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BACKGROUND

The combination of cyclophosphamide and glucocorticoids leads to remission in most
patients with antineutrophil cytoplasm antibody (ANCA)–associated vasculitides. However, even when patients receive maintenance treatment with azathioprine or methotrexate, the relapse rate remains high. Rituximab may help to maintain remission.
METHODS

Patients with newly diagnosed or relapsing granulomatosis with polyangiitis, microscopic polyangiitis, or renal-limited ANCA-associated vasculitis in complete
remission after a cyclophosphamide–glucocorticoid regimen were randomly assigned 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 activity or worsening, with a Birmingham Vasculitis Activity Score >0, and involvement
of one or more major organs, disease-related life-threatening events, or both).
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RESULTS

The 115 enrolled patients (87 with granulomatosis with polyangiitis, 23 with microscopic polyangiitis, and 5 with renal-limited ANCA-associated vasculitis) received 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 patients 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 rituximab 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).

Copyright © 2014 Massachusetts Medical Society.

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.)
n engl j med 371;19
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G

ranulomatosis with polyangiitis
(formerly called Wegener’s granulomatosis), microscopic polyangiitis, and renallimited antineutrophil cytoplasm antibody
(ANCA)–associated vasculitides are the main
ANCA-associated vasculitis variants.1 Although
these entities differ in their pathogenesis, genetics,
and serotypes, severe forms of ANCA-associated
vasculitis share several clinical features and currently have similar treatments.2-6 A staged therapeutic strategy that combines glucocorticoids and
cyclophosphamide to induce remission has dramatically improved survival over the past few decades, but with frequent early and late side effects.
The results of two trials (RAVE and RITUXVAS)
showed that rituximab was not inferior to daily
oral or pulse intravenous cyclophosphamide for
the induction of complete remission by 6 months
and was associated with similar rates of adverse
events.3,4
The maintenance of remission remains a major challenge.7,8 In two previous studies of maintenance therapy, continuous cyclophosphamide
treatment was compared with azathioprine2 and
azathioprine was compared with methotrexate
(WEGENT trial).5 The relapse rates in the former
study were 13.7% in the cyclophosphamide group
and 15.5% in the azathioprine group, at 18 months
after diagnosis; in the latter study, the rates of
relapse were 36% in the azathioprine group and
33% in the methotrexate group after a mean follow-up of 29 months after remission. In the RAVE
study,3 patients in rituximab-induced remission
received no maintenance therapy, and those in
cyclophosphamide-induced remission took azathioprine; at 18 months, the rates of relapse —
32% and 29%, respectively — and severity of disease flares were similar between the groups.9
Although the results of several retrospective
studies have suggested that maintenance therapy
with successive rituximab infusions for ANCAassociated vasculitides could be effective,10,11 this
approach has not yet been thoroughly evaluated.
We conducted a nonblinded, randomized, controlled trial to compare systematic rituximab
infusions and azathioprine, the standard-of-care
therapy for remission maintenance in patients
with granulomatosis with polyangiitis, microscopic polyangiitis, or renal-limited ANCA-associated vasculitis who are in remission after pulse
cyclophosphamide–glucocorticoid induction therapy. We used a lower rituximab dose than that
1772
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recommended to maintain remission of rheumatoid arthritis,12 hypothesizing that this rituximabbased maintenance regimen would be more effective than and at least as safe as azathioprine.

Me thods
Study Oversight

This trial, Maintenance of Remission using
Rituximab in Systemic ANCA-associated Vasculitis (MAINRITSAN), was designed by the two
coprincipal investigators (the first and second
authors), who also drafted and wrote the manuscript, with input as appropriate from coauthors
and investigators at other sites (see the Supplementary Appendix, available with the full text of
this article at NEJM.org). The Hôpital Cochin
Comité de Protection des Personnes (Paris) approved the study, which received legal, monitoring, and administrative management support
from the Assistance Publique–Hôpitaux de Paris
and was funded by the French Ministry of Health.
The site investigators gathered the data, which
were analyzed by the data analysis committee;
the committee did not include representatives from
Hoffmann–La Roche, which provided some of the
rituximab for the study. Hoffmann–La Roche was
not involved in or consulted about the study design, did not review the manuscript, and did not
have access to the data or provide any other support for the study.
Patients

Eligible patients were 18 to 75 years of age and
had newly diagnosed or relapsing granulomatosis with polyangiitis, microscopic polyangiitis, or
renal-limited ANCA-associated vasculitis in complete remission after combined treatment with
glucocorticoids and pulse cyclophosphamide.
Patients had to be ANCA-positive at diagnosis or
during the course of their disease; have histologically confirmed necrotizing small-vessel vasculitis
with a clinical phenotype of granulomatosis with
polyangiitis, microscopic polyangiitis, or renallimited ANCA-associated vasculitis; or both.13
Remission was defined as a Birmingham
Vasculitis Activity Score, version 3 (BVAS), of 0
(scores range from 0 to 63, with higher scores
indicating more active disease).13 Patients who
had previously received rituximab or another form
of biologic therapy were excluded. All patients
provided written informed consent.
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Treatment Protocol

