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Abstract: Granulomatosis with polyangiitis (formerly Wegener's) (GPA) and microscopic polyangiitis (MPA) share 

many clinical and pathological features, including antineutrophil cytoplasmic antibodies (ANCA) directed against either 

proteinase 3 (PR3) or myeloperoxidase (MPO). These two “ANCA-associated” vasculitides (AAV) are associated with a 

high mortality in untreated patients, substantial morbidity from standard therapies, and a significant risk of disease relapse.  

The Rituximab in ANCA-Associated Vasculitis (RAVE) trial is a randomized, double-blind, double-dummy, active-

controlled, non-inferiority trial of a new approach to the induction of remission. The RAVE trial represents the first chal-

lenge of a biologic agent to CYC as the standard of care for remission induction in AAV. The primary outcome analysis, 

reported in 2010, compared conventional therapy (the combination of cyclophosphamide (CYC) and glucocorticoids) to 

the combination of rituximab (RTX) and glucocorticoids. Longer term outcomes to 18 months and beyond have not been 

reported.  

The trial aimed to determine if the combination of RTX plus glucocorticoids was non-inferior to the combination of CYC 

and glucocorticoids. To test this hypothesis, eight clinical centers planned to enroll 200 patients. The randomization was 

stratified by center and by ANCA subtype. Patients were assigned randomly to each treatment arm in an allocation ratio of 

1:1. The primary outcome had two components: 1) the ability of the assigned regimen to induce disease remission by 

month 6; and, 2) successful discontinuation of prednisone by month 6. All primary analyses were performed on an inten-

tion-to-treat basis. A major secondary outcome of interest was the restoration of immune tolerance, defined as disease 

quiescence and the absence of ANCA following the reconstitution of normal B cell numbers. To meet this definition, pa-

tients were required to achieve and maintain disease remissions, complete the prednisone taper, and remain on no immu-

nosuppressive medications after discontinuing prednisone. Patients were followed for 18 months after the final patient 

was enrolled to evaluate the impact of the two treatment regimens on tolerance restoration.  

In this paper, we describe the development and design of the RAVE trial as a pivotal trial in an orphan disease indication. 

We illuminate the unique challenges involved in comparing a new treatment approach against an entrenched standard of 

care in a double-blind, double-dummy trial of a biologic for the treatment of a rare disease.  

Keywords: Randomized, controlled trial, Non-inferiority trial, Granulomatosis with polyangiitis, Microscopic polyangiitis, 
Vasculitis, Antineutrophil cytoplasmic antibody (ANCA), Rituximab, B cell depletion, Immune tolerance. 

1. INTRODUCTION 

 Granulomatosis with polyangiitis (formerly Wegener's)  
(GPA) and microscopic polyangiitis (MPA) are two closely-
related forms of systemic vasculitis that affect small- to me-
dium-sized blood vessels [1]. Because most patients with 
GPA and MPA have circulating anti-neutrophil cytoplasmic 
antibodies (ANCA), they are often termed “ANCA-
associated vasculitides” (AAV) [2-4]. Untreated severe AAV 
is fatal [5]. For the last 40 years, standard therapy has con-
sisted of glucocorticoids combined with cyclophosphamide 
(CYC). Although this treatment regimen is successful in 
inducing at least temporary remissions in the majority of  
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patients [6-10], the management of patients with AAV re-
mains challenging. Long-term CYC use is associated with 
well-recognized toxicities [7,8,11]. For this reason, long-
term use of CYC has been replaced by staged regimens in 
which CYC is replaced by methotrexate or azathioprine 
(AZA) after 3-6 months, once clinical remission is achieved 
[9,10,12-14]. However, repeated and long-term exposure to 
CYC remains a safety concern because of the high disease 
relapse rate [10,15,16]. To date, the focus of randomized 
controlled trials in severe AAV has been to minimize the 
duration and cumulative dose of CYC rather than to identify 
an agent with greater or equal efficacy that can replace for 
remission induction [9,10,17].  

