	 32 	(40)	 5 	(22)	 4 	(6)	 <0.001
   Time to previous remission induction 	 7 	(2-25)	 18 	(1-21)	 8 	(8-13)	 0.2341
   treatment (years), median (range)	
BVAS, mean (SD)	 12 	(5.7)	 16 	(10.2)	 16 	(6.9)	 0.001
VDI, mean (SD)	 0 	(0.2)	 0 	(0.7)	 0 	(0.6)	 0.210

Clinical manifestations				  
   Renal involvement*, n (%)	 40 	(49)	 12 	(52)	 40 	(67)	 0.186
   Neurological involvement, n (%)	 9 	(11)	 6 	(26)	 18 	(29)	 0.014
   Cutaneous involvement, n (%)	 9 	(11)	 2 	(8)	 8 	(13)	 0.892
   Ear, nose and throat
   involvement, n (%) 	 39 	(48)	 11 	(48)	 23 	(37)	 0.399
   Lung involvement, n (%)	 40 	(49)	 15 	(65)	 36 	(58)	 0.337
   Mucous membranes / Eyes
   involvement, n (%)	 6 	(7)	 7 	(30)	 5 	(8)	 0.012
   Cardiovascular involvement,
   n (%)	 3 	(4)	 6 	(23)	 6 	(10)	 0.005
   Gastrointestinal, n (%)	 0 	(0)	 1 	(4)	 3 	(5)	 0.098

Organ- /life-threatening manifestations #				  
   Glomerulonephritis, n (%)	 40 	(49)	 12 	(52)	 40 	(67)	 0.186
   Pulmonary haemorrhage, n (%)	 18 	(22)	 3 	(13)	 12 	(19)	 0.692
   Meningeal involvement, n (%)	 0 	(0)	 0 	(0)	 2 	(3)	 0.397
   Central nervous system   
   involvement, n (%)	 2 	(2)	 1 	(4)	 4 	(6)	 0.496
   Retro-orbital disease, n (%)	 1 	(1)	 1 	(4)	 0 	(0)	 0.257
   Cardiac involvement, n (%)	 2 	(2)	 2 	(7)	 1 	(2)	 0.626
   Mesenteric involvement, n (%)	 0 	(0)	 0 	(0)	 1 	(29)	 0.509
   Mononeuritis involvement, n (%)	 5 	(6)	 4 	(17)	 11 	(18)	 0.053

Laboratory values				  
   PR3-ANCA (U/ml), median (range)	 128.5	 (0-4000)	 183.5.01	 (0-669)	 35.3	 (3-200)	 0.598
   PR3-ANCA, n (%)	 46 	(57)	 15 	(65)	 18 	(29)	 0.001
   MPO-ANCA (U/ml), median (range)	 56.4	 (1-100)	 18.4 	(2-61)	 58.9	 (1-130)	 0.209
   MPO-ANCA, n (%)	 24 	(30)	 7 	(30)	 38 	(61)	 0.001
   hs-CRP (mg/I), mean (SD)	 45.3 	(69.4)	 62.6 	(80.2)	 65.71 	(84.3)	 0.949
   Creatinine (µmol/I), mean (range)	 201.4	 (42-1143)	 145.8	 (54-563)	 223.4	 (51-984)	 0.272
   eGFR (ml/min/1.73), mean (range)	 59.7	 (5-128)	 62.9	 (5-103)	 48.0	 (6-97)	 0.161
   Severe renal involvement 
   (eGFR <30 ml/min), n (%)	 23 	(28)	 7 	(30)	 18 	(29)	 0.982
   Proteinuria (mg/I), mean (SD)	 579.7	 (1184)	 209.2	 (332)	 359.8	 (493)	 0.282

Therapy before first infusion of RTX and/or CYC 				  
   Methotrexate, n (%)	 20 	(25)	 2 	(9)	 3 	(5)	 <0.001
   Azathioprine, n (%)	 5 	(6)	 0		  1 	(2)	 0.356
   Leflunomide, n (%)	 6 	(7)	 0		  1 	(2)	 0.171
   Mycophenolate mofetil, n (%)	 1 	(1)	 1 	(4)	 0		  0.259