Remission-induction therapy included prednisone
(starting at 1 mg per kilogram of body weight
per day, followed by gradual tapering), preceded
in some patients by methylprednisolone “pulses”
(500 to 1000 mg daily for 1 to 3 consecutive days),
and “pulse” cyclophosphamide (0.6 g per square
meter of body-surface area on days 0, 14, and 28,
then 0.7 g per square meter every 3 weeks for
three to six additional pulses) until remission was
attained, after 4 to 6 months. At that time, and
within a maximum of 1 month after the last cyclophosphamide pulse, eligible patients were
enrolled and randomly assigned, in a 1:1 ratio,
to receive maintenance therapy with rituximab
or azathioprine. Patients were assigned to groups
centrally through computer-generated randomization, and randomization was stratified according to the disease-flare category, so that patients
with relapsing disease would not exceed one third
of the total enrollees. The patients, site investigators, and members of the data analysis committee were aware of the treatment assignments.
During the month after the last cyclophosphamide pulse, patients in the experimental (rituximab) group received intravenous rituximab (at a
fixed 500-mg dose) on days 0 and 14 after randomization, and then at months 6, 12, and 18 after
the first infusion. Patients in the control (azathioprine) group took azathioprine at a dosage
of 2 mg per kilogram per day for 12 months, and
then 1.5 mg per kilogram per day for 6 months
and 1 mg per kilogram per day for 4 months. In
addition, prednisone treatment was further tapered and then kept at a low dose (approximately
5 mg per day) for at least 18 months after randomization. Prednisone dose tapering and the decision to stop prednisone treatment after month 18
were left to each site investigator’s discretion.
All patients were followed until month 28
(10 or 6 months, respectively, after the last
rituximab infusion or azathioprine dose). Pneumocystis jiroveci pneumonia prophylaxis (400 mg
of sulfamethoxazole and 80 mg of trimethoprim
per day or pentamidine aerosolizations for patients allergic to sulfa drugs) was required for
all patients with CD4+ T-lymphocyte counts less
than 250 per cubic millimeter. The full protocol
is available at NEJM.org.

at month 28 after randomization. At each study
visit, the BVAS was recorded.13 Patients were also
asked to record their study medications weekly
with the use of specifically designed diaries.
Blood samples were collected from all patients
at each study visit. Serum samples were tested
for ANCA by means of indirect immunofluorescence and tested for anti–proteinase 3 ANCA and
antimyeloperoxidase ANCA with an enzymelinked immunosorbent assay at randomization
and then every 3 months until trial completion
at month 28. Serum immunoglobulin levels were
measured at inclusion, day 14, and months 6, 12,
18, 24, and 28, along with CD19+ B-lymphocyte
counts for patients in the rituximab group.
End Points

The primary end point was the percentage of patients with major relapse (reappearance or worsening of disease with a BVAS >0 and involvement
of at least one major organ, a life-threatening
manifestation, or both) at month 28. Secondary
end points included rates of minor relapse (reappearance or worsening of disease with a BVAS
>0, not corresponding to a major relapse but requiring mild treatment intensification), rates of
adverse events and their severity, and mortality.
Relapses were initially graded by each patient’s
site investigator; they were then reassessed and
validated by the data committee, which included
the two coprincipal investigators, as well as the
second-to-last author and others from the Centre d’Epidémiologie Clinique, Hôpital Hôtel-Dieu,
Paris. Adverse events were graded according to the
Common Terminology Criteria for Adverse Events,
version 3.0.14 Severe events were adverse events of
grade 3 or 4, deaths (from any cause; grade 5),
cancers, side effects necessitating hospitalization,
or infusion reactions that contraindicated further infusions.
Statistical Analyses

At 28 months after remission, the cumulative
rate of major relapse in the WEGENT study was
approximately 40%.5 We hypothesized that rituximab would limit the number of major relapses
at month 28 by an absolute difference of 25 percentage points. Under the assumption of 5% exclusion or dropout rates, with 80% statistical
power and a two-sided alpha risk of 0.05, a total
Study Assessments
of 118 patients had to be enrolled in the trial.
Study visits were scheduled at enrollment, week 2,
Data were analyzed without knowledge of treatmonth 3, and every 3 months until the end point, ment assignments. Analyses were based on the
n engl j med 371;19
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intention-to-treat principle for all patients except
those who were included inappropriately or who
withdrew their consent to participate early in the
study. Quantitative variables were compared with
the use of Student’s t-test or the Wilcoxon ranksum test, and categorical variables were analyzed
with two-by-two tables or Fisher’s exact test.
Kaplan–Meier curves of the probability of remaining free of relapse were plotted for each treatment
group, censored at death if it occurred before a
relapse, and compared by means of a marginal
Cox model stratified by disease type (newly diagnosed vs. relapsing disease). The bias-corrected
and accelerated method was used to calculate a
bootstrap confidence interval for the number
needed to treat.15