 Rituximab (RTX), a chimeric monoclonal anti-CD20 
antibody that targets B lymphocytes specifically, is a poten-
tial replacement for CYC in AAV [18]. CYC has a profound 
effect on B lymphocytes in AAV, which may in part explain 
its efficacy for the treatment of this disease [19-21]. Moreo-
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ver, preliminary results with RTX therapy in patients with 
refractory disease suggest that this agent was both effective 
and well tolerated in AAV [22-24]. Given the B cell deplet-
ing effects of RTX, we designed a large clinical trial of this 
agent in AAV to determine the extent to which B cells play a 
role in the pathogenesis of this disease, incorporating 
mechanistic studies to explore potential treatment pathways. 

 Attempts to design and conduct of randomized controlled 
trials in rare diseases such as AAV confront multiple chal-
lenges [25]. First, severe, untreated AAV is fatal, but the 
existing standard of care is effective (albeit toxic). Given the 
efficacy of CYC, a placebo-controlled trial with a new agent 
would have been unethical [26]. (The established standard of 
care for remission induction (CYC) has never been com-
pared to placebo). Second, because of the perceived efficacy 
of CYC in inducing remission, a superiority trial was felt 
impractical because of sample size considerations. For these 
two reasons, we compared RTX and CYC therapy head-to-
head using a non-inferiority approach, relying upon the his-
torical experience of untreated controls to support the case 
for superiority of RTX over placebo.  

 The orphan disease status posed an additional challenge 
to designing this trial. Patients with severe AAV require ex-
pert multidisciplinary specialty care, which is concentrated 
within only a few specialized centers. To ensure timely en-
rollment, a multicenter effort involving as many of these 
centers as possible was necessary. Finally, although the de-
sign required that only patients with AAV for whom CYC 
was considered the standard of care would be eligible, we 
felt it was highly desirable to look for consistency of treat-
ment effects across meaningful clinical subsets of subjects.  

 With these considerations in mind, we designed the head-
to-head comparison of RTX to CYC as a non-inferiority trial 
with the intention of providing persuasive, internally-
consistent evidence of the efficacy of RTX for both primary 
and secondary endpoints. We intended this study to serve as 
a pivotal trial of RTX in AAV and for its results to constitute 
sufficient support for an effectiveness claim to the United 
States Food & Drug Administration (FDA). Herein, we de-
scribe the rationale, design, statistical analysis plan, and 
conduct of this trial. The primary results of this clinical trial 
have been published elsewhere (NEJM reference). 

2. DESIGN AND METHODS 

2.1. Funding 

 RAVE was supported by the Immune Tolerance Network 
(ITN), which is funded in turn by the National Institute of 
Allergy and Infectious Disease (NIAID). RTX, matching 
placebo, and partial funding were provided by Genentech, 
Inc. (South San Francisco, CA) and Biogen IDEC, Inc. 
(Cambridge, MA).  

2.2. Organization 

 The RAVE Research Group comprised eight clinical cen-
ters , a Coordinating Center [Pharmaceutical Products De-
velopment, Inc. (PPDI) until April 2009, then Rho, Inc.], a 
drug distribution center (Eminent Services, Inc., Frederick, 
MD), and the Tolerance Assay and Data Analysis Group of 

                                                
RAVE began with nine centers. One center was closed because of slow enrollment.  

the ITN (See Mechanistic Studies, below). The list of per-
sonnel at the trial sites and all branches of the RAVE Re-
search Group are shown in the Appendix.  

 Each RAVE clinical site included a primary patient as-
sessor (termed the “Investigator”), a Safety Officer(s), a 
Trial Coordinator(s), and a laboratory technician. An indi-
vidual assigned to be the Investigator or the Safety Officer 
for one patient could fulfill the other role for other patients.  

2.3. Trial Objective and Hypothesis 

 RAVE compared a new treatment (RTX) to a conven-
tional standard of care (CYC), which was first employed in 
AAV in 1954 [27]. The hypothesis of the trial was that the 
combination of RTX plus glucocorticoids was not inferior to 
conventional therapy in its ability to induce disease remis-
sion and permit glucocorticoid discontinuation by 6 months. 
Critical RAVE Trial definitions are shown in Table 1.  

