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 Objective—To evaluate the reasons that complete remission is not achieved or maintained 

with original treatment in some patients with antineutrophil cytoplasmic antibody (ANCA)–

associated vasculitis (AAV) treated with rituximab (RTX) or with cyclophosphamide/azathioprine 

(CYC/AZA).

 Methods—The Rituximab in AAV trial was a randomized, double-blind, placebo-controlled 

trial comparing the rate of remission induction among patients treated with RTX (n = 99) and 

patients treated with CYC followed by AZA (n = 98). Glucocorticoids were tapered over a period 

of 5 months. The primary outcome measure was lack of disease activity without glucocorticoid 

treatment at 6 months. To determine the most important reason for failure to achieve the primary 

outcome, 7 hierarchical categories of reasons were defined retrospectively (uncontrolled disease, 

adverse event leading to therapy discontinuation, severe flare, limited flare, Birmingham Vasculitis 

Activity Score for Wegener’s Granulomatosis >0, prednisone treatment at any dosage, and other).

 Results—Although remission (lack of disease activity) was achieved in 170 of the 197 patients 

(86%) in the first 6 months, the primary outcome measure was not achieved in 42%. There were 3 

deaths. Twenty-four percent of the patients failed to achieve the primary end point due to active 

disease: 10 (5%) experienced uncontrolled disease in the first month and 37 (19%) experienced 

flares after initial improvement. In the majority of such patients, treatment with blinded crossover 

or according to best medical judgment led to disease control. Ninety-one percent of patients who 

had uncontrolled disease or experienced a severe flare had proteinase 3 (PR3)–ANCA. When 

patients with uncontrolled disease were excluded from analysis, those who were PR3-ANCA 

positive were found to experience fewer flares when treated with RTX compared to CYC/AZA (8 

of 59 [14%] versus 20 of 62 [32%]; P = 0.02). Neither ANCA titers nor B cell counts predicted 

disease flare.

 Conclusion—Current treatment regimens are largely successful in controlling AAV, but in 

approximately one-fourth of patients, active disease persists or recurs in the first 6 months despite 

treatment. PR3-ANCA positivity is a risk factor for recurrence or persistence of severe disease. 

ANCA titers and B cell detectability are poor predictors of both disease relapse and disease 

quiescence in the first 6 months.

Granulomatosis with polyangiitis (Wegener’s) (GPA) and microscopic polyangiitis (MPA) 

are antineutrophil cytoplasmic antibody (ANCA)–associated vasculitides (AAVs) that 

primarily affect small- and medium-sized vessels. Treatment of severe AAV with 

cyclophosphamide (CYC) and glucocorticoids has substantially reduced the high mortality 

rate previously associated with these diseases (1,2). Rituximab (RTX), an anti-CD20 

monoclonal antibody, was shown to be noninferior to CYC for remission induction in the 

RTX in AAV (RAVE) trial, a randomized, double-blind, placebo-controlled investigation (3). 

The primary outcome measure of the RAVE trial, complete remission of disease 

(Birmingham Vasculitis Activity Score for Wegener’s Granulomatosis [BVAS/WG] [4] 0) 

and successful completion of glucocorticoid taper at 6 months, set a high standard for 

clinical success. The glucocorticoid taper in the RAVE trial was the most rapid studied in an 

AAV trial to date. Although disease remission (BVAS/WG 0) was achieved in 86% of 

patients during the first 6 months, 42% failed to meet the primary outcome measure.
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Data included in primary reports of clinical trials often fail to provide clinicians with a 

complete understanding of what to anticipate when the medications tested are administered 

in the context of usual practice. A full understanding of what to expect when prescribing 

either RTX- or CYC-based regimens for remission induction in AAV requires details about 

what happened to patients who had uncontrolled disease or disease flares, predictors of 

inability to achieve sustained disease control, and the contributions of adverse events to 

treatment discontinuation. Therefore, in the present analysis we examined the reasons the 

primary outcome measure was not achieved in some patients (primary treatment failure) in 

the RAVE trial, with the goal of better understanding and anticipating what the clinical 

outcome might be in individual AAV patients who are treated with RTX or CYC for 

remission induction.

