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Background and objectives: Ongoing randomized trials seek to validate the efficacy of rituximab as an induction agent for
anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV). However, no studies directly address the role of
rituximab as maintenance therapy.
Design, setting, participants, & measurements: This retrospective study reports the authors’ experience with continuous
rituximab administration in 39 patients in complete or partial remission at the time of rituximab initiation. All 39 patients had
at least 1 year of follow-up, and 20 had 2 years of follow-up.
Results: Disease activity, as measured by a modified Birmingham Vasculitis Activity Score, decreased from a median of 1
at baseline to 0 at 12 (P < 0.001) and 24 months (P ⴝ 0.02). Three patients experienced nonorgan-threatening flares during 708
patient-months of follow-up. Each flare occurred after at least 20 months of follow-up. The percentage of patients on cytotoxic
immunosuppression decreased from 87% at baseline to 41% at 12 months (P < 0.001) and 30% at 24 months (P ⴝ 0.002). The
percentage of patients on prednisone decreased from 92% at baseline to 59% at 12 months (P < 0.001) and 55% at 24 months
(P ⴝ 0.02). Two patients developed late-onset neutropenia; both responded to treatment with recombinant granulocyte
colony-stimulating factor.
Conclusions: The successful use of continuous anti-B cell therapy in patients with AAV in complete or partial remission is
reported. This extends the potential role of rituximab beyond induction to include maintenance therapy. However, more data
are required regarding the delayed adverse effects of rituximab.
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A

nti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) is a chronic, relapsing, and
systemic disease. Current evidence supports the use
of cytotoxic therapy (e.g., cyclophosphamide) in conjunction
with glucocorticoids for primary therapy of AAV (1,2). Maintenance of remission requires less toxic alternatives to cyclophosphamide, including azathioprine, methotrexate, mycophenolate mofetil, or leflunomide (3–5). Although this array of
treatment options has dramatically improved outcomes with
AAV, adverse effects related to these medications can arise as
competing concerns.
Increasing appreciation for the role of ANCA in AAV pathogenesis has been reinforced by the clinical efficacy of B cell
depletion using rituximab (6 –9). Rituximab is a chimeric monoclonal antibody directed against the B cell specific antigen
CD20 and is currently approved for the treatment of B cell
lymphoma and rheumatoid arthritis (10,11). Small studies of
rituximab in AAV have focused on patients with refractory
disease and have generally described high rates of remission
(12–18). Recently, a multicenter study of 65 patients with re-

fractory AAV demonstrated a 75% complete remission rate
with rituximab (19).
Interest in rituximab as a primary agent has motivated ongoing randomized clinical trials that include its use in the
treatment of newly diagnosed AAV, as well as refractory AAV.
In RITUXVAS, rituximab is added to an induction regimen that
includes cyclophosphamide, whereas in RAVE, it is compared
directly against cyclophosphamide (20). Full results of these
important trials are eagerly awaited.
As the efficacy of rituximab as initial or rescue therapy in
AAV continues to be defined, an open question remains regarding its role in maintenance of remission. Such an approach has
the potential to control disease activity and decrease the cumulative toxicity of other immunosuppressive agents. However,
little attention has been directed to this strategy thus far. In this
retrospective study, we report the continuous use of rituximab
in 39 patients in complete or partial remission at the time of
rituximab initiation. Specific attention is directed to disease
control, medication burden, and adverse effects with continuous anti-B cell therapy.
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We conducted a retrospective review of the electronic medical record
of all patients in our practice with AAV treated with rituximab. Study
inclusion required continuous therapy with rituximab for ⱖ1 year after
attainment of complete or partial remission. Patients receiving rituximab at initial diagnosis as primary therapy were excluded. All patients
were initiated on rituximab between April 2006 and September 2008.
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Disease activity was assessed using the Disease-Specific Activity Index
for Wegener’s Granulomatosis: Modification of the Birmingham Vasculitis Activity Score (BVAS/WG) (21). Complete remission was defined as a BVAS/WG of 0. Partial remission was defined as a
BVAS/WG ⱕ50% of the value at disease diagnosis. Disease flare was
defined as an increase in BVAS/WG of ⱖ2. Other data, collected at
baseline and at each rituximab infusion, included medications, complete blood counts, and ANCA titers. Flow cytometry to monitor B cell
clearance was followed approximately every 4 months. ANCA testing
was performed on-site and included indirect immunofluorescence and
ELISAs for anti-proteinase 3 (PR3) and anti-myeloperoxidase (MPO)
antibodies (22). For PR3, a titer ⱖ20 is considered positive. For MPO, a
titer ⱖ2.8 is considered positive.
Thirty-five of 39 patients were initiated on rituximab with two 1-g
doses given 2 weeks apart; the other four were given four weekly doses
of 375 mg/m2. Upon initiation, all patients were scheduled to receive a
single 1-g dose every 4 months. Thirty-three of 39 patients followed this
schedule without interruption. Five of 39 patients had at least one, but
no more than two, 6-month intervals between doses. One patient received two 0.5-g doses, 1 week apart, every 4 months. Each dose was
coadministered with 100 mg of intravenous hydrocortisone, 25 to 50 mg of
oral diphenhydramine, and 650 mg of oral acetaminophen. All patients
gave written, informed consent for the off-label use of rituximab. After
rituximab initiation, other immunosuppression was generally weaned at
4-month intervals as tolerated; specific decisions regarding immunosuppression withdrawal were individualized to each patient.
Statistical analyses were performed using JMP (version 8.01, Cary,
NC). Changes in median BVAS/WG scores and medication doses were
assessed using the Wilcoxon signed-rank test or Wilcoxon rank-sum
test, as appropriate. Changes in ANCA titers (log-transformed) were
assessed using the t test. Changes in the proportion of patients on
cytotoxic therapy and steroids were compared using McNemar’s test.
Statistical significance was set at P ⬍ 0.05.