R e sult s
Patients at Randomization

Between October 2008 and June 2010, a total of
118 patients were enrolled in the study (Fig. 1).
Three patients were excluded within 2 weeks after
inclusion — 2 were not in remission, and 1 withdrew consent. The remaining 115 patients (58 in
the azathioprine group and 57 in the rituximab
group) (Table 1, and Table S1 in the Supplementary Appendix) included 87 with granulomatosis
with polyangiitis, 23 with microscopic polyangiitis, and 5 with renal-limited ANCA-associated
vasculitis; 92 were in remission after a first disease flare, and 23 were in remission after a relapse.
Induction treatment before enrollment included prednisone, at an initial mean (±SD) daily dose
of 66.3±13.1 mg, and cyclophosphamide, with a
total of 6.9±1.9 pulses and a mean cumulative
dose of 7095±2341 mg. At remission, obtained after a mean of 4.6±2.8 months, and randomization,
the mean daily prednisone dose was 17.6±7.3 mg.
None of these treatment characteristics differed
significantly between study groups.
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lapse required changes to their immunosuppressive therapy, including prednisone-dose increases,
according to investigators’ best medical judgment.
Eight patients in the azathioprine group had a
relapse within the first 12 months of maintenance
therapy (at 2 mg per kilogram per day), and 2 patients had a relapse between months 12 and 22;
the remaining 7 relapses occurred after azathioprine treatment was stopped, between months 24
and 28. One patient in the rituximab group had
a relapse at month 8, and the 2 others had a relapse after the last infusion, 1 at month 22 and
1 at month 24. Two of the 17 patients with a
major relapse in the azathioprine group and none
of the 3 patients with a major relapse in the
rituximab group had discontinued prednisone
before their relapse. Eight of the 17 patients in
the azathioprine group, but none of the 3 patients
in the rituximab group, had renal involvement
when their major relapse occurred. Seventeen of
the 20 patients with a major relapse had granulomatosis with polyangiitis, and 15 had newly diagnosed vasculitis.
Minor relapses occurred in nine patients in
the azathioprine group (16%) and six patients in
the rituximab group (11%) (P = 0.43). Four patients
in the azathioprine group had a minor relapse
within the first 12 months of maintenance therapy, three between months 12 and 22 and the last
two after azathioprine treatment was stopped.
Six patients in the rituximab group had minor
relapses before their last infusion, at months 6,
7, 12, 15, and 17, with the last at month 25. All
relapses resolved with topical glucocorticoid treatment (for episcleritis or rhinitis) or transient increases in prednisone dose.
Figure 2 shows Kaplan–Meier curves for the
probability of remaining free of major and global
(major and minor) relapse. Descriptions of relapses and subgroup analyses are available in
Tables S2 and S3 and Figures S1 through S4 in
the Supplementary Appendix.

Study End Points

1774

Relapses

Severe Adverse Events

At month 28, major relapse had occurred in 17
patients in the azathioprine group (29%) and in
3 patients in the rituximab group (5%) (hazard
ratio, 6.61; 95% confidence interval [CI], 1.56 to
27.96; P = 0.002). Hence, to avoid one major relapse,
4 patients (95% CI, 3 to 9) had to be treated with
systematic rituximab infusions rather than with
azathioprine. All patients who had a major re-

All the severe events are shown in Table 2, and
Table S4 in the Supplementary Appendix. Severe
infections developed in 8 patients in the azathioprine group (14%) and in 11 patients in the rituximab group (19%); some of these patients had
normal immunoglobulin levels. Two patients in
the azathioprine group, both with newly diagnosed granulomatosis with polyangiitis, died dur-
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118 Patients were enrolled

3 Were excluded before wk 2
1 Withdrew consent
2 Did not meet inclusion
criteria (not in remission)

115 Patients in remission underwent randomization
for maintenance treatment according to the
disease-flare category

57 Were assigned to receive rituximab
(500 mg on days 0 and 14 and
months 6, 12, and 18)
47 Had granulomatosis with polyangiitis
8 Had microscopic polyangiitis
2 Had renal-limited ANCA-associated
vasculitis

58 Were assigned to receive azathioprine
(2 mg/kg/day until month 12, then
1.5 mg/kg/day until month 18 and
1 mg/kg/day until month 22)
40 Had granulomatosis with polyangiitis
15 Had microscopic polyangiitis
3 Had renal-limited ANCA-associated
vasculitis

45 Had a new diagnosis
12 Had relapsing disease

47 Had a new diagnosis
11 Had relapsing disease

17 Had a major relapse before
month 28
2 Died before month 28
(1 after a major relapse)

3 Had a major relapse before
month 28

57 Were included in analysis and
evaluated for end point at month 28

58 Were included in analysis and
evaluated for end point at month 28

Figure 1. Randomization and Inclusion in the Analysis at Month 28.
Patients were randomly assigned, in a 1:1 ratio, to receive rituximab or azathioprine maintenance therapy. Randomization was stratified according to disease-flare category. The study groups were balanced with respect to vasculitis
and antineutrophil cytoplasm antibody (ANCA)–labeling pattern and specificity. Three patients were excluded very
early in the study (1 withdrew consent on the day of inclusion, and 2 were not in remission and therefore did not
satisfy the main eligibility criterion). The remainder and majority of patients (58 in the azathioprine group and 57 in
the rituximab arm) completed the 28 months of the trial and were included in the final analysis.

ing the study. The first, a man 62 years of age,
had vasculitis-related aortic-valve involvement and
was in remission after six cyclophosphamide pulses (cumulative dose, 4450 mg). At month 8 of
azathioprine treatment, he had a major relapse,
including recurrent aortic-valve disease, with negative blood cultures and a neutrophil count of
5290 per cubic millimeter. He received methylprednisolone pulses and continued azathioprine
treatment, but he died from sepsis 2 weeks later
(blood cultures were then positive for Escherichia
coli). The second patient, a woman 55 years of age,
was in remission after nine cyclophosphamide
pulses (cumulative dose, 8820 mg). At month 21
n engl j med 371;19

of azathioprine treatment, a pancreatic lesion was
found on a serial computed tomography scan of
the chest and abdomen, along with metastatic
liver and vertebral lesions. She started chemotherapy but died 6 months later from cancer
progression.
Immunoglobulin Levels, ANCA, and CD19+ B-cell
Counts