 PATIENTS AND METHODS

 Study design and patients

The RAVE trial design has been reported previously (3,5). The trial enrolled ANCA-positive 

patients with GPA or MPA who had severe disease (BVAS/WG ≥3). Patients were assigned 

to receive initial treatment either with RTX or with CYC followed by azathioprine (AZA).

 Treatments

Patients assigned to the RTX group received 4 weekly infusions (375 mg/m2 each), plus 

daily placebo CYC followed by placebo AZA upon remission. Patients assigned to the 

CYC/AZA group received placebo RTX infusions and oral CYC (2 mg/kg, adjusted for 

renal insufficiency) for 3–6 months followed by AZA (2 mg/kg) for a total of 18 months of 

therapy. Both groups received glucocorticoids according to the same protocol, which 

allowed up to 3 gm of intravenous methylprednisolone (1 gm/day for 3 days) followed by 

prednisone 1 mg/kg/day. Prednisone was tapered and discontinued over a period of 5–5.5 

months.

 Assessments

Study visits occurred weekly during the first 4 weeks, followed by visits at months 2, 4, and 

6. Disease activity was assessed with the BVAS/WG. Damage was assessed with the 

Vasculitis Damage Index (6).

 ANCA measurements

ANCA type and titer were determined by enzyme-linked immunosorbent assay (ELISA) (7). 

All ANCA measurements were performed simultaneously on the same ELISA plate at a 

single laboratory. ANCA levels were defined as having risen if there was a ≥2-fold increase 

from one measurement to another or an increase to ≥20 IU if the assay results had previously 

been negative.

 B cell kinetics

B cells were measured by 5-color flow cytometry at Immune Tolerance Network facilities. B 

cell depletion was defined as the presence of <10 CD19+ B cells/μl, and full reconstitution 
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as ≥69 CD19+ B cells/μl or return to baseline. B cell counts of 10–68 CD19+ B cells/μl were 

categorized as redetectable.

 Outcome measures and disease flares

The primary outcome measure in the RAVE trial, i.e., complete remission, was defined as a 

BVAS/WG of 0 and no prednisone treatment at 6 months. Remission was defined as a 

BVAS/WG of 0 regardless of prednisone treatment or dosage. Remission could be achieved 

at any point before or at the 6-month time point. Secondary outcomes measured included the 

percentage of patients with a BVAS/WG of 0 during treatment who were taking prednisone 

at a dosage of <10 mg/day at 6 months, cumulative glucocorticoid doses, and adverse event 

rates. Patients were categorized as having uncontrolled disease if they had a new or 

worsening feature on the BVAS/WG, or a worsening or unchanged overall BVAS/WG 1 

month after entry into the study. Disease flares were defined as an increase in the BVAS/WG 

of ≥1 point after the first month of therapy, regardless of whether remission had been 

achieved. Severe flares were defined as an increase in the BVAS/WG of >3 points or 1 new 

major BVAS/WG item. Patients who experienced severe flares before the 6-month time 

point were eligible for blinded treatment crossover. Patients who experienced limited flares 

were treated with prednisone. Patients who experienced an adverse event leading to 

treatment discontinuation or were withdrawn from the trial due to uncontrolled disease or a 

disease flare were treated according to best medical judgment. For such patients, in addition 

to the data collected according to the protocol during the study visits, some details of 

treatment outcomes and adverse events were collected from MedWatch forms filed with the 

Food and Drug Administration and from chart reviews performed by site investigators.

 Adverse events

Adverse events were graded according to National Cancer Institute Common Terminology 

Criteria (8).