RTX: rituximab; RTX/CYC: combination rituximab and cyclophosphamide, each followed by RTX 
maintenance; CYC-AZA: cyclophosphamide followed by azathioprine; AAV: ANCA-associated vas-
culitis; GPA: granulomatosis with polyangiitis; MPA: microscopic polyangiitis; BVAS: Birmingham 
Vasculitis Activity Score (BVAS) v3; VDI: vasculitis damage index; hs-CRP: high-sensitivity C-reac-
tive protein; eGFR: glomerular filtration rate (MDRD-formula).
*Renal involvement characterised by renal biopsy demonstrating necrotising glomerulonephritis and/
or active urine sediment (glomerular haematuria, cellular casts, proteinuria).
#Organ- /life-threatening manifestations according to Hellmich et al. (4).
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Statistical analysis
Results were visualised and analysed 
with Prism version 10.3.0 (Graph-
Pad Software). Nonparametric Mann-
Whitney U-test and Spearman’s rho 
were used to examine noncategorical, 
non-normal distributed values. Fisher’s 
exact test or chi-square test was per-
formed to compare categorical values. 
A one-way ANOVA was performed 
when two groups of samples were 
compared for iterating parameters, 
or more than two groups of samples 
were compared. Tukey’s range test was 
used as a post hoc analysis of ANOVA. 
Comparisons of clinical Time-to-event 
variables between the three groups 
were calculated using the log-rank test 
and visualised using the Kaplan-Meier 
curve. All statistical tests were two-
sided. P values below 0.05 were con-
sidered significant.

Results
Patient characteristics
In this retrospective study, 166 patients 
with new-onset or relapsing organ- or 
life-threatening GPA (n=97) or MPA 
(n=69) treated between January 2010 
and November 2021 were included. 
Patients were treated for remission 
induction with a combination of GC 
and either RTX alone (n=81) or com-
bined RTX/CYC (n=23), each fol-
lowed by RTX maintenance therapy, 

or CYC-AZA (n=62). Of note, patients 
with previous RTX and/or CYC ther-
apy were excluded. Our retrospective 
analysis showed more patients with 
new-onset disease and MPA in the 
group of patients treated with CYC-
AZA compared to the RTX and RTX/
CYC groups. By contrast, the RTX and 
RTX/CYC groups comprised a higher 
proportion of patients with relapsing 
disease. Overall, the creatinine con-
centration was increased and eGFR 
decreased in all three treatment groups, 
with the highest creatinine concentra-
tion in the group of patients treated 
with CYC-AZA. Moreover, CRP and 
BVAS were higher in the RTX/CYC 
and CYC-AZA groups compared with 
the RTX group. Patient characteristics 
at baseline are summarised in Table I.

Primary outcome measures
Complete remission defined as BVAS 
of 0 in the absence of concomitant GC 
therapy was achieved in 20% and 35% 
of the patients in the RTX group and in 
22% and 33% in the RTX/CYC group 
after 12 and 24 months. By contrast, 
3% and 9% of the CYC-AZA group 
were in complete remission after 12 
and 24 months (p=0.008 and p=0.003, 
respectively) (Table II).

Secondary outcome measures
In all three treatment groups, the ma-

jority of patients achieved remission 
(BVAS=0, GC≤10 mg/d prednisolone) 
at any time during the 24-months ob-
servation period (RTX, 88%; RTX/
CYC, 87%; CYC-AZA, 81%; p=0.097) 
(Table II, Supplementary Fig. S1A). 
Remissions rates at 6, 12, 18 and 24 
months were similar (Table II, Sup-
plementary Fig. S1B). A higher pro-
portion of patients achieved complete 
remission (BVAS=0, GC=0 mg/d pred-
nisolone) at any time with RTX (33%) 
and RTX/CYC (39%) compared to 
CYC-AZA therapy (8%; p=0.001) (Ta-
ble II, Supplementary Fig. S1C). While 
there was no difference in complete 

Table II. Efficacy outcome. Remission rates at 6, 12, 18, 24 months and at any time strati-
fied by induction therapy.