2.4. Entry Criteria 

 Two of the required entry criteria for RAVE were: 1) a 

clinical diagnosis of GPA or MPA that fulfilled the Chapel 

Hill Consensus Conference definitions of GPA or MPA [1]; 

and, 2) presence of PR3-ANCA or MPO-ANCA at trial en-
try. 

2.5. Eligibility Requirements 

 The eligibility criteria for the trial are summarized in 

Table 2. All patients enrolled had active disease within 28 

days before enrollment, defined by a Birmingham Vasculitis 

Activity Score for WG (BVAS/WG) of > 3 [28] (see Appen-

dix). Patients who were starting their first courses of treat-

ment for AAV or those suffering a flare of previously quies-

cent disease were eligible. All patients had severe disease at 

screening, meaning that outside the trial they would have 
been treated with CYC and high-dose glucocorticoids.  

 Patients treated with certain immunosuppressive or bio-

logic agents within specific periods of time before trial entry 

were ineligible. The reasons for this were two-fold: to pre-

vent confounding of the primary outcome by pre-trial ther-

apy; and to permit certain mechanistic studies on baseline 
samples (Table 2).  

2.6. Assignment to Study Groups 

 Treatment assignments were generated in permuted 

blocks. The randomization schedule, generated, written, and 

controlled by the Coordinating Center, was yielded an as-

signment ratio of 1:1 between the two treatment groups and 

within each stratum. The randomization was stratified by 

both ANCA subtype (PR3- or MPO-ANCA) and clinical 
site.  

2.7. Study Visits 

 Data collected at the baseline visit are shown in Table 3. 

At each trial visit, serum, plasma, and peripheral blood 

mononuclear cell samples were collected. DNA samples 
were collected at the 2 month visit only (Table 3).  

2.8. Trial Phases 

 There were three treatment phases (Fig. 1 of appendix): 
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Table 1. Critical RAVE Trial Definitions 

Clinical remission Having a BVAS/WG = 0, regardless of immunosuppressive therapy.  

Complete response Having a BVAS/WG = 0 on low dose prednisone and on maintenance AZA/AZA placebo. 

Remission Having a BVAS/WG = 0. 

Complete remission  Having a BVAS/WG = 0 and being off glucocorticoid therapy. 

Partial remission  Having a BVAS/WG  2 and being off glucocorticoid therapy during the trial. 

Sustained remission Complete remission for at least 6 months. 

Clinical tolerance Complete remission without immunosuppressive therapy, a normalized B-cell count, an absence of ANCA, and 

an adaptive immune system that responds normally to neoantigens.  

Control arm The study treatment group receiving rituximab-placebo, CYC, AZA, and prednisone. 

Crossover A change in treatment group to the opposite study therapy regimen between visit V5 (1 week after the last rituxi-

mab/rituximab-placebo infusion) and visit V8 (month-6 study visit). 

Switchover Participants who do not deviate from original study therapy and all crossover participants that achieve clinical 

remissions (BVAS/WG = 0) deemed stable by the investigator will switch from CYC/CYC-placebo to 

AZA/AZA-placebo between months 3–6 after the first dose of the rituximab/rituximab-placebo infusion. 

Disease response A reduction of at least 1 in the BVAS/WG as compared to the screening measure, no new disease manifestation, 

and no new worsening of existing disease. 

Early treatment failure Failure to achieve disease response by the month 1 study visit, i.e., 1 week after the fourth infusion, or to com-

plete the full course of rituximab/rituximab-placebo infusions due to treatment-related adverse effects. 

Experimental arm  The study treatment group receiving rituximab, prednisone, CYC-placebo, and AZA-placebo. 

Investigational agent Rituximab (375 mg/m2)  

Investigational regimen Rituximab (375 mg/m2) once a week x4, plus glucocorticoids  

Limited flare Having a new occurrence or worsening of one or more minor BVAS/WG items. 

Post-study phase The study period that starts after the last scheduled study visit in the remission maintenance phase (the 18-month 

study visit after V1 or V1A) and lasts until the common closing date. The post study phase for open-label rituxi-

mab patients starts 6 months after V1B. 