 Hierarchical approach to analyzing primary outcome failures

Because in some patients there was >1 potential cause for not achieving the primary 

outcome, we retrospectively defined 7 categories of primary treatment failure in order to 

identify the principal reason (Figure 1). The categories corresponded generally to the reason 

for failure that occurred first. The first category of treatment failure, uncontrolled disease, 

occurred (by definition) within 1 month of baseline. Adverse events leading to 

discontinuation of assigned treatment generally preceded disease flares. Severe flares were 

counted before limited flares in the hierarchy, to avoid underestimating the number of severe 

flares that required treatment crossover or treatment according to best medical judgment. 

The categories of primary treatment failure were, in hierarchical order: 1) uncontrolled 

disease at 1 month, 2) adverse event leading to cessation of assigned treatment, 3) severe 

flare, 4) limited flare, 5) BVAS/WG >0 at 6 months in the absence of disease flare, 6) 

prednisone treatment at any dosage at 6 months, and 7) other.
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 Statistical analysis

Binary outcomes were compared between treatment arms by chi-square or Fisher’s exact 

test. Continuous outcomes were compared by Wilcoxon’s rank sum test. Wald confidence 

limits of 95% were calculated for differences in outcomes between treatment arms at the 

different time points. For analyses of time to first flare, the date of the flare was assumed to 

be the first date of a prednisone dosage increase over the dosage in the 21 days prior to the 

recorded flare date. If there was no increase in prednisone dosage before the date of the 

recorded flare, the flare date was the date of the recorded flare. The data sets from these 

analyses are accessible to readers through TrialShare, a publicly accessible web site 

developed by the Immune Tolerance Network (www.itntrialshare.org).

 RESULTS

Primary treatment was classified as having failed in 82 (42%) of the 197 patients enrolled 

(36 [36%] in the RTX group and 46 [47%] in the CYC/AZA group; P = 0.13). The reasons 

for primary treatment failure and their frequencies are listed in Figure 1 and described in 

detail below. Of the 82 patients with primary treatment failure, 55 (67%) reached clinical 

remission (BVAS/WG 0) before experiencing an event that led to categorization as primary 

treatment failure. Thus, only 27 patients (14 in the RTX group, 13 in the CYC/AZA group) 

(14% of the overall cohort) did not achieve remission in the first 6 months of therapy before 

being classified as having primary treatment failure.

Univariate analysis demonstrated that proteinase 3 (PR3) ANCA–positive patients were at 

increased risk of failing to reach remission in the first 6 months, compared to those with 

myeloperoxidase (MPO) ANCA (18% versus 6%; P = 0.03) (Table 1). Eighty percent of the 

patients who achieved remission remained in remission at 6 months, and 75% remained in 

remission while taking <10 mg/day of prednisone. Disease activity as assessed by the 

BVAS/WG decreased at the same rate in both treatment groups (Figure 2).

 Uncontrolled disease

Seven patients in the RTX group (7.1%) and 3 in the CYC/AZA group (3.1%) either had 

worsening disease activity represented by at least 1 BVAS/WG item or failed to achieve a 

lower BVAS/WG during the first month of therapy (P = 0.33). All 10 patients with 

uncontrolled disease were PR3-ANCA positive, and all had diagnoses of GPA. Most cases 

of uncontrolled disease were due to glomerulonephritis (6 of 10 patients) or pulmonary 

hemorrhage (2 of 10); 1 patient had both. Of the remaining 3 patients, 1 had uncontrolled 

scleritis, 1 had progressive pulmonary nodules, and 1 had new-onset hematuria. Six of the 10 

patients with uncontrolled disease had relapsing, as opposed to newly diagnosed, disease at 

study entry; this ratio was comparable to that in the trial overall.