Results
Study Population
Table 1 outlines the study population. Because of the uncertainties involved in subclassifying AAV, we did not assign
specific diagnoses of Wegener’s granulomatosis versus micro-
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scopic polyangiitis. However, 30 of the 39 patients did have
eye, ear, nose, sinus, or upper airway manifestations consistent
with Wegener’s granulomatosis. No patients had the Churg–
Strauss syndrome. All patients were ANCA positive at initial
diagnosis, 24 with a positive c-ANCA (anti-PR3) and 15 with a
positive p-ANCA (anti-MPO). The median BVAS/WG at the
time of AAV diagnosis was 5. At AAV diagnosis, 17 patients
had acute renal failure with biopsy evidence of GN and/or
erythrocyte casts on urine sediment. Disease duration before
starting rituximab varied widely, with a median of 67 months
(range 3 to 506 months) before initiation. At the time of rituximab initiation, median BVAS/WG was 1. Seventeen of 39
subjects were in complete remission at rituximab initiation
(BVAS/WG ⫽ 0); the remaining 22 subjects had BVAS/WG
values from 1 to 4. No subjects had organ-threatening disease at
the time of rituximab initiation.
The indications for rituximab initiation were heterogeneous
and overlapping (Table 2). For patients in partial remission, a
major indication was the persistence of nonorgan-threatening
symptoms despite high-dose maintenance immunosuppression. Examples included nasal or sinus complaints (n ⫽ 4)
and/or arthritis/arthralgias (n ⫽ 4). Eleven patients had limiting adverse effects of chronic prednisone use, including significant weight gain and/or cushingoid features (n ⫽ 5), worsening control of diabetes (n ⫽ 2), avascular necrosis (n ⫽ 2), and
osteoporotic fracture (n ⫽ 2). Five patients experienced doselimiting bone marrow toxicity with cytotoxic agents, including
macrocytic anemia with azathioprine (n ⫽ 3), neutropenia with
cyclophosphamide (n ⫽ 1), and pancytopenia with methotrexate (n ⫽ 1). Eight patients had a history of multiple flares on
maintenance therapy requiring repeated cycles of cyclophosphamide, including one patient with hemorrhagic cystitis.
Fourteen patients had rising or persistently elevated ANCA
titers—in most patients, this was accompanied by an additional
indication for rituximab initiation. Overall, each decision to use
rituximab represented an individualized decision reflecting the

Table 1. Baseline characteristics of the study sample
Characteristics

Complete Remission at
Rituximab Initiation

Partial Remission at
Rituximab Initiation

Combined

Number
Number with anti-PR3/anti-MPO
Median age (range)
Women (percent)
Median BVAS/WG at AAV diagnosis (range)
Median BVAS/WG at rituximab initiation (range)
Median duration before rituximab, months (range)
Number of relapses at rituximab initiation
0
1 to 2
⬎2
12 months of follow-up available
24 months of follow-up available

17
11/6
63 (25 to 87)
6 (35%)
5 (1 to 8)
0 (NA)
51 (3 to 282)