Severe flare Having a BVAS/WG >3 or experiencing one of the major BVAS/WG items listed in Table 2 that requires treat-

ment with CYC following remission (BVAS/WG = 0). 

Pretreatment phase The study period that lasts approximately 2 weeks and that includes screening, signing of the informed consent 

form, receipt of intravenous steroids, and randomization. 

Remission induction phase (phase I) The 6-month study period following randomization.  

Remission maintenance phase 

(phase II) 

The 12-month study period following the remission induction phase. 

Remission induction treatment Rituximab infusion (once weekly for 4 weeks) or rituximab placebo infusion (once weekly for 4 weeks), cyclo-

phosphamide or cyclophosphamide placebo (orally for 3–6 months), and prednisone (orally for up to 6 months). 

Remission maintenance treatment AZA or AZA placebo (orally for 12–15 months), depending on the timing of switchover from CYC/CYC placebo 

to AZA/AZA placebo).  

Severe AAV Having a diagnosis of AAV (GPA or MPA) that meets the Chapel Hill Consensus Conference definitions, a posi-

tive PR3-ANCA or MPO-ANCA test, and disease activity/severity that requires treatment with CYC. 

Study medications Rituximab or placebo, CYC or placebo, AZA or placebo. 

Study therapy CYC/CYC placebo, AZA/AZA placebo, or rituximab/rituximab placebo. 

Study termination Discontinuing the rituximab/rituximab placebo, CYC/CYC placebo, or AZA/AZA placebo study therapies as per 

protocol. 

Treatment failure Situations that may lead to treatment modification as defined in the protocol. 
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Table 2. Major Inclusion and Exclusion Criteria for Enrollment in RAVE 

Inclusion Exclusion 

1. At least 15 years old. 

2. At least 40 kg in weight. 

3. Diagnosis of either GPA or MPA1. 

4. Active disease, minimum BVAS/WG2. 

5. Severe disease, with one or more BVAS/WG items, requiring CYC3 

for usual standard of care. 

6. ANCA4 positive (either PR3- or MPO-ANCA). 

7. Willing to practice contraception and refrain from breastfeeding.  

8. Willing to comply with study procedures. 

9. Competence and willingness to provide informed consent. 

 

1. Limited disease (not treated with CYC under standard of care). 

2. On mechanical ventilation at time of eligibility. 

3. History of severe allergic reactions to human or chimeric monoclonal anti-

bodies or murine protein, or history of human antichimeric antibodies 

(HACA). 

4. Active systemic infection. 

5. Deep space infection within 6 months. 

6. Known active hepatitis B or C or documented history of hepatitis B, C, or 

HIV. 

7. Significant acute or chronic liver disease  

8. Antiglomerular basement membrane disease. 

9. Active or history of malignancy in the last 5 years5.  

10. Drug or alcohol abuse. 

11. Cytopenias: white blood cell count < 4,000/mm3, platelet count < 

120,000/mm3. 

12. Liver function tests: Serum AST6 or ALT concentration greater than 2.5 

times the upper limit of normal that is not related to AAV. 

13. Creatinine: Serum creatinine > 4.0 mg/dL that is attributed to renal failure 

from a current flare.  

14. Pregnancy. 

15. Specific immunosuppressive or biologic agents (Proscribed Medications).  

• Glucocorticoids for Longer than 14 days prior to enrollment unless 

they were on a stable maintenance dose of prednisone at the time 

of the flare. 

• Daily oral CYC for more than 7 days prior to enrollment. 

• Completed a remission induction course of oral or intravenous 

CYC within 4 months of enrollment 

• Previous therapy with rituximab 

• Previous therapy with alemtuzumab 

• Anti-TNF therapy within 5 half-lifes of the specific agent 

• Plasma exchange within 3 month of enrollment 

16. Vaccines: They have had a live vaccine fewer than four weeks before 

randomization. 

1Granulomatosis with polyangiitis (GPA) or microscopic polyangiitis (MPA), according to the Chapel Hill Consensus Conference definitions [1]. 
2BVAS/WG = Birmingham Vasculitis Activity Score for Wegener's granulomatosis or the BVAS/WG. 