Nine of the 10 patients with uncontrolled disease were treated with CYC: 3 via blinded 

crossover and 5 through best medical judgment (consistent with the standard of care when 

the trial was designed); 1 patient with uncontrolled disease continued to receive CYC (his 

originally assigned treatment) because, in the assessment of the investigator, the patient was 

on track to achieve disease control. Six of the patients treated according to best medical 
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judgment were re-treated with intravenous methylprednisolone for 3 days and 3 underwent 

plasma exchange. One patient in the RTX group (the only patient with uncontrolled disease 

who required dialysis and had both glomerulonephritis and alveolar hemorrhage) died of 

septic shock at 11 weeks. After receiving 3 of 3 RTX infusions according to the study 

protocol, that patient also received pulse glucocorticoids, plasma exchange, and CYC 

according to best medical judgment. All other patients improved, with resolution of 

pulmonary disease and improvement in renal function.

 Adverse events leading to treatment discontinuation

Fifteen patients (5 in the RTX group and 10 in the CYC/AZA group) (7.6%) discontinued 

treatment due to adverse events (Table 2). Four patients discontinued treatment due to 

leukopenia and 4 because of infection. Infections that led to treatment discontinuation 

included pneumonia (n = 3) and osteomyelitis (n = 1). Two patients randomized to the 

CYC/AZA group who had discontinued treatment due to pneumonia died during the first 6 

months of the trial. One patient, who was noncompliant with trimethoprim/sulfamethoxazole 

prophylaxis, developed Pneumocystis jirovecii pneumonia and subsequently died of septic 

shock on day 55. A second patient developed Pseudomonas pneumonia, bacteremia, and 

sepsis in the setting of a chronic obstructive pulmonary disease flare requiring high-dose 

prednisone. She died on day 123.

 Disease flares

In 37 patients (19% of the overall cohort), the primary outcome was not achieved because of 

disease flares between months 1 and 6. Of these, 27 had achieved remission prior to flare 

and 10 experienced flares before achieving remission (but after BVAS/WG improvement in 

the first month of treatment). Twelve patients experienced severe flares (3 in the RTX group, 

9 in the CYC/AZA group) and 25 experienced limited flares (11 and 14 in the RTX and 

CYC/AZA groups, respectively) (Table 3).

Ongoing treatment with CYC did not prevent disease flares. Six of the 9 patients with severe 

flares in the CYC/AZA group were still receiving CYC at the time of flare. In both treatment 

groups, the patients who experienced severe flares were receiving prednisone at an average 

of >10 mg/day at the time of flare. Furthermore, in 5 of the 12 patients with severe flares (4 

in the CYC/AZA group, 1 in the RTX) group, remission had not been achieved prior to flare. 

Limited flares occurred later in the treatment course, with patients in both groups receiving 

prednisone at an average of 6.0 mg/day and with 12 of 14 patients in the CYC/AZA group 

(86%) having switched over to AZA.

 Baseline ANCA status and risk of flare—Eleven of the 12 patients (92%) who 

experienced severe flares were PR3-ANCA positive, and 10 (83%) had GPA. Among 

patients with limited flares, 17 of 25 (68%) were PR3-ANCA positive and 22 of 25 (88%) 

had GPA. When patients with uncontrolled disease were excluded from analysis, it was 

found that PR3-ANCA–positive patients who were treated with RTX experienced fewer 

flares than did those treated with CYC/AZA (8 of 59 [14%] versus 20 of 62 [32%]; P = 

0.02). In contrast, among MPO-ANCA–positive patients there was no difference in the 

frequency of flares between the RTX and CYC/AZA groups (6 of 33 [18%] and 3 of 33 
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[9%], respectively; P = 0.48). Within the CYC/AZA group, flares occurred more frequently 

among PR3-ANCA–positive patients than among MPO-ANCA–positive patients (20 of 62 

[32%] versus 3 of 33 [9%]; P = 0.01). This difference was not observed in the RTX group, in 

which 8 of 59 PR3-ANCA–positive patients (14%) experienced flares, compared to 6 of 33 

MPO-ANCA–positive patients (18%) (P = 0.56).