22
13/9
59.5 (39 to 88)
14 (64%)
4.5 (1 to 9)
2 (1 to 4)
71.5 (3 to 506)

39
24/15
60 (25 to 88)
20 (51%)
5 (1 to 9)
1 (1 to 4)
67 (3 to 506)

8
7
2
11
6

5
11
6
8
14

13
18
8
19
20

NA, not applicable.
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Table 2. Indications for initiation of rituximab
Indications

Persistent symptoms attributable to AAV
Cyclophosphamide dependence (with or without
symptoms)
Bone marrow toxicity
Steroid toxicity (e.g., weight gain, diabetes, avascular
necrosis, osteoporotic fracture)
Rising or persistently high ANCA
Othera

Complete Remission at
Rituximab Initiation
(n ⫽ 17)

Partial Remission at
Rituximab Initiation
(n ⫽ 22)

Combined

0
4

8
4

8
8

2
6

3
5

5
11

4
2

10
2

14
4

Other includes severe fatigue (n ⫽ 2), patient desire to wean oral immunosuppression (n ⫽ 1), and bacterial pneumonia on
cyclophosphamide and prednisone (n ⫽ 1).
a

patient’s disease control, immunosuppressive doses, adverse
effects attributable to immunosuppression, and patient preference.
All 39 patients had at least 1 year of follow-up, and 20
patients had at least 2 years of follow-up after the initiation of
rituximab. This constitutes 708 patient-months of follow-up,
spanning 253 administered doses of rituximab.

Clinical Outcomes
Continuous therapy with rituximab was associated with ongoing disease control. All patients achieved B cell depletion,
and remained B cell depleted throughout the course of the
study. Median BVAS/WG at initiation was 1, and was 0 at 4, 8,
and 12 months of follow-up (P ⬍ 0.001 for time 0 versus 12,
Figure 1). In the subset of 20 patients with 2 years of follow-up,
median BVAS/WG remained at 0 at 24 months (P ⫽ 0.02 for
time 0 versus 24). All 17 patients who were in complete remission at rituximab initiation (i.e., BVAS/WG ⫽ 0) remained in
complete remission at 12 months; at 24 months of follow-up, 5
of 6 patients (83%) remained in complete remission. Of the 22

Figure 1. Median BVAS/WG with rituximab treatment. Box plot
shows upper and lower quartiles; whiskers show maximum
values. *P ⬍ 0.05 compared with time 0.

patients who were in partial remission at initiation, 14 (64%)
were in complete remission at 12 months; at 24 months, 10 of 14
patients (71%) were in complete remission. No patients experienced organ-threatening disease activity, including no recurrence of GN.
Although most patients experienced control of disease activity, three patients had flares (defined as a rise in BVAS/WG of
ⱖ2) during continuous treatment with rituximab. One of these
patients had initiated rituximab while in complete remission.
He was able to wean completely off cyclophosphamide and
prednisone, but presented with tracheitis and bronchitis at 20
months. A second patient was in partial remission with a
BVAS/WG of 1 at the time of rituximab initiation. Although he
tolerated gradual cessation of mycophenolate mofetil, he experienced worsening arthritis and recurrent subglottic inflammation and otitis with prednisone withdrawal at 22 months. A
third patient experienced a rise in BVAS/WG from 2 to 4 at 23
months. This flare consisted of nasal crusting and sinusitis,
along with recurrent subglottic inflammation and a new lung
nodule. As with the second patient, this occurred with an
attempt to stop prednisone. Although ANCA titers were positive in all three patients at the time of flare, no appreciable rise
in ANCA titer was noted at the time of or in the months
preceding the flares. Furthermore, flow cytometry performed at
the time of disease flares demonstrated no detectable CD20positive B cells. Figure 2 shows the fall in ANCA titers across all
patients during the study period.
Disease control with the addition of rituximab facilitated the
withdrawal of other immunosuppressive agents. Figure 3 depicts the decrease in median doses of immunosuppressive medications at 0, 4, 8, 12, and 24 months (methotrexate is not
shown). Among the 39 patients with at least 1 year of followup, at time 0, 17 patients were on cyclophosphamide (median
dose 100 mg/d), 9 patients were on azathioprine (125 mg/d), 6
patients were on mycophenolate mofetil (2250 mg/d), and 2
patients were on methotrexate (23 mg/d). A total of 34 patients
(87%) were on some form of cytotoxic treatment. Thirty-six of
the 39 patients (92%) were on prednisone at a median dose of 10
mg/d; only 1 patient was not on any form of immunosuppres-