3CYC = cyclophosphamide. 
4ANCA = antineutrophil cytoplasmic antibody, directed against either proteinase 3 (PR3) or myeloperoxidase (MPO). 
5 Individuals with squamous cell or basal cell skin carcinomas and individuals with cervical carcinoma in situ may be enrolled if they have received curative surgical treatment. 
6AST or ALT = Aspartate aminotransferase or alanine aminotransferase. 

2.8.1. Remission Induction (Randomization through Month 

6) 

 The remission induction phase was defined as the time 
from the first administration of study treatment through 
month 6. The primary outcome was assessed at month 6.  

2.8.2. Remission Maintenance (Month 6 through Month 

18)  

 The remission maintenance phase began at month 6 and 
extended through month 18. Data on treatment efficacy and 
safety obtained during this period will be analyzed for sec-
ondary endpoints, including the restoration of immune toler-
ance. Because all patients will be treated with protocolized 

medication regimens up to 18 months, efficacy analyses be-
yond the remission induction phase will focus upon this pe-
riod.  

2.8.3. Best Medical Judgment (After 18 Months) 

 Following the 18 month visit, all patients discontinued 
trial therapies and were treated according to best medical 
judgment. Blinding to the originally assigned treatment was 
maintained during this phase.  

2.8.4. Common Closeout Date  

 Clinical data collection ended on a common closeout date 
18 months after enrollment of the last patient. The eighteen 
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Table 3. Schedule of Assessments for Original Treatment Assignment 

 Week
1
 Month Post-Treatment Follow-up 

Time Point 

Screen- 

ing 

Base-

line
2
 1 2 3 1 2 4 6 9 12 15 18 

Every 6 months 

after V12
3
 

Common 

closing date 

Visit V–1
4
 V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V6-month interval VCCD 

Day 0 1 8 15 22 29 60 120 180 270 365 455 545   

General Assessments 

Informed consent X               

Inclusion and exclusion criteria X X              

Randomization  X              

SF-36 v.2TM Health Survey5 X     X X X X X X X X X X 

Demography X               

Medical history (with vaccine) X               

Skin tests (PPD, anergy panel)6 X               

Glucocorticoid log X X X X X X X X X X X X X X X 

Concomitant medications7 X X X X X X X X X X X X X X X 

Adverse events  X X X X X X X X X X X X X X 

Safety officer adverse events8  X X X X X X X X X X X X   

Vital signs9 X X X X X X X X X X X X X X X 

Height X               

Weight X X X X X X X X X X X X X X X 

Safety officer assessment10  X X X X X X X X X X X X   

Physical examination11 X X X X X X X X X X X X X X X 

Chest x-ray or CT scan12 X     X  X X X X X X  X 

ECG13 X          X  X  X  

BVAS/WG and flare history14 X     X X X X X X X X X X 

Physician Global Assessment 

Form X     X X X X X X X X X X 

Treatment questionnaire (MD)         X       

VDI  X       X  X  X X X 

AVID  X       X  X  X X X 

Hematology15 X X X X X X X X X X X X X X X 

Chemistry16 X X X X X X X X X X X X X X X 

ANCA (clinical)17 X               

TPMT18 X               

Serum pregnancy test19 X               

UA with microscopy20 X X X X X X X X X X X X X X X 
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(Table 3). Contd….. 

 Week
1
 Month Post-Treatment Follow-up 

Time Point 

Screen- 

ing 

Base-

line
2
 1 2 3 1 2 4 6 9 12 15 18 

Every 6 months 

after V12
3
 

Common 

closing date 

Visit V–1
4
 V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V11 V12 V6-month interval VCCD 