 Relapsing disease at baseline and risk of flare—Among the 95 patients with 

relapsing disease at baseline who exhibited evidence of disease control within 1 month of 

randomization, severe flares occurred in 9 of the 49 patients (18%) in the CYC/AZA group, 

compared to none of the 46 in the RTX group (P < 0.01). This is consistent with our earlier 

finding that among patients with relapsing disease at entry, the primary outcome was more 

likely to be achieved in those randomized to the RTX group (3). In the CYC/AZA group, 17 

of 49 patients with relapsing disease (35%) experienced flares between months 1 and 6, 

compared to only 6 of 46 (13%) who were newly diagnosed (P = 0.02). In contrast, in the 

RTX group the likelihood of disease flare was not different between those who had relapsing 

disease at baseline and those with newly diagnosed AAV (5 of 46 [11%] versus 9 of 46 

[20%]; P = 0.39).

 Correlation of ANCA status with disease flares

Neither ANCA positivity nor increases in ANCA titer predicted the occurrence of flares 

between months 1 and 6. Although ANCA results were positive at the time of flare in 10 of 

14 patients in the RTX group and 18 of 23 patients in the CYC/AZA group, 44 patients with 

positive ANCA in the RTX group and 52 with positive ANCA in the CYC/AZA group did 

not experience flares in the first 6 months. Similarly, elevations in ANCA titer did not 

predict disease flares, particularly in the RTX group. None of the 14 flares in the RTX group 

was preceded by a rise in the ANCA titer, and only 10 of 23 patients (43%) in the 

CYC/AZA group had a rise in ANCA titer associated with a disease flare.

 Correlation of B cell counts with disease flares

B cell counts did not predict flares between months 1 and 6. None of the 14 patients 

randomized to the RTX group who had flares between months 1 and 6 had detectable B 

cells. Detectable B cells were present at the time of flare in some patients randomized to the 

CYC/AZA group, but only in 13 of 23 (57%). B cell detectability was not associated with 

flare in most cases. Forty-seven patients (11 in the RTX group and 36 in the CYC/AZA 

group) had detectable B cells in the first 6 months without experiencing a disease flare. 

When B cells and ANCA status were analyzed together, we found that 7 of 37 patients 

(19%) (4 in the RTX group and 3 in the CYC/AZA group) had a flare in the absence of B 

cells and with negative ANCA.

 Blinded crossover treatment of flares

Fourteen patients underwent blinded crossover treatment: 11 (3 who were randomized to 

receive RTX and 8 who were randomized to receive CYC/AZA) because of severe disease 

flares and 3 (all randomized to the RTX group) because of uncontrolled disease. Of these 14 

patients, 12 remained on protocol 6 months after crossover and achieved remission within 6 

months of crossover. In 8, disease remained in complete remission (BVAS/WG of 0 and no 
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prednisone treatment) 6 months after crossover. One patient who experienced a severe flare 

withdrew from the study, and 1 was treated according to best medical judgment.

 Treatment failures due to not meeting the BVAS/WG criterion or not meeting the 
glucocorticoid criterion

In 6 patients (2 in the RTX group and 4 in the CYC/AZA group) the primary outcome was 

not achieved due to a BVAS/WG of >0 (mean 2.0) at 6 months. None of these patients was 

taking prednisone at the 6-month assessment. In 11 patients (7 in the RTX group and 4 in the 

CYC/AZA group) the primary outcome was not achieved because they were receiving 

prednisone at ≥1 mg/day (mean 9.3 mg/day) at 6 months, despite having a BVAS/WG of 0.

 DISCUSSION

In the past 50 years there has been extraordinary progress in the treatment of AAV. GPA and 

MPA are no longer routinely fatal within weeks to months, as was often the case in earlier 

eras. Long-term therapy with CYC has been replaced by shorter and therefore less toxic 

courses of CYC, followed by “step-down” therapy to AZA or other active agents. 