No significant between-group differences or decreases in total immunoglobulin, IgG, or IgM
levels were observed throughout the trial (Fig. S5
in the Supplementary Appendix). Thirteen of the
17 patients in the azathioprine group (76%) who
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Table 1. Demographic, Clinical, and Biologic Characteristics of the Patients According to Treatment Group.*
Azathioprine Group
(N = 58)

Variable

Rituximab Group
(N = 57)

Total
(N = 115)

P Value

Age — yr

56±14

54±13

55±13

0.33

Female sex — no. (%)

30 (52)

20 (35)

50 (43)

0.07

Granulomatosis with polyangiitis (Wegener’s)

40 (69)

47 (82)

87 (76)

Microscopic polyangiitis

15 (26)

8 (14)

23 (20)

3 (5)

2 (4)

5 (4)

Newly diagnosed

47 (81)

45 (79)

92 (80)

Relapsing

11 (19)

12 (21)

23 (20)

Ear, nose, and throat

41 (71)

48 (84)

89 (77)

0.08

Pulmonary involvement

38 (66)

33 (58)

71 (62)

0.40

ANCA-associated vasculitis type — no. (%)

0.22

Renal-limited ANCA-associated vasculitis
Disease status — no. (%)

0.78

Organ involvement at diagnosis or last flare — no. (%)

Alveolar hemorrhage

11 (19)†

9 (16)

20 (18)†

0.62

Renal involvement

41 (71)

40 (70)

81 (70)

0.95

At disease flare

53.8±35.4

72.0±46.7

62.9±42.3

0.06

At inclusion

59.4±29.7

68.3±29.3

63.9±29.7

0.08

Neurologic involvement — no. (%)

19 (33)

23 (40)

42 (37)

0.40

Cardiac involvement — no. (%)

15 (26)

10 (18)

25 (22)

0.28

Cutaneous involvement, mucosal involvement, or both — no. (%)

22 (38)

20 (35)

42 (37)

0.75

Indirect immunofluorescence-labeling pattern

54 (93)

54 (95)

108 (94)

0.99

ELISA

53 (91)

53 (93)

106 (92)

0.99

Indirect immunofluorescence labeling pattern

39/56 (70)

29/54 (54)

68/110 (62)

0.08

ELISA

23/53 (43)

26/54 (48)

49/107 (46)

0.62

Cumulative cyclophosphamide dose

6901±2395

7291±2290†

7095±2341

0.38

Initial daily prednisone dose at diagnosis or flare

64.8±12.9

67.9±13.1

66.3±13.1

0.20

Daily prednisone dose at remission§

16.3±6.6

18.9±7.7

17.6±7.3

0.06

GFR — ml/min/1.73 m2

ANCA-positive at diagnosis or last flare — no. (%)

ANCA-positive at inclusion (remission) — no./total no. (%)‡

Induction treatment (until remission or randomization) — mg

*	Plus−minus values are means ±SD. Categorical data were compared with the use of two-by-two tables or Fisher’s exact test; continuous data
were analyzed with Student’s t-test or the Wilcoxon rank-sum test. ANCA denotes antineutrophil cytoplasm antibody, ELISA enzyme-linked
immunosorbent assay, and GFR glomerular filtration rate (calculated according to the Modification of the Diet in Renal Disease equation).
†	Data were missing for one patient.
‡	Indirect immunofluorescence data were missing for five patients, and ELISA data were missing for eight patients.
§	For details of prednisone use during the trial, see Figure S6 in the Supplementary Appendix.

had major relapses were ANCA-positive at relapse.
None of the 3 patients in the rituximab group
who had a major relapse, including the 2 who were
positive for anti–proteinase 3 ANCA at relapse,
had CD19+ B-cell reconstitution at the time of
their relapse.
1776
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Discussion
In the present study, rituximab was superior to
azathioprine at maintaining remission of ANCAassociated vasculitis; this was especially true for
granulomatosis with polyangiitis, which was the
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A
Rituximab
500-mg infusion
Azathioprine
(mg/kg/day)

2

1.5

1

100
Rituximab

90

Probability of Remaining Free
of Major Relapse (%)

Figure 2. Kaplan–Meier Curves for the Probability
of Remaining Free of Relapse According to Treatment
Group.
Patients were randomly assigned to receive maintenance therapy with rituximab (500 mg on days 0 and
14 and then months 6, 12, and 18 after the first infusion [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 relapse after randomization. The hazard ratio for major
relapse for patients in the azathioprine group, as compared 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 randomization. The hazard ratio for major or minor relapse in patients in the azathioprine group, as compared with rituximab recipients, was 3.53 (95% CI,
1.49 to 8.40; P = 0.01).