Day 0 1 8 15 22 29 60 120 180 270 365 455 545   

Mechanistic Assays 

PBMC T-cell assay21 X     X X X X  X  X X X 

Whole-blood DNA HLA geno-

typing       X         

Whole-blood flow cytometry–

panel staining21 X   X  X X X X X X X X X X 

Whole-blood gene expression 

profiling21 X   X  X X X X X X  X X X 

Serum-secreted cytokines21 X   X  X X X X X X X X X X 

Serum archive21 X   X  X X X X X X X X X X 

Plasma archive21 X   X  X X X X X X X X X X 

Serum HACA21 X       X X X   X X X 

Serum ANCA21,22 X     X X X X X X X X X X 

Serum PK (rituximab levels)23 X   X  X X X X X   X X X 

Medications 

Glucocorticoid IV24  X              

Glucocorticoid PO X X X X X X X X        

Rituximab/rituximab placebo25  X X X X           

Oral study drug kits26  X X X X X X X X X X X    

Prophylactic medications X X X X X X X X X X X X X X X 

1For visit windows please refer to protocol. 
2Assessments done within 14 days of baseline visit do not have to be repeated at the discretion of the investigator. 
3Until common closing date. 
4The screening visit must be completed within 14 days of the baseline visit. 
5Should be completed before the participant sees the physician, undergoes any tests or treatment, or receives any tests that day EXCEPTION: Screening Visit.  
6Candida and tetanus booster formulation used. Note: skin test placement is required before starting the baseline infusion. Skin test readings are not required prior to infusion.) To be 
repeated for testing immunotolerance in a subset of participants after month 6 (see section 9) 
7Within the last 30 days at the screening visit 
8Not applicable after V12 or termination visit. 
9During the infusion, every 15 minutes for 1 hour; then every 30 minutes; and then at least 1 hour after the completion of the infusion.  
10Not applicable after V12 or termination visit. 
11At baseline/V1 to Week 3/V4 if clinically indicated. 
12CXR is required at either baseline or screening and months 1, 6, 9, 18 for all participants; and at months 2,4,12 and 15 for participants with abnormal CXR at any visit. CXRs ob-
tained within 2 weeks of a study visit does not have to be repeated at the investigator's discretion. CT scans can be performed instead of CXRs at the investigator's discretion. 
13After screening, an ECG must be done at V10, V12, and when the participant withdraws or terminates from the study. 
14Flare history not required at screening and baseline. 
15STAT on V2-V4. If a pre-infusion WBC <3,000/mm3 is noticed, the infusion should be withheld; hematology includes WESR; does not need to be repeated at baseline if not clini-
cally indicated 
16Chemistry includes only BUN, creatinine, and C-reactive protein; it does not need to be repeated at baseline if not clinically indicated 
17The clinical ANCA testing performed at the screening visit will be done locally and will determine the participant’s eligibility. 
18TPMT specimens will be drawn at screening, but results are not required for randomization. TPMT may determined by TPMT testing or a completed AZA course of at least 
125 mg/day. 
19Only for women of child-bearing potential 
20Does not need to be repeated at baseline if not clinically indicated 
21Also to be done at time of flare and switchover (discontinuation of CYC and start of AZA). 
22For mechanistic assays. Not carried out locally 
23See the manual of operation. 
24A maximum of three 1-day glucocorticoid IV doses can be administered. Last glucocorticoid infusion must be given within 14 days before the first rituximab/placebo infusion. 
Infusion 1 and IV steroid can be administered on the same day. See section 6.1 for the roles of the investigator versus the role of the safety officer during the infusion. 
25Participants will be premedicated with diphenhydramine (50 mg) and acetaminophen (650 mg) orally 1 hour (plus or minus 15 minutes) before each infusion. The infusion will be 
administered in a monitored setting, with access to resuscitative drugs, monitoring devices, and CPR equipment.  
26CYC/CYC placebo during remission induction phase; AZA/AZA placebo during remission maintenance phase. Participants will be switched over from CYC/CYC placebo to 
AZA/AZA placebo between 3-6 months as per protocol. 
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month period was selected because it is regarded as the 
minimum period of therapy in regimens involving conven-
tional immunosuppressive agents [9]. Thus, patients enrolled 
early in the trial had significantly longer blinded follow-up 
periods. The mean duration of follow-up was 29 months 
(standard deviation [SD] = 13).  

2.9. Treatments 

2.9.1. Glucocorticoids 

 Patients in both treatment arms received glucocorticoids. 