Unfortunately, however, such therapy is still not without significant risks of drug toxicity 

and disease relapse.

The RAVE trial established RTX plus glucocorticoids as a treatment alternative to 

CYC/AZA plus glucocorticoids for remission induction. Indeed, in 86% of all patients in the 

trial, remission (BVAS/WG 0) was recorded on at least 1 visit during the first 6 months of 

therapy. This indicates that current treatment regimens control severe AAV, at least initially, 

in the large majority of patients. Furthermore, although 11% of patients enrolled in the trial 

were categorized as having primary treatment failure because of either uncontrolled disease 

or severe flares, treatment by crossover or according to best medical judgment led to disease 

control in most of those patients as well. Thus, in the great majority of patients with AAV, 

disease activity is eventually brought under control with currently available regimens, 

regardless of whether RTX or CYC is used first. When the cases of uncontrolled disease and 

the cases of disease flare within the first 6 months are considered together, there is no 

evidence of any difference in the onset of action between the RTX-based regimen and the 

CYC-based regimen.

Despite these encouraging results, the trial’s strict primary outcome criterion (BVAS/WG of 

0 without glucocorticoid treatment at 6 months) was not achieved in 42% of the patients, and 

nearly 25% were categorized as having primary treatment failure because of either 

uncontrolled disease or disease flare within the first 6 months. A small minority of patients 

(~5%) exhibited uncontrolled disease at 1 month despite receiving aggressive remission 

induction regimens. This group, characterized by PR3-ANCA positivity, comprises a subset 

of patients with particularly difficult-to-treat disease that failed to respond to the remission 

induction regimen to which they were randomized (RTX in 7, CYC/AZA in 3). Strong 

inferences cannot be drawn based on outcomes in only 10 patients, particularly when one 

considers that the duration of active disease and treatment before randomization varied 

among these patients. Additional studies of such patients are needed in order to understand 

the optimal approach to remission induction.
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Severe flares also occurred preferentially in PR3-ANCA–positive patients, despite active 

treatment with CYC/AZA or B cell depletion with RTX. Among patients in both treatment 

arms, neither ANCA titers nor levels of B cells during the first 6 months of therapy were 

helpful in predicting disease flares. These results contrast with data from a later period in 

this trial—the time between 6 and 18 months—when flares were uncommon in patients who 

were negative for ANCA and had undetectable B cells (9).

Disease flares following the first month of treatment were the most common reason for 

patients to be classified as having primary treatment failure. Patients who were PR3-ANCA 

positive had more aggressive disease than did those with MPO-ANCA, but had fewer flares 

during the remission induction period if randomized to the RTX group. Both PR3-ANCA 

positivity and relapsing disease at baseline (with patients in the latter group having a higher 

rate of PR3-ANCA positivity) were associated with a higher number of flares in the 

CYC/AZA group. Increased rates of flare in patients with PR-ANCA positivity or GPA have 

been reported previously (10–14). Recent evidence from genetic studies suggests that PR3-

ANCA–associated vasculitis is a different autoimmune syndrome from the disorder affecting 

patients whose ANCA target specificity is MPO (15).

We cannot exclude the possibility that the enrollment of patients with relapsing disease, 60% 

of whom had received CYC in the past, influenced our findings. However, in all of the 

patients treated previously with CYC, disease control had previously been achieved with that 

medication, and none had received CYC within 4 months of study entry. There is no 

indication, therefore, that the study population was enriched with patients whose disease was 

refractory to CYC. Patients who respond to CYC once typically respond again but most 

patients, regardless of whether remission is induced with regimens involving CYC or RTX, 

eventually are shown to experience disease relapse if followed up for a sufficient length of 

time.

