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ORIGINAL ARTICLE

Analysis of treatment outcomes in patients with antineutrophil 
cytoplasmic antibody-associated vasculitis on rituximab therapy

Tsvetelina Yoneva1, Yana Zdravkova1, Georgi Kotov1, Ekaterina Ivanova Todorova2,
Georgi Vasilev2, Rasho Rashkov1, Ivan Sheytanov1

ABSTRACT

Objectives: This study aimed to analyze a group of patients with severe and refractory antineutrophil cytoplasmic antibody (ANCA)-associated 
vasculitis (AAV) managed with rituximab and to report on treatment outcomes.
Patients and methods: A total of 78 patients (41 females, 37 males; mean age: 50.1±13.4 years; range, 18 to 76 years) with AAV on rituximab 
treatment were included in the single-center, retrospective study conducted between 2009 and 2018. The diagnosis was established based on 
the 1990 classification criteria of the American College of Rheumatology and the definitions of vasculitis of Chapel Hill Consensus Conference. 
Laboratory and immunological tests were conducted. Disease activity was determined through the Birmingham Vasculitis Activity Score.
Results: Rituximab was preferred over cyclophosphamide in 37 patients and used as a second-line therapy after cyclophosphamide in 41 cases. 
Rituximab treatment showed favorable outcomes with regard to serum creatinine levels, proteinuria, and hematuria, as well as in cases of isolated 
lung involvement. Nearly half of patients with pulmonary renal syndrome also improved, with 22.2% achieving remission. ANCAs were positive in 
85.9% of patients at the onset of rituximab treatment and became negative in 82% of the positive cases. Adverse events were rare and included 
infusion reactions (one case of reactivation of a herpes zoster infection and one case of allergic reaction).
Conclusion: Rituximab is an efficient and safe therapeutic option in patients with AAV who are difficult to treat, have insufficient response, or have 
not tolerated other treatments.
Keywords: Antineutrophil cytoplasmic antibodies, rituximab, vasculitis.

Antineutrophil cytoplasmic antibody 
(ANCA)-associated vasculitides (AAVs) are 
multisystem autoimmune diseases characterized 
by the necrotizing inflammation of small 
blood vessels and the presence of circulating 
autoantibodies directed against antigens found 
in the cytoplasm of neutrophils, such as ANCA, 
as well as various organ manifestations.1,2 AAVs 
include three main types: granulomatosis with 
polyangiitis (GPA), also known as Wegener’s 

granulomatosis, microscopic polyangiit is 
(MPA), and eosinophilic granulomatosis with 
polyangiitis, also known as Churg-Strauss 
syndrome. At present, several treatment 
regimens exist depending on AAV severity. 
For more than 40 years, the combination 
of cyclophosphamide and corticosteroids was 
considered the standard therapy for remission 
induction in generalized and systemic forms 
of AAV.3-5 Recently, the treatment of AAV 
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has been the subject of multiple studies and 
analyses aimed at improving disease evolution 
and prognosis over time.3-5 The introduction of 
B cell-targeting therapy for remission induction 
represents a significant advance in the treatment 
of these vasculitides and improved prognosis, 
particularly in patients with refractory disease 
and those who cannot have cyclophosphamide 
administered.6,7 Rituximab is a chimeric 
monoclonal antibody targeting CD (cluster of 
differentiation) 20, a surface molecule present 
on mature B cells, which decreases both 
the percentage and the absolute number of 
circulating B cells, as well as those found in 
granulomas.8,9 The aim of the present study 
was to analyze a group of patients with severe 
and refractory AAV managed with rituximab 
and report on treatment outcomes.