	 RTX	 RTX/CYC	 CYC-AZA	 p-value
	 n=81	 n=23	 n=62

		  Number (percent)	

Complete remission rates (%) 
(BVAS = 0, GC = 0mg/d prednisolone)	 			 
   6 months 	 3/81 	(4)	 0/23 	(0)	 1/62 	 (2)	 0.397
   12 months	 15/75 	(20)	 5/23 	(22)	 2/58 	 (3)	 0.008
   18 months	 15/62 	(24)	 6/21 	(21)	 3/49 	 (6)	 0.017
   24 months	 19/55 	(35)	 6/18 	(33)	 4/46 	 (9)	 0.003
Remission rates (%) 
(BVAS = 0, GC <10mg/d prednisolone)	 			 
   6 months 	 48/81 	(59)	 13/23 	(57)	 28/62 	 (45)	 0.097
   12 months	 53/75 	(71)	 15/23 	(65)	 37/58 	 (64)	 0.396
   18 months	 46/62 	(74)	 15/21 	(71)	 37/49 	 (76)	 0.874
   24 months	 41/55 	(75)	 14/18 	(78)	 36/46 	 (78)	 0.658
Complete remission at any time (%)
 (BVAS = 0, GC = 0mg/d prednisolone)	 27/81 	(33)	 9/23 	(39)	 5/62 	 (8)	 <0.001
Remission at any time (%) 
(BVAS = 0, GC <10mg/d prednisolone)	 71/81 	(88)	 20/23 	(87)	 (50/62) 	 81	 0.097

BVAS: Birmingham Vasculitis Activity Score v3.

Fig. 1. Kaplan-Meier survival analysis showing 
relapse-free survival over 24 months observation 
period.
AAV: ANCA-associated vasculitis; GPA: granu-
lomatosis with polyangiitis; RTX: rituximab; 
RTX/CYC: combination rituximab and cyclo-
phosphamide; CYC-AZA: cyclophosphamide 
followed by azathioprine.
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remissions rates between the RTX, 
RTX/CYC and CYC-AZA groups af-
ter 6 months, 24% of the patients in 
the RTX group and 21% in the RTX/
CYC group achieved complete remis-
sion at 18 months, contrasting with 6% 
in the CYC-AZA group at 18 months 
(p=0.017) (Table II, Supplementary 
Fig. S1D).
Relapse rates were similar across all 
three treatment groups during the ob-
servation period over 24 months (Fig. 
1). However, subgroup analysis un-
veiled a lower risk of relapse in GPA 
patients treated with RTX alone com-
pared to combined RTX/CYC (HR: 
0.48, p=0.041) (Fig. 1), which was not 
observed in MPA patients (HR: 0.69, 
p=0.240) (Fig. 1). The relapse rate in 
patients with glomerulonephritis and 
with an eGFR<30 ml/min (severe renal 
involvement) receiving RTX therapy 
alone did not differ from that observed 