Neither ANCA titers nor B cell measurements were useful in predicting disease flares. This 

was particularly true among patients in the RTX group, in whom no flares were preceded by 

a rise in ANCA titer or detectable B cells. These data from the remission induction period 

offer an important nuance in the longitudinal assessment of the likelihood of disease flares: 

before 6 months, when the effects of prednisone, RTX, and CYC/AZA on B cells are most 

intense, neither ANCA titers nor B cell concentrations are helpful in predicting disease 

flares. In contrast, after 6 months, the time when B cells often have begun to return, ANCA 

negativity and persistent peripheral B cell depletion indicate that the risk of a disease flare is 

low. Previous cohort studies of patients treated with RTX have yielded similar findings (16). 

Although RTX rapidly depletes circulating B cells, tissue B cells, which are a significantly 

larger population, are known to persist within the reticuloendothelial system or at sites of 

disease, and remain one of the possible mediators of disease activity during peripheral B cell 

depletion (17,18). It is also possible that other inflammatory mechanisms are more crucial to 

disease activity during the period when measurable B cells are not present in the peripheral 

blood.

Glucocorticoids were tapered over a shorter period of time in the RAVE trial compared to 

other randomized controlled trials in AAV (11–13,19–21). By 5 months, patients in the 
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RAVE trial who had achieved clinical remission could discontinue prednisone completely. In 

theory, this comparatively rapid glucocorticoid cessation might have contributed to a high 

rate of treatment failure. In addition, 50% of patients in the RAVE trial had relapsing disease 

at baseline, and patients who have experienced relapses constitute a population that is known 

to be at greater risk for disease flare than patients who have not had any flares. Patients with 

relapsing disease have been excluded from many previous AAV trials (11–13,19–21). 

Despite the rapid glucocorticoid taper and the large percentage of patients with relapsing 

disease, the overall results in the RAVE trial during the remission induction period were 

comparable to those of other trials: clinical remission was achieved in 86% of the patients 

before the 6-month time point, and among those in whom remission was achieved, 80% 

remained in remission at 6 months. Given the well-known morbidity associated with 

prolonged glucocorticoid therapy, the optimal dosage and duration of glucocorticoid 

treatment in AAV requires further study.

Our study has some weaknesses, particularly with regard to certain subgroup analyses in 

which the numbers for some comparisons were relatively small. We have attempted to be 

conservative in reporting such comparisons, focusing on those for which there is some 

biologic rationale or consistency with other reports in the literature. The study also has 

several important strengths, particularly the randomized, double-blind, placebo-controlled 

design of the trial and the comparison of regimens that reflect the current standard of care 

for AAV.

In conclusion, the currently available treatment regimens are ultimately successful in 

controlling disease activity in severe AAV, even though one-quarter of all patients who 

receive these regimens do not achieve and sustain glucocorticoid-free complete remission 

within the first 6 months. In a small subgroup of patients with AAV, intensive remission 

induction regimens are unsuccessful regardless of whether the initial therapy is RTX plus 

glucocorticoids or CYC/AZA plus glucocorticoids. This subgroup is characterized by PR3-

ANCA positivity and a tendency to progressive severe renal disease or alveolar hemorrhage. 

Patients with severe disease flares tend to also be PR3-ANCA positive and may experience 

flares even during periods of treatment with moderate-to-high doses of prednisone, B cell 

depletion induced by RTX, or doses of CYC/AZA that are viewed as adequate. ANCA titers 

and B cell subsets are poor predictors of both flares and continued disease quiescence in the 

first 6 months of therapy, particularly among patients treated with RTX. Both clinical trials 

of new treatment regimens and basic investigation must continue in the effort to improve 

time to remission induction, limit the risk of relapse, and diminish the morbidity and 

mortality that still result both from the AAVs and from their therapies.
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Figure 1. 
Reasons for failure to achieve the primary outcome in the Rituximab in Antineutrophil 

Cytoplasmic Antibody–Associated Vasculitis trial, by treatment group. RTX = rituximab; 

CYC/AZA = cyclophosphamide followed by azathioprine; BVAS/WG = Birmingham 

Vasculitis Activity Score for Wegener’s Granulomatosis.
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Figure 2. 
Disease activity by treatment group. Data are shown as box plots. Each box represents the 

upper and lower interquartile range (IQR). Lines inside the boxes represent the median. 