PATIENTS AND METHODS

A total of 78 patients (41 females, 37 males; 
mean age: 50.1±13.4 years; range, 18 to 76 years) 
with AAV were included in the single-center, 
retrospective study conducted at the Clinic of 
Rheumatology at University Hospital ‘St. Ivan 
Rilski’ between 2009 and 2018. The diagnosis 
was established based on the 1990 classification 
criteria of the American College of Rheumatology 
(ACR) and the definition of vasculitis of the 
Chapel Hill Consensus Conference.1,10 Patients 
with severe and refractory AAV were included 
based on the diagnosis of GPA or MPA and 
needed to have received at least one treatment 
course of rituximab. The cases that had not 
achieved remission after at least six months 
of treatment with cyclophosphamide were 
considered refractory AAV. Patients with a 
concomitant autoimmune rheumatic disease and 
patients with any type of cancer were excluded 
from the study.

Study procedures

Laboratory tests were obtained retrospectively. 
They had been conducted at the time of diagnosis 
and before the onset of treatment with rituximab 
in the hospital’s clinical and immunological 
laboratory. They were used to determine disease 
activity (complete blood count with differential 
blood count, erythrocyte sedimentation rate, and 
C-reactive protein), as well as systemic involvement 

and severity (creatinine, urea, liver enzymes, urine 
sediment, proteinuria, and creatinine clearance). 
The presence of ANCA was demonstrated through 
indirect immunofluorescence on ethanol-fixed 
neutrophils and confirmed through enzyme-linked 
immunosorbent assay for antibodies against 
proteinase-3 (anti-PR3) and myeloperoxidase 
(anti-MPO). Demographic, clinical, and laboratory 
data were collected at the time of the diagnosis and 
were followed up at six-month intervals. Disease 
activity was determined through the Birmingham 
Vasculitis Activity Score (BVAS).11 All patients 
received rituximab therapy over varying periods 
of time as they received a different number 
of treatment courses. One treatment course 
represented a total of four intravenous infusions of 
rituximab at a dose of 375 mg/m2, administered 
once a week for four consecutive weeks.

Statistical analysis

The data were analyzed with IBM SPSS 
version 28.0 software (IBM Corp., Armonk, NY, 
USA). A descriptive analysis was conducted based 
on groups of one or several characteristic features 
and the summative indices relative share and 
mean. We also performed a diagnostic analysis 
to test for statistically significant difference 
in empirically calculated relative shares. The 
obtained results were further confirmed with 
alternative assessments of the empirical levels of 
significance (Clopper-Pearson method), which do 
not depend on the traditional assessments based 
on approximations. The obtained means of the 
investigated clinical and laboratory features were 
also analyzed; the reported differences were tested 
for statistical significance through parametric 
tests (t-test). For assessment of the level of given 
empirical characteristic features, we used levels 
based on the assumptions of the distribution of 
the tested features. The level of significance was 
set at p<0.05.

RESULTS

In all patients, the diagnosis was confirmed 
by histopathological findings from appropriately 
obtained material: biopsy from nasal mucosa 
(n=13), tissue obtained through bronchoscopy 
(n=13), renal biopsy (n=48), and skin and muscle 
biopsy (n=6). The main characteristic features 
of our patients are shown in Table 1. The mean 
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BVAS was 17.4. The highest reported BVAS 
before treatment onset was 30.

Analysis of treatment regimens

A retrospective analysis of the treatment 
regimens used in the respective number of patients 
is presented in Table 2. The primary reason for 
choosing rituximab over cyclophosphamide in 
patients previously treated with other agents 
and treatment modalities (corticosteroids, 
methotrexate, mycophenolate mofetil, intravenous 
immunoglobulin, and plasmapheresis) was rapidly 
progressive kidney damage (RPKD) at the time of 
diagnosis in 17 (45.9%) patients. The second most 
common reason was the presence of relapsing or 
difficult-to-treat infections in five (13.5%) patients 
or contraindications for cyclophosphamide 
therapy, such as coronary artery disease with 
previous myocardial infarction and heart failure.

Cyclophosphamide was most often replaced 
with rituximab due to an insufficient treatment 
outcome and a persistence of disease activity 
in 27 (65.9%) patients. The second most 
common reason was disease relapse once an 

improved condition was reported following 
cyclophosphamide therapy in six (14.6%) patients. 
In the other patients, adverse events had been 
reported over the course of cyclophosphamide 
therapy (pancytopenia in three [7.3%] patients, 
thrombotic events in three patients, and elevated 
liver enzymes in two [4.9%] patients). Additionally, 
in the three patients in whom rituximab was 
replaced with cyclophosphamide, two were due to 
lack of effect and one due to disease relapse while 
on rituximab.