80
70

Azathioprine

60
50
40
30
20
10
0

0

2

4

6

8

10 12 14 16 18 20 22 24 26 28

Months since Randomization
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Rituximab
Azathioprine

57 57 57 57 56 56 56 56 56 56 56 56 54 52 39
58 58 55 54 53 53 50 50 48 48 48 47 44 41 33

B
Rituximab
500-mg infusion
Azathioprine
(mg/kg/day)

1.5

2

1

100
Rituximab

90

Probability of Remaining Free
of Major or Minor Relapse (%)

condition seen in most of the study population.
Our data also show that successive 500-mg infusions of rituximab, given every 6 months up to
month 18 after remission, were not associated with
more frequent severe adverse events than azathioprine.
Although previous studies of ANCA-associated
vasculitides identified effective remission-induction treatments,6,16-18 the best strategy for maintaining 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 every 6 months. The 6-month interval between infusions was chosen somewhat arbitrarily but was
based on reported B-cell reconstitution and relapses 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 induction or maintenance of remission in other conditions, such as rheumatoid arthritis. We opted for
this dose because enrolled patients were in remission — 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 autoimmune diseases have also suggested that lower
rituximab doses, as compared with the higher
ones considered to be conventional, could achieve
similar efficacy.21-24

No. at Risk

80
70
60
Azathioprine

50
40
30
20
10
0

0

2

4

6

8

10 12 14 16 18 20 22 24 26 28

Months since Randomization
No. at Risk
Rituximab
Azathioprine

57 57 57 57 54 54 53 53 52 51 51 51 50 47 36
58 56 52 51 50 50 47 47 44 43 43 42 36 35 30

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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Table 2. Severe Adverse Events According to Treatment Group.*

Severe Adverse Event

Azathioprine
Group
(N = 58)

Rituximab
Group
(N = 57)

no. of events
Infection

8

11

Bronchitis

0

3

Tuberculosis

0

1

Pneumonia with respiratory distress

1

2

Pneumocystis jiroveci pneumonia

0

1

Bacterial endocarditis

1

0

Atypical mycobacterial infection

1

0

Prostatitis

1

0

Herpes zoster infection

1

1

Cholecystitis

1†

0

Septicemia

1‡

0

Esophageal candidiasis

0

1

Infectious diarrhea

1§

2¶

Cancer
Pancreas

2

1

1‡

0

Prostate

0

1

Basocellular carcinoma

1

0

Hematologic event

9

1

Anemia

1

0

Leukopenia

6

0

Lymphopenia

1

1

Thrombocytopenia
Other‖

1

0

25

26

*	There were 44 severe adverse events in the azathioprine group and 45 in the
rituximab group. A total of 25 patients in each treatment group had at least
1 severe adverse event.
†	The patient underwent a cholecystectomy.
‡	The patient died.
§	The infectious diarrhea was caused by Campylobacter jejuni.
¶	The infectious diarrhea in one of the patients was caused by C. jejuni.
‖	See Table S4 in the Supplementary Appendix for details.

could have masked a difference with rituximab.
However, the rate of major relapse in the rituximab group (5%) was also lower than hypothesized, and the observed difference in efficacy
reached significance. One possible explanation
for these lower relapse rates in both study groups
is the long-term use, for at least 18 months after
remission, of low-dose prednisone treatment. Although the results of a meta-analysis of several
international trials suggested that longer-term,
low-dose glucocorticoid use could be associated
1778
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with fewer relapses, determination of the risks and
benefits — especially with regard to infection —
of long-term, low-dose prednisone treatment requires further examination in a prospective,
controlled study.25,26
In the RAVE trial, the induction of remission
with rituximab, without any maintenance agent,
had no clear safety benefit at 18 months as compared with staged cyclophosphamide–azathioprine treatment.9 The present maintenance study,
involving repeated rituximab infusions or azathioprine treatment, yielded similar rates of adverse events, including infections. Whether the
much lower rituximab doses helped to limit the
frequencies of adverse events and infections remains unclear. There was no difference between
the groups in their plasma total immunoglobulin,
IgG, and IgM levels, and changes in these levels
did not differ significantly between groups. The
persistence of long-lived plasma cells, not affected by rituximab, may have contributed to these
findings. The risk of infection in rituximab recipients may depend more on characteristics of
the patient and the usually combined glucocorticoid treatment and not only on the cumulative
rituximab dose.27,28 Whereas long-term and repeated rituximab administration appears safe in
the treatment of rheumatoid arthritis,12 such longterm data are not yet available for patients with
ANCA-associated vasculitis, who are exposed to
more potent immunosuppressive regimens. One
patient treated with rituximab had P. jiroveci pneumonia develop, which underscores the recommendation that sulfamethoxazole and trimethoprim
prophylaxis be used independently of the CD4+
T-lymphocyte count.
The present trial has certain limitations. It
was not blinded, and there were fewer patients
with antimyeloperoxidase ANCA–positive vasculitis, microscopic polyangiitis, or renal-limited
disease than with anti–proteinase 3 ANCA–
positive vasculitis or granulomatosis with polyangiitis, thereby potentially limiting the generalizability of our findings to all ANCA vasculitides.
Second, prednisone tapering after month 18, when
the dose is 5 mg per day or lower, and the decision
to discontinue it were left to each site investigator’s discretion. However, only 2 of 20 patients
with a major relapse had stopped prednisone treatment before the relapse.
By prolonging azathioprine maintenance until month 22, we aimed to compensate for the
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likely longer action of rituximab after the last
infusion at month 18, thereby limiting possible
bias that favored rituximab. However, we also
used a gradual tapering scheme for azathioprine
between months 12 and 22. Whether azathioprine at such “subtherapeutic” doses is less effective than at higher doses in patients who had been
in sustained remission for at least 12 months is
unknown. The major-relapse rate after azathioprine dose reduction was not higher than before
dose reduction (8 relapses during the first 12
months of treatment and 2 relapses between
months 12 and 22), and both were higher than for
rituximab recipients. Importantly, several major
relapses (7 of 17 in the azathioprine group and
2 of 3 in the rituximab group) occurred after
treatment with the trial maintenance drugs was
stopped, which is similar to what was observed in
previous studies of maintenance.5,29,30 After only
28 months of follow-up, no firm conclusions can
be drawn as to the sustained efficacy of rituximab
in the longer term and the reasons for rituximab
failure in patients who had a relapse.
In conclusion, the between-group differences
in relapse rate observed at month 28 in this trial
showed that 500-mg rituximab infusions administered every 6 months were superior to azathioprine as maintenance therapy for ANCA-associated vasculitides, at least for patients positive for
anti–proteinase 3 ANCA. Rituximab use for maintenance in those patients was found to have a
clear clinical benefit in our study. Further studies are warranted for patients with antimyeloperoxidase ANCA–positive vasculitis.
Supported by a grant from the Programme Hospitalier de
Recherche Clinique, French Ministry of Health (2008-002846-51).
Dr. Guillevin reports receiving fees for serving on an advisory
board from GlaxoSmithKline and lecture fees from Roche, Acte-