with RTX/CYC and CYC-AZA thera-
py (Supplementary Fig. S2, S3).
At baseline, the mean daily total pred-
nisolone dosage was higher in patients 
treated with CYC-AZA compared to 
RTX alone and combined RTX/CYC 
(p=0.002) (Fig. 2). Subgroup analysis 
showed that this was true for the group 
of GPA patients (p=0.014), while there 
was no difference in mean daily to-
tal prednisolone dosage between the 
three treatment groups at baseline in 
the MPA group (Fig. 2). Over the 24 
months observation period, the mean 
daily total prednisolone dosage was 
efficiently reduced in all three treat-
ment groups, with greater prednisolone 
dose reduction in the RTX and RTX/
CYC treatment groups compared to 
the CYC-AZA group at 12, 18 and 24 
months (p=0.027, p<0.001, p<0.001) 
(Fig. 2). Subgroup analysis showed a 
greater reduction in mean daily total 
prednisolone dosage in GPA patients 
treated with RTX or RTX/CYC com-
pared to CYC-AZA at 12, 18 and 24 
months (p=0.017, p<0.004, p<0.002) 
(Fig. 2). By contrast, greater reduction 
in mean daily total prednisolone dos-
age in MPA patients treated with RTX 
or RTX/CYC compared to CYC-AZA 
was not observed before month 24 
(p<0.009) (Fig. 2).
The number of AE did not differ be-
tween the three treatment groups, 
nor did the type event with respect to 
non-serious and serious infections and 
hypogammaglobulinemia (Table III). 

However, SAE due to life-threatening 
events or necessitating hospitalisation 
were more frequent in the group of pa-
tients treated with CYC-AZA compared 
to patients treated with RTX alone and 
combined RTX/CYC (CYC-AZA 48%, 
RTX 31%, RTX/CYC 43%; p=0.029) 
(Table III). Cancer was observed at 
similar rates with RTX, RTX/CYC and 
CYA-AZA therapy during the observa-
tion period (5%, 13%, 10%, p=0.272) 
(Table III) Fatal outcomes were rare 
during that time (RTX 2%, RTX/CYC 
0%, CYC-AZA 5%, p=0.438) (Table 
III).

Discussion
In this retrospective observational co-
hort study, induction therapy in pa-
tients with new-onset or relapsing 
organ- or life-threatening AAV with 
a combination of GC and either RTX 
alone or combined RTX/CYC, each 
followed by RTX maintenance therapy, 
or CYC-AZA was similarly effective in 
terms of achieving remission with con-
comitant GC therapy (GC ≤10 mg/d 
prednisolone) and the relapse rate. 
However, as primary outcome meas-
ure, complete remission defined as the 
absence of vasculitis activity with a 
BVAS of 0 and being off GC therapy 
was more often achieved with RTX 
alone and combined RTX/CYC thera-
py compared with CYC-AZA therapy 
after 12 and 24 months. RTX therapy 
alone was associated with a lower re-
lapse rate compared to combined RTX/

Fig. 2. Mean daily total prednisolone dosage 
over 24 months observation period.
AAV: ANCA-associated vasculitis; GPA: granu-
lomatosis with polyangiitis; MPA: microscopic 
polyangiitis; RTX: rituximab; RTX/CYC: com-
bination rituximab and cyclophosphamide; 
CYC-AZA: cyclophosphamide followed by aza-
thioprine.

Table III. Adverse events according to treatment regimen.

Events	 RTX	 RTX/CYC	 CYC-AZA	 p-value
	 n=81	 n=23	 n=62	

Grade 1-5 events	 			 
   Grade 1 or 2, n (%) 	 27 	(32)	 9 	(39)	 26 	(42)	 0.288
   Grade 3,4, or 5, n (%)	 28 	(35)	 9 	(39)	 21 	(34)	 0.173
   All, n (%)	 55 	(68)	 18 	(78)	 47 	(76)	 0.280

Serious events	 			 
   Events requiring hospitalisation 
   or life-threatening events, n (%)	 25 	(31)	 10 	(43)	 29 	(48)	 0.029
   Cancer, n (%)	 4 	(5)	 3 	(13)	 6 	(10)	 0.274
   Death, n (%)	 2 	(2)	 0		  3 	(5)	 0.438

Types of events	 			 
   Non-serious infections, n (%)	 27 	(34)	 0 	(39)	 26 	(45)	 0.315
   Serious infections, n (%)	 16 	(20)	 7 	(30)	 17 	(29)	 0.272
   Hypogammaglobulinemia, n (%)	 6 	(8)	 3 	(15)	 6 	(16)	 0.614