Organ involvement was another factor 
influencing the choice of treatment. Of all 
patients treated with rituximab without preceding 
cyclophosphamide therapy, 14 (37.8%) 
had multiple organ involvement (kidney in 
particular), 12 (32.4%) had involvement of two 
organ systems, eight (21.6%) of three, two 
(5.4%) of four, and one (2.7%) of five organ 
systems. Cyclophosphamide therapy followed by 
rituximab treatment was most often conducted 
in patients with multiple organ involvement 
(78%); eight (19.5%), 13 (31.7%), 10 (24.4%), 
and one (2.4%) patient had involvement of two, 

Table 3. Analysis of organ involvement

Arthritis Skin Eyes Upper airways Lung Kidney Nervous system

RIT (n=37) 13 5 3 12 15 27 2

RIT after CYC (n=41) 14 12 4 21 30 28 7

RIT: Rituximab; CYC: Cyclophosphamide.

Table 2. Analysis of treatment regimens

Treatment regimen n %

Therapy administered before rituximab
Corticosteroids
Cyclophosphamide
Mycophenolate mofetil
Intravenous immunoglobulin
Methotrexate
Plasmapheresis

78
41
9
8
4
4

100
52.6
11.5
10.3
5.1
5.1

Therapy administered after rituximab
Corticosteroids and immunosuppresant (azathioprine)
Cyclophosphamide

75
3

96.2
3.8

Number of rituximab courses
One
Two
Three
Four or more

19
27
15
17

24.4
34.6
19.2
21.8
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three, four, and five organ systems, respectively 
(Table 3).

Analysis of organ involvement

An analysis of organ involvement of 
patients treated with rituximab revealed that 
those managed with rituximab only most often 
had kidney involvement, while those treated 
with cyclophosphamide followed by rituximab 
more often had features of lung and kidney 
involvement (Table 3). In terms of BVAS, patients 
who had at least one major renal manifestation 
(hematuria, a rise in serum creatinine of at 
least 30%, and renal biopsy findings consistent 
with glomerulonephritis) without other organ 
manifestations constituted 38.46% of all patients. 
Furthermore, 14.10% only had manifestations of 
lung involvement such as nodules, cavitations, 
infiltrates, pleurisy, and alveolar hemorrhage. 
Pulmonary renal syndrome (PRS) was reported in 
39.73%. Remission was achieved in 17 (21.8%) 
patients.

Of patients with renal vasculitis treated with 
rituximab (a total of 62 patients), 44 (71%) 
had proteinuria, 54 (88%) had hematuria, and 
51 (82.3%) had RPKD. The highest number of 
patients was reported in the group with advanced 
(Stage 4) kidney damage (18 [29%] patients), and 
initial (Stage 1) kidney damage was observed in 
17 (27.4%) patients. The mean value of serum 
creatinine was 310.1 µmol/L. The mean value 
of proteinuria was 1.32 g/L. In this group of 
isolated kidney involvement, we noted a good 
treatment outcome; 25.8% improved, and 4.8% 
achieved remission. Survival rates were also high 
in this group, with only two deceased patients. 
In two-third of cases, serum creatinine levels 
showed a tendency to decrease after rituximab 
treatment; in one-third, it reached normal levels. 
In one-third of cases, creatinine levels did not 
improve. Over the course of rituximab treatment, 
four patients started chronic dialysis treatment. In 
addition, two-third of patients with proteinuria had 
favorable treatment outcomes (one-third had no 
significant proteinuria after rituximab treatment, 
and one-third had a decrease in the level of 
proteinuria). One-third of patients, however, had 
no change in the level of proteinuria. Finally, 
favorable outcomes were achieved with regard 
to hematuria; half of our patients did not have 
hematuria after rituximab treatment.