lion, Pfizer, CSL Behring, LFB Pharma, and Octapharma. Dr.
Pagnoux reports receiving fees for serving on advisory boards
from Roche, Genzyme, and GlaxoSmithKline, lecture fees from
Roche, Bristol-Myers Squibb, and EuroImmune, and grant support from Roche. Dr. Karras reports receiving lecture fees from
Roche and travel support from Roche and Amgen. Dr. Khouatra
reports receiving lecture fees from Novartis, Actelion, and Pfizer. Dr. Maurier reports receiving personal fees from Actelion
and travel support from Sobi and LFB Pharma. Dr. Decaux reports receiving fees for serving on advisory boards from Celgene
and Sebia, lecture fees from Janssen-Cilag, Celgene, Siemens,
The Binding Site, Octapharma, and Sebia, travel support from
Janssen-Cilag, Celgene, Siemens, The Binding Site, LFB Pharma,
Octapharma, GlaxoSmithKline, Sebia, and Chugai, and study
drugs/reagents from Janssen-Cilag, Celgene, Siemens, and The
Binding Site. Dr. Ninet reports receiving personal fees and travel
support from GlaxoSmithKline and Actelion. Dr. Gobert reports
receiving personal fees from Gambro and LEO Pharma. Dr.
Quéméneur reports receiving travel support from Merck Sharp &
Dohme, Alexion, and Actelion. Dr. Blanchard-Delaunay reports
receiving personal fees from CSL Behring. Dr. Godmer reports
receiving travel support from Octapharma, LFB Pharma, Roche,
and Novartis. Dr. Carron reports receiving travel support from
Gambro, Bellco, Roche, Hemotech, and Sanofi. Dr. Limal reports receiving travel support from GlaxoSmithKline. Dr. Hamidou reports receiving lecture fees from Roche and LFB Pharma,
personal fees from Actelion, and travel support from Roche,
Actelion, LFB Pharma, and GlaxoSmithKline. Dr. Ducret reports
receiving personal fees from Fresenius Medical Care. Dr. Daugas reports receiving lecture fees and travel support from Shire,
Amgen, and Genzyme, and grant support from Roche. Dr. Bonnotte reports receiving grant support from Roche/Chugai. Dr.
Mahr reports receiving fees for serving on an advisory board
from ChemoCentryx, lecture fees from Roche, travel support from
LFB Pharma and Merck Sharp & Dohme, and grant support
from CSL Behring. Dr. Mouthon reports receiving grant support
from LFB Pharma, CSL Behring, Octapharma, Roche, Pfizer,
and Actelion, and travel support from LFB Pharma, CSL Behring,
Actelion, and Octapharma; he also holds a patent related to an in
vitro method of detecting vasculitis (FR0951205). No other potential conflict of interest relevant to this article was reported.
Disclosure forms provided by the authors are available with
the full text of this article at NEJM.org.
We thank Elodie Perrodeau for the statistical analyses; Séverine Poignant, Emilie Vaillant, and Adèle Bellino from the Clinical Research Unit, INSERM CIC P 0901, Cochin University Hospital (Assistance Publique–Hôpitaux de Paris, Université Paris
Descartes, Paris) for trial monitoring and handling, preparation, and submission of all required research ethics and regulatory documents; and Janet Jacobson for editorial assistance.