RTX: rituximab; RTX/CYC: combination rituximab and cyclophosphamide, each followed by RTX 
maintenance; CYC-AZA: cyclophosphamide followed by azathioprine.
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CYC in the subgroup of GPA patients. 
Moreover, RTX therapy alone was 
comparably effective to combined 
RTX/CYC and CYC-AZA therapy in 
terms of relapse in patients with severe 
renal disease (eGFR <30 ml/min; re-
nal biopsy demonstrating necrotizing 
glomerulonephritis and/or active urine 
sediment with glomerular haematuria, 
cellular casts, and proteinuria). Dis-
ease-specific pathomechanisms may 
thus be more consistently addressed by 
RTX through B cell depletion without 
additional benefit of CYC and in com-
parison, to CYC-AZA therapy.
Our real-world data are consistent with 
the so-far largest randomised con-
trolled trial which showed non-inferi-
ority of a combination of GC and RTX 
alone compared to CYC-AZA for re-
mission induction in AAV (RAVE trial) 
(10). A post-hoc analysis of the RAVE 
trial data also suggests similar efficacy 
of RTX and CYC-AZA for remission 
induction in the subgroup of AAV pa-
tients with renal involvement (14). 
However, patients with severe renal 
disease (creatinine >354 μmol/l) were 
excluded from the RAVE trial (10). 
The smaller RITUXVAS trial included 
such patients and showed similar effi-
cacy of GC and combined RTX/CYC 
or CYC-AZA therapy in AAV with 
renal involvement (11). Contrasting 
with the real-world treatment approach 
presented herein, RTX-based induc-
tion therapy was not followed by RTX 
maintenance in both of those landmark 
trials (10, 11). In our cohort, patients 
were assigned to recommended induc-
tion therapies at the physician’s discre-
tion. Preference for induction therapy 
changed over the observational period 
(2010-2019), with RTX-based induc-
tion therapy (RTX alone or combined 
RTX/CYC) followed by RTX mainte-
nance becoming increasingly preferred 
over CYC-AZA therapy. This trend 
may have influenced treatment group 
composition. Whereas a larger pro-
portion of MPA patients and patients 
with new-onset disease was found in 
the CYC-AZA treatment group, more 
patients with GPA and relapsing dis-
ease were found in the RTX alone and 
combined RTX/CYC therapy groups. 
Higher BVAS in the group of patients 

treated with combined RTX/CYC 
compared with those treated with RTX 
alone suggests selection bias, with pa-
tients with more severe disease being 
preferentially assigned to combined 
RTX/CYC therapy. Yet, creatinine con-
centrations were similar in both RTX-
based induction therapy groups and 
comparable to those of the CYC-AZA 
treatment group.
Outcomes for overall- and kidney 
survival are largely driven by renal 
involvement in AVV, with patients 
displaying severe renal impairment 
having the worst prognosis (3). While 
uncontrolled cohort studies suggest im-
proved responses and low relapse rates 
with combined RTX/CYC induction 
therapy followed by AZA maintenance 
therapy, randomised controlled studies 
comparing combined RTX/CYC ther-
apy with RTX alone for the induction 
of remission in AAV, including patients 
with severe renal involvement, have 
not been published so far (4). Current-
ly, combined RTX/CYC therapy versus 
RTX alone for remission induction, 
followed by tailored RTX maintenance 
therapy, is investigated in an open-
label phase 3 study (ENDURRANCE 
trial, NCT03942887). Our real-world 
retrospective observational cohort 
study suggests comparable efficacy 
of induction therapy with RTX alone 
compared with combined RTX/CYC 
and CYC-AZA therapy with respect to 
remission induction and relapse rates 
in AAV, including patients with severe 
renal disease with an eGFR lower than 
30ml/min. Complete remission was 
even more often achieved with RTX 
alone and combined RTX/CYC thera-
py compared with CYC-AZA therapy 
after 12 and 24 months. In support of 
our observation of a lack of benefit 
from the addition of CYC to RTX com-
pared to RTX therapy alone, efficacy 
of RTX alone induction therapy was 
shown in the ADVOCATE trial in AAV 
patients, including patients with severe 
renal disease (eGFR ³15 ml/min) (15). 
The ADVOCATE trial demonstrated 
superiority of the oral C5a receptor 
antagonist avacopan in comparison to 
GC with respect to sustained remission 
at week 52 in AAV treated with either 
RTX or CYC-AZA for the induction 