Clin J Am Soc Nephrol 5: 1394 –1400, 2010

Rituximab Maintenance for AAV

1397

mg/d), and no patients on methotrexate. A total of 23 patients
(59%, P ⬍ 0.001 compared with 92% at time 0) remained on
prednisone at a median dose of 5 mg/d. A total of 10 patients
(26%, P ⫽ 0.011 compared with 3% at time 0) were able to wean
completely off cytotoxic therapy and prednisone. Among the 20
patients with 2 years of follow-up, 6 patients (30%, P ⫽ 0.002
versus time 0) remained on cytotoxic therapy at 24 months and
11 patients (55%, P ⫽ 0.02 versus time 0) remained on prednisone; 8 of 20 patients (40%, P ⫽ 0.039 versus time 0) were
completely off cytotoxic therapy and prednisone. The dose of
prednisone at 24 months was not significantly different from
baseline, reflecting the decreased number of patients on prednisone and the intensified treatment of three patients with
clinical flares.

Adverse Events
Figure 2. Mean ANCA titers (log-transformed) with rituximab
treatment. Error bars show SEM. *P ⬍ 0.05 compared with time 0.
sion. At 12 months of follow-up, a total of 16 patients (41%, P ⬍
0.001 compared with 87% at time 0) remained on cytotoxic
therapy, with 3 patients on cyclophosphamide (25 mg/d), 10 on
azathioprine (88 mg/d), 3 on mycophenolate mofetil (1000

Rituximab infusions were generally well tolerated. One patient experienced fever, rigors, and hypotension several hours
after a 1-g infusion, requiring intensive care unit admission and
transient vasopressor support. No infection was identified, and
she has subsequently tolerated four 0.5-g infusions. One patient
developed cytomegalovirus colitis and viremia 1 month after
rituximab was added to her regimen of cyclophosphamide and
prednisone. Her infection cleared with a course of ganciclovir

Figure 3. Median medication doses with rituximab treatment. Box plot shows upper and lower quartiles; whiskers show maximum
and minimum values. *P ⬍ 0.05 compared with time 0.
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along with weaning of her oral immunosuppression (while
rituximab was continued). No other infections requiring hospitalization were identified. Late-onset neutropenia (LON) was
identified in two patients, both with absolute neutrophil counts
of 0 cells/L, although one episode occurred beyond the 2-year
follow-up period circumscribed by this study. This patient
presented with fever and neutropenia 3 months after her most
recent dose and 32 months after her first dose of rituximab. She
was also receiving mycophenolate mofetil at the time of neutropenia. A second patient presented with fever and neutropenia 4 months after her most recent dose and 18 months after her
first dose of rituximab. She was on no other cytotoxic medications at the time of neutropenia. For both patients, neutrophil
recovery occurred promptly with recombinant granulocyte colony-stimulating factor. No infection was identified in either
patient. Finally, because we did not monitor IgG levels in our
study, we are unable to comment on the incidence of hypogammaglobulinemia attributable to repeated rituximab administration.