Forty-two (53.8%) patients treated with 
rituximab had features of lung involvement. 
Thirty (38.5%) cases had granulomatous 
inflammation, while 12 (15.4%) had vasculitic 
manifestations. Furthermore, 12.8% of patients 
had isolated lung involvement, 5.1% had isolated 
pulmonary vasculitis, and 6.4% had cavitations. 
After rituximab treatment, more than half of 
patients with lung involvement (58.3%) achieved 
remission; this was a statistically significant 
difference (p=0.0000) compared to other organ 
manifestations. In addition, 25% improved, and 
there were no deceased patients. Of the four 
patients with isolated pulmonary vasculitis, one 
achieved remission, one improved, and two were 
stabilized. Of the five patients with cavitations, 
three achieved remission, one improved, and 
one had no improvement from the conducted 
treatment.

In addition, 25.6% of patients had PRS. 
Almost half of them (48.6%) improved after 
rituximab treatment, and in 22.2%, full remission 
was achieved. However, that was also the group 
with the highest number of deceased patients 
(5.6%).

Analysis of ANCA presence

Of patients included in the present study, 
85.9% had ANCA before the onset of rituximab 
treatment. The mean value of ANCA was 
8.32 times higher than the reference range. 
We noted that 50.7% of ANCA-positive 
patients improved after rituximab treatment. 
The percentage of improved ANCA-negative 
patients was 50%. Of 67 ANCA-positive 
patients treated with rituximab, only 12 (17.9%) 
remained positive, while in the remaining 
82.1%, ANCAs were reported as negative. Of 
the 12 ANCA-positive patients, five (41.7%) 
had anti-MPO, and four (33.3%) had anti-
PR3; in three cases, ANCA specificity was not 
examined. Of patients without immunological 
response, two had clinical improvement; the 
other 10 patients did not improve clinically. 
Furthermore, our analysis of antibody types 
revealed that treatment outcomes were more 
favorable in patients positive for anti-PR3, 
where a larger portion improved or achieved 
remission (Figure 1). The group of patients 
positive for anti-MPO featured a higher number 
of stabilized patients and deceased patients 
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(Figure 2). These differences, however, were 
not statistically significant.

Analysis of disease relapse and mortality

Of the patients included in the present 
study, eight (10.3%) had disease relapse 
despite improvement after initial administration 
of rituximab and while being on rituximab 
maintenance therapy. Of them, four (50%) 
had GPA with anti-PR3 antibodies, and four 
had MPA with anti-MPO antibodies. In three 
patients, antibody positivity was reported before 
disease relapse. All these patients had additional 
therapy with low-dose corticosteroids; one 
patient also took azathioprine. A total of four 
patients died throughout the follow-up period 
owing to infections and uncontrolled disease 
activity. The analysis of deceased patients is 
presented in Table 4.

Analysis of adverse events over the 
course of rituximab treatment

The most frequent adverse events reported 
herein (apart from intercurrent infections of the 
upper airways, lungs, and kidneys) were general 
malaise after infusion in six (7.7%) patients, an 
allergic reaction in one (1.3%) patient, reactivation 
of herpes zoster infection in one patient, and 
weight loss in one patient.

DISCUSSION

The successful management of AAV 
has remained a challenging task. Multiple 
immunomodulatory and immunosuppressive 
agents have been used in the therapy of these usually 
severe vasculitides, including mycophenolate 
mofetil,12-14 methotrexate,15 plasmapheresis,16 and 
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Figure 1. Analysis of major treatment outcomes 
(improvement, remission, and death) in anti-PR3-positive 
patients.
RIT: Rituximab; CYC: Cyclophosphamide.
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Figure 2. Analysis of major treatment outcomes 
(improvement, remission, and death) in anti-MPO-positive 
patients.
RIT: Rituximab; CYC: Cyclophosphamide.