of remission. Moreover, avacopan 
improved the renal outcome (15). Of 
note, the observation period of our ret-
rospective study did not extend beyond 
the date of EU-approval of avacopan 
for the treatment of severe AAV (Janu-
ary 2022). Thus, data on avacopan 
treatment are not included in this study.
Overall, the rate of AE was compara-
ble in the three treatment groups in our 
study. Similar AE and SAE rates were 
reported for RTX-based therapies ver-
sus CYA-AZA therapy in the above 
mentioned randomized controlled tri-
als (10, 11). In our study, fewer relaps-
es occurred with RTX alone compared 
with combined RTX/CYC therapy in 
the subgroup of GPA patients during 
the observation period. SAE requiring 
hospitalization or due to life-threaten-
ing events were found more frequently 
in the CYC-AZA therapy group pos-
sibly due to a higher cumulative CYC 
dose compared with the RTX-based 
therapy regimen. Moreover, a greater 
reduction in the mean daily total pred-
nisolone dose was shown for the pa-
tient groups treated with RTX alone or 
RTX/CYC compared with those treat-
ed with CYC-AZA. However, this may 
be due to a general tendency aiming at 
reducing GC-doses during the observa-
tion period of this study. Moreover, we 
hypothesize that the reduced dose of 
GC can be a cumulative effect of sus-
tained remission following induction 
by RTX-based therapies.
Furthermore, RTX maintenance thera-
py may have contributed to improved 
GC-reduction and achieving complete 
remission more often following RTX 
alone and RTX/CYC induction thera-
py compared to CYC-AZA treatment, 
as RTX therapy has been shown to be 
superior to AZA therapy for remission 
maintenance in AAV (4). Intriguingly, 
despite higher concomitant mean daily 
prednisolone dosage with CYC-AZA 
therapy over the 24-months period, 
complete remission rates were higher 
in the groups of patients treated with 
RTX alone or combined RTX/CYC 
therapy after 12, 18 and 24 months. 
The strength of our study lies in the 
comparatively large size of the AAV 
cohort, non-preselected patient popu-
lation (unlike patients in randomised 



7Clinical and Experimental Rheumatology 2025

RTX in ANCA-associated vasculitis / K. von Allwörden et al.

controlled trials) and length of the lon-
gitudinal observation period. Our study 
provides real-world evidence on induc-
tion (RTX, RTX/CYC, CYC-AZA) 
and maintenance (RTX) therapy with 
respect to safety and effectiveness over 
24 months in patients with new-onset 
or relapsing organ- or life-threatening 
AAV. Limitations of our study are its 
retrospective observational design, 
monocentric character, and selection 
bias with non-random assignment of 
patients to RTX-based therapy, i.e., 
either RTX alone or combined RTX/
CYC, by the treating physician, and 
thus, unbalanced group sizes. Moreo-
ver, preference for induction therapy 
regimen changed over the observation-
al period, as outlined above, as did rec-
ommendations for GC-dosing (4, 5).
In conclusion, the present retrospective 
study suggests comparable efficacy of 
GC in combination with RTX alone 
and combined RTX/CYC therapy, fol-
lowed by RTX maintenance therapy, 
and CYC-AZA treatment for the in-
duction and maintenance of remission 
over 24 months in patients with AAV, 
including those with severe renal dis-
ease. Indirect evidence from the AD-
VOCATE trial (15) suggests added 
value of avacopan for GC-taper in 
combination with RTX alone, thus fur-
ther challenging the rationale of adding 
CYC to RTX for induction therapy in 
patients with severe AAV.
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