Appendix
The authors’ full names and academic degrees are as follows: Loïc Guillevin, M.D., Christian Pagnoux, M.D., M.P.H., Alexandre Karras, M.D., Ph.D., Chahera Khouatra, M.D., Olivier Aumaître, M.D., Ph.D., Pascal Cohen, M.D., François Maurier, M.D., Olivier Decaux, M.D., Ph.D., Jacques Ninet, M.D., Pierre Gobert, M.D., Thomas Quémeneur, M.D., Claire Blanchard‑Delaunay, M.D.,
Pascal Godmer, M.D., Xavier Puéchal, M.D., Ph.D., Pierre‑Louis Carron, M.D., Pierre‑Yves Hatron, M.D., Ph.D., Nicolas Limal, M.D.,
Mohamed Hamidou, M.D., Ph.D., Maize Ducret, M.D., Eric Daugas, M.D., Ph.D., Thomas Papo, M.D., Bernard Bonnotte, M.D.,
Ph.D., Alfred Mahr, M.D., Ph.D., Philippe Ravaud, M.D., Ph.D., and Luc Mouthon, M.D., Ph.D., for the French Vasculitis Study Group
The authors’ affiliations are as follows: the Département de Médecine Interne, Hôpital Cochin, Université Paris Descartes, Sorbonne Paris Cité, INSERM Unité 1016, Centre de Référence pour les Maladies Auto-immunes Rares (L.G., C.P., P.C., X.P., A.M.,
L.M.), Unité de Néphrologie, Hôpital Européen Georges-Pompidou, Université Paris Descartes (A.K.), Hôpital Bichat, Université
Paris Diderot, Service de Néphrologie, INSERM Unité 699, Département Hospitalo-Universitaire FIRE (E.D.) and Département de
Médecine Interne (T.P.), and Centre d’Epidémiologie Clinique, Hôpital Hôtel-Dieu, Université Paris Descartes, INSERM Unité 738
(P.R.), Assistance Publique–Hôpitaux de Paris, Paris, Service de Pneumologie, Centre de Référence pour Maladies Pulmonaires
Rares, Hôpital Universitaire Louis Pradel (C.K.), and Service de Médecine Interne, Hôpital Edouard Herriot (J.N.), Lyon, Centre
Hospitalier Universitaire, Hôpital Gabriel Montpied, Clermont-Ferrand (O.A.), Service de Médecine Interne, Hôpitaux privés de
Metz, Metz (F.M.), Département de Médecine Interne, Hôpitaux Universitaires de Rennes, Hôpital Sud, Université Rennes I, IGDR–
UMR 6290, Rennes (O.D.), Service de Médecine Interne et Néphrologie, Hôpital Général Henri Duffaut, Avignon (P. Gobert),

n engl j med 371;19

nejm.org

November 6, 2014

The New England Journal of Medicine
Downloaded from nejm.org at HSD on January 13, 2015. For personal use only. No other uses without permission.
Copyright © 2014 Massachusetts Medical Society. All rights reserved.

1779

Rituximab vs. Azathioprine for Vasculitis

Département de Néphrologie and Département de Médecine Interne, Centre Hospitalier de Valenciennes, Valenciennes (T.Q.), Service de Médecine Interne, Centre Hospitalier Général de Niort, Niort (C.B.-D.), Département de Médecine Interne, Centre Hospitalier Bretagne Atlantique de Vannes, Vannes (P. Godmer), Service de Néphrologie, Dialyse et Transplantation, Centre Hospitalier
Universitaire de Grenoble, Grenoble (P.-L.C.), Service de Médecine Interne, Centre National de Référence de la Sclérodermie Systémique, Hôpital Claude Huriez, Université Lille Nord de France, Centre Hospitalier Universitaire de Lille, Lille (P.-Y.H.), Service de
Médecine Interne, Centre de Référence Labellisé pour la Prise en Charge des Cytopénies Auto-immunes de l’Adulte, Hôpital Henri
Mondor, Assistance Publique–Hôpitaux de Paris, Créteil (N.L.), Département de Médecine Interne, Centre Hospitalier Universitaire
Hôtel-Dieu, Nantes (M.H.), Département de Néphrologie, Hôpital d’Annecy, Annecy (M.D.), Service de Médecine Interne et
d’Immunologie Clinique, Centre Hospitalier Universitaire de Dijon, Université de Bourgogne, IFR100, Dijon, and INSERM, UMR
1098, Besançon (B.B.) — all in France; and the Department of Rheumatology, Mount Sinai Hospital, Toronto (C.P.).

References
1. Jennette JC, Falk RJ, Bacon PA, et al.
2012 Revised International Chapel Hill
Consensus Conference Nomenclature of
Vasculitides. Arthritis Rheum 2013;
65:
1-11.
2. Jayne D, Rasmussen N, Andrassy K, et
al. A randomized trial of maintenance
therapy for vasculitis associated with antineutrophil cytoplasmic autoantibodies.
N Engl J Med 2003;349:36-44.
3. Stone JH, Merkel PA, Spiera R, et al.
Rituximab versus cyclophosphamide for
ANCA-associated vasculitis. N Engl J Med
2010;363:221-32.
4. Jones RB, Tervaert JW, Hauser T, et al.
Rituximab versus cyclophosphamide in
ANCA-associated renal vasculitis. N Engl
J Med 2010;363:211-20.
5. Pagnoux C, Mahr A, Hamidou MA, et
al. Azathioprine or methotrexate maintenance for ANCA-associated vasculitis. N
Engl J Med 2008;359:2790-803.
6. de Groot K, Harper L, Jayne DR, et al.
Pulse versus daily oral cyclophosphamide
for induction of remission in antineutrophil cytoplasmic antibody-associated vasculitis: a randomized trial. Ann Intern
Med 2009;150:670-80.
7. Sanders JS, Slot MC, Stegeman CA.
Maintenance therapy for vasculitis associated with antineutrophil cytoplasmic autoantibodies. N Engl J Med 2003;
349:
2072-3.
8. Holle JU, Gross WL, Latza U, et al.
Improved outcome in 445 patients with
Wegener’s granulomatosis in a German
vasculitis center over four decades. Arthritis Rheum 2011;63:257-66.
9. Specks U, Merkel PA, Seo P, et al. Efficacy of remission-induction regimens
for ANCA-associated vasculitis. N Engl J
Med 2013;369:417-27.
10. Clain JM, Specks U. S1. Rituximab for
ANCA-associated vasculitis: the experience in the United States. Presse Med
2013;42:530-2.
11. Cartin-Ceba R, Golbin JM, Keogh KA,
et al. Rituximab for remission induction
and maintenance in refractory granulomatosis with polyangiitis (Wegener’s):
ten-year experience at a single center. Arthritis Rheum 2012;64:3770-8.
12. van Vollenhoven RF, Emery P, Bing-