Table 4. Analysis of deceased patients on rituximab treatment

Patient 1 Patient 2 Patient 3 Patient 4

Diagnosis GPA MPA GPA MPA

Disease evolution (month) 6 24 16 15

Age (year) 46 51 44 35

Organ involvement Upper airways, eyes, 
lungs, kidneys

Lungs, kidneys Skin, upper airways, 
eyes, lungs, kidneys

Lungs, kidneys

Rituximab treatment courses 1 1 1 2

Cause of death Infection, 
disease activity

Infection Disease activity Disease activity

Period between last rituximab dose and death 
occurrence (month)

4 1 6 10

GPA: Granulomatosis with polyangiitis; MPA: Microscopic polyangiitis.
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intravenous immunoglobulin.17 The available data 
on groups of patients treated with rituximab in the 
literature include more than 250 patients.6,7,18-22 

In the present study, we included and analyzed 
a total of 78 patients. We found that the most 
frequent reason for substituting cyclophosphamide 
with rituximab was the insufficient therapeutic 
outcome and persistent disease activity. The 
second most common reason was disease 
relapse after initial improvement achieved with 
cyclophosphamide therapy. The adverse events 
of cyclophosphamide therapy that necessitate 
a change in therapy and are reported herein 
include pancytopenia, elevated liver enzymes, 
and thrombotic events. Most often, rituximab was 
started as a first-line therapy without preceding 
use of cyclophosphamide in younger patients 
and in case of RPKD at the time of diagnosis, 
which is consistent with previous reports.7,18 
Other common reasons included relapsing or 
difficult-to-treat infections or contraindications 
for cyclophosphamide therapy, such as coronary 
artery disease with previous myocardial infarction 
and heart failure.

The results of the present study reveal that the 
number of patients who improved or achieved 
remission was significantly higher than those 
with a stabilized disease, worsening disease, 
or the deceased. Furthermore, our data show 
that rituximab treatment has a positive impact 
on all renal symptoms (serum creatinine levels, 
proteinuria, and hematuria) and a favorable 
treatment outcome in patients with isolated lung 
involvement. These findings support the earlier 
observations of Stone et al.6 In addition, nearly 
half of patients with PRS improved with rituximab, 
and remission was achieved in more than one-
fifth; however, that was the group with the highest 
percentage of deceased patients.

As a whole, 21.8% of all patients included 
in the present study who were treated with 
rituximab had a very good response to the therapy 
and achieved full remission, which is a smaller 
percentage compared to data from the German 
registry, where full remission was achieved in 
40% of cases.20 Full remission was achieved more 
often in other previous reports: 63% of cases 
as described by Stone et al.,6 and a remarkable 
75% (12 out of 16 cases of previously refractory 
AAV) as reported by Wendt et al.22 Improvement 
or partial remission was observed in 50% of our 

patients, which is similar to the number reported 
in the German registry (52.7%).20 Contrasting 
results were noted in the study of Holle et al.23 
in patients with GPA refractory to previously 
conducted therapy, where remission was achieved 
in 9.3% of cases, while a favorable treatment 
outcome was documented in 61.3% of cases.

Comparing the two treatment strategies 
(rituximab without cyclophosphamide and 
rituximab as a second-line therapy after 
cyclophosphamide), we found that rituximab 
on its own yielded clinical improvement in 
a higher percentage of patients with GPA 
and MPA. However, clinical remission was 
more often achieved in patients treated with 
cyclophosphamide prior to rituximab therapy. 
These findings support the results of the RAVE 
(Rituximab in ANCA-Associated Vasculitis) trial, 
along with those reported by previous studies, 
which concluded that rituximab was not superior 
to cyclophosphamide in terms of efficacy in the 
treatment of severe AAV; however, it may be 
superior in relapsing disease.6,7,19 In addition, a 
similar outcome and safety profile was reported 
when comparing the two treatment regimens 
in AAV with renal involvement.24 The current 
treatment recommendations outlined by the 
ACR favor rituximab over cyclophosphamide for 
remission induction, as well as in cases of disease 
relapse in subjects who had not previously 
received rituximab.25