Whiskers represent 1.5 times the upper and lower IQRs. Circles indicate outliers. At the 4-

month and 6-month time points, remission had been achieved in most patients. BVAS/WG = 

Birmingham Vasculitis Activity Score for Wegener’s Granulomatosis; RTX = rituximab; 

CY/AZ = cyclophosphamide followed by azathioprine.
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Table 1

Baseline characteristics of the 197 patients with AAV*

Remission achieved in the first 6 months (n = 
170)

Remission not achieved in the first 6 months (n = 
27)

BVAS/WG, mean 8.0 8.3

Serum creatinine, mean mg/dl 1.4 1.6

ANCA type

 PR3 108 (82.4) 23 (17.6)†

 MPO 62 (93.9) 4 (6.1)

Diagnosis‡

 GPA 125 (85.0) 22 (15.0)

 MPA 44 (91.7) 4 (8.3)

New diagnosis at baseline

 Yes 84 (87.5) 12 (12.5)

 No 86 (85.1) 15 (14.9)

*
Except where indicated otherwise, values are the number (%) (% calculated using, as the denominator, the total number of patients [i.e., those 

achieving and those not achieving remission] with the given variable). AAV = antineutrophil cytoplasmic antibody (ANCA)–associated vasculitis; 
BVAS/WG = Birmingham Vasculitis Activity Score for Wegener’s Granulomatosis; PR3 = proteinase 3; GPA = granulomatosis with polyangiitis 
(Wegener’s); MPA = microscopic polyangiitis.

†
P = 0.03 versus patients with myeloperoxidase (MPO)–ANCA.

‡
Disease type was undetermined in 2 patients.
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Table 2

Adverse events leading to drug discontinuation*

RTX CYC/AZA

Infection 1 3

Leukopenia 1 3

Hypersensitivity reaction 1 1

Other† 2 3

Total 5 10

*
Values are the number of patients.

†
Other adverse events in the rituximab (RTX) group included prostate cancer and microscopic colitis. Other adverse events in the 

cyclophosphamide followed by azathioprine (CYC/AZA) group included hemorrhagic cystitis, adverse reaction to AZA not otherwise specified, 
and abnormal liver function test results.
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Table 3

Characteristics at the time of flare in the 37 patients who experienced severe or limited flares*

RTX CYC/AZA Total

Severe flares

 No. of patients 3/98 9/97 12

 PR3-ANCA positive, no. of patients 2 9 11

 Time to flare, mean days 75.3 122.9 111.0†

 Receiving CYC at time of flare, no. of patients – 6/9 6/9†

 Prednisone dosage at time of flare, mean (range) mg/day 15.0 (5–20) 10.8 (0–50) 11.8 (0–50)

 BVAS/WG at time of flare, mean (range) 3.3 (3–4) 4.6 (3–8) 4.3 (3–8)

Limited flares

 No. of patients 11 14 25

 PR3-ANCA positive, no. of patients 6 11 17

 Time to flare, mean days 121.5 166.4‡ 146.7

 Receiving CYC at time of flare, no. of patients – 2/14 2/14

 Prednisone dosage at time of flare, mean (range) mg/day 5.7 (0–20) 6.2 (0–20) 6.0 (0–20)

 BVAS/WG at time of flare, mean (range) 1.6 (1–3) 1.4 (0–3) 1.5 (0–3)

*
CYC/AZA = cyclophosphamide followed by azathioprine; PR3 = proteinase 3; ANCA = antineutrophil cytoplasmic antibody; BVAS/WG = 

Birmingham Vasculitis Activity Score for Wegener’s Granulomatosis.

†
P = 0.02 versus limited flares.

‡
P = 0.007 versus rituximab (RTX) group.
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