1780

ham CO III, et al. Long-term safety of
rituximab in rheumatoid arthritis: 9.5year follow-up of the global clinical trial
programme with a focus on adverse
events of interest in RA patients. Ann
Rheum Dis 2013;72:1496-502.
13. Flossmann O, Bacon P, de Groot K, et
al. Development of comprehensive disease assessment in systemic vasculitis.
Postgrad Med J 2008;84:143-52.
14. Common Terminology Criteria for
Adverse Events version 3.0 (CTCAE). 2006
(http://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/ctcaev3.pdf).
15. Carpenter J, Bithell J. Bootstrap confidence intervals: when, which, what? A
practical guide for medical statisticians.
Stat Med 2000;19:1141-64.
16. Fauci AS, Katz P, Haynes BF, Wolff
SM. Cyclophosphamide therapy of severe
systemic necrotizing vasculitis. N Engl J
Med 1979;301:235-8.
17. Guillevin L, Cordier JF, Lhote F, et al.
A prospective, multicenter, randomized
trial comparing steroids and pulse cyclophosphamide versus steroids and oral cyclophosphamide in the treatment of generalized Wegener’s granulomatosis.
Arthritis Rheum 1997;40:2187-98.
18. De Groot K, Rasmussen N, Bacon PA,
et al. Randomized trial of cyclophosphamide versus methotrexate for induction of
remission in early systemic antineutrophil cytoplasmic antibody-associated vasculitis. Arthritis Rheum 2005;52:2461-9.
19. Jones RB, Ferraro AJ, Chaudhry AN, et
al. A multicenter survey of rituximab
therapy for refractory antineutrophil cytoplasmic antibody-associated vasculitis.
Arthritis Rheum 2009;60:2156-68.
20. Roubaud-Baudron C, Pagnoux C, Méaux-Ruault N, et al. Rituximab maintenance therapy for granulomatosis with
polyangiitis and microscopic polyangiitis.
J Rheumatol 2012;39:125-30.
21. Ringelstein M, Harmel J, Distelmaier
F, et al. Neuromyelitis optica and pregnancy during therapeutic B cell depletion:
infant exposure to anti-AQP4 antibody
and prevention of rebound relapses with
low-dose rituximab postpartum. Mult
Scler 2013;19:1544-7.

n engl j med 371;19

nejm.org

22. Pequeño-Luévano M, Villarreal-Mar-

tínez L, Jaime-Pérez JC, et al. Low-dose
rituximab for the treatment of acute
thrombotic thrombocytopenic purpura:
report of four cases. Hematology 2013;18:
233-6.
23. Barcellini W, Zaja F, Zaninoni A, et al.
Sustained response to low-dose rituximab in idiopathic autoimmune hemolytic anemia. Eur J Haematol 2013;91:54651.
24. Mariette X, Rouanet S, Sibilia J, et al.
Evaluation of low-dose rituximab for the
retreatment of patients with active rheumatoid arthritis: a non-inferiority randomised controlled trial. Ann Rheum Dis
2014;73:1508-14.
25. Walsh M, Merkel PA, Mahr A, Jayne D.
Effects of duration of glucocorticoid therapy on relapse rate in antineutrophil cytoplasmic antibody-associated vasculitis: a
meta-analysis. Arthritis Care Res (Hoboken) 2010;62:1166-73.
26. McGregor JG, Hogan SL, Hu Y, Jennette CE, Falk RJ, Nachman PH. Glucocorticoids and relapse and infection rates
in anti-neutrophil cytoplasmic antibody
disease. Clin J Am Soc Nephrol 2012;7:
240-7.
27. Besada E, Koldingsnes W, Nossent JC.
Serum immunoglobulin levels and risk
factors for hypogammaglobulinaemia
during long-term maintenance therapy
with rituximab in patients with granulomatosis with polyangiitis. Rheumatology
(Oxford) 2014;53:1818-24.
28. Hogan J, Avasare R, Radhakrishnan J.
Is newer safer? Adverse events associated
with first-line therapies for ANCA-associated vasculitis and lupus nephritis. Clin J
Am Soc Nephrol 2014;9:1657-67.
29. Springer J, Nutter B, Langford CA,
Hoffman GS, Villa-Forte A. Granulomatosis with polyangiitis (Wegener’s): impact
of maintenance therapy duration. Medicine (Baltimore) 2014;93:82-90.
30. Hoffman GS. L52. Vasculitis treatment: is it time to change the standard of
care for ANCA-associated vasculitis? Presse Med 2013;42:643-50.
Copyright © 2014 Massachusetts Medical Society.

November 6, 2014

The New England Journal of Medicine
Downloaded from nejm.org at HSD on January 13, 2015. For personal use only. No other uses without permission.
Copyright © 2014 Massachusetts Medical Society. All rights reserved.