Discussion
Untreated, AAV is a uniformly fatal disease (23). Fortunately,
current therapeutic options achieve high rates of remission and
dramatically improve the mortality associated with AAV (24).
Thus, to some extent, the practitioner’s focus has shifted to the
competing interests of longitudinal disease control and the
adverse effects of immunosuppression (25). Uncertainty about
how to weigh these risks translates into uncertainty regarding
how long patients should remain on maintenance therapy and
has highlighted the need for safer and more effective therapeutic options (24).
Rituximab, a chimeric monoclonal anti-CD20 antibody, has
emerged as a promising option in the management of AAV.
Several observational studies demonstrate the efficacy of B cell
depletion for refractory AAV (12–18). Efficacy has been demonstrated along several axes, including induction of clinical
remission, decreasing ANCA titers, and weaning of oral immunosuppression. Furthermore, experience across various autoimmune diseases suggests an acceptable toxicity profile (26).
Two ongoing randomized controlled trials seek to more rigorously define the efficacy of rituximab for the induction of
remission, either compared with cyclophosphamide (RAVE) or
in conjunction with cyclophosphamide (RITUXVAS). However,
as with the published case series, these studies will not directly
address the role of continuous rituximab as maintenance treatment.
The largest published series on the use of rituximab for
refractory AAV demonstrated complete remission in 49 of 65
patients (75%) (19). However, 28 of 49 patients (57%) who
achieved full remission experienced relapse at a median of 11.5
months. Twenty of 28 of these relapsing patients achieved
remission again with a second course of rituximab. Interestingly, one of the participating centers in this study implemented a strategy of “preemptive” re-treatment of 1 g every 6
months (i.e., in the absence of symptoms or reappearance of
circulating B cells). Fifteen patients at this center received at
least one preemptive course of rituximab, and no relapses
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occurred after a median follow-up of 11 months (range 5 to 23
months). These results suggest continuous therapy with rituximab might be a viable option for maintenance of remission.
In the study presented here, we report the initiation and
continuous administration of rituximab in 39 patients with
AAV who had already achieved complete or partial remission.
Follow-up was available in all patients for up to 1 year and for
20 patients for up to 2 years. Disease activity remained quiescent on rituximab, with only three clinical flares, each occurring
at or beyond 20 months of follow-up. Direct comparison with
other published series of B cell depletion in AAV is limited
because our cohort (by definition) had lower disease activity at
study onset. However, we believe the disease control achieved
is noteworthy given a total of 708 patient-months observed, and
because it was achieved despite the significant decrease of
other immunosuppressive medications. Indeed, the potential to
withdraw oral immunosuppression was a major rationale for
switching to rituximab in many patients. Across the 39 patients
included in this study, numerous drug-limiting side effects had
developed, including bone marrow suppression, cystitis, weight
gain, worsening diabetes, osteoporotic fracture, and avascular
necrosis. Although these side effects are not captured by disease activity indices like the BVAS/WG score or the Disease
Extent Index (27), they make significant contributions to patient
morbidity. At 1 year of follow-up, the percentage of patients
receiving cytotoxic therapy had decreased from 87% to 41%
(P ⬍ 0.001), the percentage of patients on prednisone had
decreased from 92% to 59% (P ⬍ 0.001), and the percentage of
patients able to wean completely off cytotoxic therapy and
steroids increased from 3% to 26% (P ⫽ 0.011). Furthermore,
dose reductions accompanied these decreases in pill burden.
Notably, we found that cessation of prednisone preceded all
three clinical flares. In general, we have found that complete
glucocorticoid withdrawal can be challenging, even in the context of quiescent disease. Several patients developed vague
symptoms such as fatigue, aches, and malaise with steroid
cessation, raising a differential diagnosis of mild secondary
adrenal insufficiency versus low-grade AAV—in each case,
symptoms resolved with reinitiation of low-dose prednisone.
To date, insufficient data remain regarding dosing and duration of steroid therapy in AAV (28). None of the clinical flares
were preceded by a rising ANCA titer or repopulation of
circulating B cells.
Although acute allergic and cytokine-mediated reactions
with rituximab infusions are well recognized and readily manageable, concerns remain regarding the scope of delayed adverse effects (29). Perhaps the most feared is progressive multifocal leukoencephalopathy, which has been reported with
rituximab in patients with systemic lupus erythematosus and
rheumatoid arthritis but not AAV (30). Hepatitis B reactivation
is another feared outcome (31) and has recently been reported
in a patient with AAV (18). To date, we have not identified
either complication in our practice. However, we do report two
cases of LON at 18 and 32 months of follow-up, respectively.
Both patients required hospitalization for fever and neutropenia, and both responded promptly to recombinant granulocyte
colony-stimulating factor. Jones et al. (19) also describe two
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cases of LON in patients with AAV after B cell depletion.
Although the incidence of LON in patients with hematologic
malignancies has been estimated to be as high as 35% within 1
year of starting rituximab (32), it is believed to be significantly
lower in patients with autoimmune diseases (33). However, one
study correlates the number of doses with the development of
LON, raising concern that repeated rituximab administration
will lead to a higher incidence of this complication despite
nononcologic indications (34). In our practice, we measure a
complete blood count with differential in all patients receiving
rituximab who develop a fever.
In summary, we report the successful use of continuous
anti-B cell therapy in patients with AAV in complete or partial
remission. Although conclusions about comparative efficacy
are restricted by the observational nature of the study, these
findings suggest a role for rituximab as maintenance therapy.
As with standard maintenance regimens, the optimal duration
of this approach remains unclear. Advantages to such an approach include attenuating the accumulated morbidity of disease relapses and medication toxicities. However, more data
are required regarding delayed adverse events before a thorough risk-benefit analysis can be performed.
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