Rituximab’s main therapeutic action stems 
from its impact on B cells, which leads to B cell 
depletion. According to the data of Jones et 
al.,7,19 all patients become ANCA negative after 
rituximab treatment. These data differ from the 
results of Stone et al.,6 who reported that only 
47% became ANCA negative after treatment; 
the number was a bit higher for patients with 
anti-PR3 (50% of whom became negative), 
while of those with anti-MPO, 40% became 
negative. Comparing these reports with the 
findings in the present study, we noted a few 
differences. 85.9% of our patients were ANCA-
positive before the onset of rituximab treatment. 
Following treatment, ANCA became negative in 
82%. Of the remaining ANCA-positive patients 
(12 in total), five (41.7%) had anti-MPO, four 
(33.3%) had anti-PR3, and in three patients, 
ANCA specificity was not examined. Of patients 
without immunological response, two had clinical 
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improvement; the other 10 patients did not 
improve clinically, which indicates that clinical 
activity correlated with immunological activity in 
patients with AAV included in the present study. 
These findings do not support the data from the 
study of Stone et al.,6 where ANCA becoming 
negative was not associated with remission 
achievement.

A recent study reported several important 
clinical and histopathological associations 
affecting outcomes in AAV.26 The authors found 
that ear, nose, and throat involvement was 
more frequent in anti-PR3-positive subjects, while 
anti-MPO-positive ones presented with more 
severe proteinuria, higher serum creatinine levels, 
and lower estimated glomerular filtration rate. 
Furthermore, they established that a five factor 
score (FFS) >2 at diagnosis was associated with 
presence of poor histopathological findings, such 
as crescentic, mixed, and sclerotic lesions on renal 
biopsy, gastrointestinal involvement, anti-MPO, 
and a decline in annual estimated glomerular 
filtration rate. It is worth noting that this study 
found that a higher serum creatinine level was 
the most important predictor factor for renal 
prognosis in AAV.

When analyzing antibody types, we found 
that a more favorable treatment outcome was 
observed in anti-PR3-positive patients (a higher 
portion of these patients either improved or 
achieved remission) than in anti-MPO-positive 
patients (where the number of stabilized and 
deceased patients was higher). According to 
the data from the GRAID (German Registry of 
Autoimmune Disease) published in 2012, out 
of 58 patients treated with rituximab, only four 
(6.9%) died, which is comparable to the number 
of deceased patients reported in the present study 
(four out of 78 [5.13%]).20

Disease relapse was reported in eight patients 
who improved after the initial administration of 
rituximab or who had rituximab maintenance 
therapy; four were diagnosed with GPA and were 
positive for anti-PR3, and four were diagnosed 
with MPA with positive anti-MPO. In three 
patients, antibodies became positive before the 
relapse. Adverse events documented over the 
course of rituximab treatment were rare; we had 
six patients with adverse infusion reactions, one 
patient with the reactivation of a latent herpes 
zoster infection, and one patient with an allergic 

reaction. These data are consistent with those 
reported in previous studies.6,7,19,20

There are several limitations to our study 
that should be noted. First, the number of 
patients was relatively low, and the duration of 
treatment and follow-up differed. Second, the 
treatment regimen and concomitant therapy 
did not follow a given protocol but were subject 
to the decision of the respective attending 
physician and the patient’s overall condition. 
Third, the patients included in the present 
study were enrolled from a single center. 
Finally, patient inclusion was based on the 
choice of treatment, which had sometimes been 
limited by the cost of therapy.

In conclusion our results confirmed that 
rituximab treatment in patients with AAV 
leads to clinical improvement, and it was well 
tolerated in the examined cohort. These data 
further support the use of rituximab as an 
efficient therapeutic option in patients who 
are difficult to treat, have not improved from 
previous treatments, or have not tolerated 
other treatments. The outcome of rituximab 
treatment is favorable with regard to lung and 
kidney involvement, as well as multiple organ 
involvement. Its impact on ANCA is better than 
the impact of other treatment regimens previously 
used in clinical practice. ANCA becoming 
negative following administration of rituximab 
is associated with a clinical improvement; the 
efficiency of rituximab appears to be higher in 
anti-PR3-positive patients.
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