All patients received at least a one 1000 milligram pulse of 

intravenous methylprednisolone at baseline. Methylpredniso-

lone could be repeated up to a total of 3 doses at the discre-

tion of the investigator. Daily prednisone therapy began the 

day after completion of the methylprednisolone doses. The 

starting dose of prednisone was 1 mg/kg, not to exceed 80 
mg/day.  

 The prednisone taper was designed such that before 

month 6, all patients who had achieved clinical remission 

and not flared were no longer taking any glucocorticoids. 

The entire tapering process required 5 months. The protocol 

mandated the reduction of prednisone to 40 mg/day by the 

timepoint 1 month after the first RTX infusion. However, at 

the investigator’s discretion, the prednisone dose could be 

reduced to 40 mg/d earlier. Once a patient’s dose had been 

decreased to 40 mg/day and maintained for two weeks, step-

wise dose reductions continued every 2 weeks, through daily 

dose levels of 30 mg, 20 mg, 15 mg, 10 mg, 7.5 mg, 5 mg, 
2.5 mg, and 0 mg.  

2.9.2. Remission Induction Medications  

 Patients in the investigational therapy arm received RTX 

(375 mg/m
2
 intravenously each week for four doses), daily 

oral CYC placebo, and glucocorticoids. 

 Patients in the standard therapy arm received four weekly 

infusions of RTX placebo, daily CYC (2 mg/kg, with doses 

modified for renal dysfunction), and glucocorticoids. Pa-

tients who achieved disease remissions between three and six 

months (inclusive) could be switched to the remission main-

tenance medication – azathioprine (AZA) for the patients 

randomized to CYC or AZA placebo for those receiving 

RTX – at that time. However, all patients received a mini-
mum of 3 months of CYC/CYC placebo. 

 The RTX regimen employed in RAVE was the non-

Hodgkin’s lymphoma regimen because it was in AAV pre-
liminary studies [23,24].  

2.9.3. Remission Maintenance Medications  

 Patients in the RTX arm switched from CYC placebo to 

AZA placebo. Those in the standard therapy arm switched 

from CYC to AZA (2 mg/kg/day) [9]. The implications of 

this are critical in evaluating the effects of RTX beyond six 

months because after the achievement of disease remission 

and successful completion of the glucocorticoid taper, pa-
tients in the RTX were on no active therapy.  

2.9.4. Concomitant Medications  

 All patients received Pneumocystis jiroveci prophylaxis, 

consisting of daily single-strength trimethoprim/sulfametho-

xazole, 80mg/400mg. Patients allergic to sulfa medications 
were prescribed appropriate alternatives. 

2.10. Disease Response 

 Disease response, assessed formally at month 1, was de-
fined as: 1) no new disease manifestation; 2) no worsening 
of existing disease; and, 3) reduction of at least 1 in the 
BVAS/WG compared to the score at screening (See Assess-
ment of Disease Activity, below). Early treatment failures 
were defined as failure to achieve a disease response by 
month 1. Because this was a blinded trial of a new, unproven 
therapy compared to an entrenched standard of care regimen 
that is widely regarded as being effective, the investigators 
believed it important to ensure that patients were responding 
to their assigned treatment one month into therapy.  

2.11. Treatment Failure 

 Clinical events that lead to categorization of subjects 
having experienced a treatment failure (early or otherwise) 
are shown in Table 4.  

2.12. Crossovers 

 Subjects who experienced severe disease flares between 

the month 1 and month 6 study visits were crossed over to 

the opposite treatment arm. This feature was deemed essen-

tial to providing equipoise and maintenance of the double-

blind design. Crossover patients were considered treatment 
failures.  

2.13. Treatment of Disease Flares 

 The treatment of disease recurrences was dictated by 

flare severity and the study phase in which it occurred. An 

algorithm for the treatment of disease flares is shown in Fig. 
(2) (Appendix).  

2.13.1. Limited Flares 

 During all trial phases, limited flares were treated by in-

creasing prednisone to a dose selected by the Investigator. 

The new prednisone dose was maintained for 1 month before 
resumption of the taper specified in the protocol.  

2.13.2. Severe Flares During Remission Induction  

 Patients with severe flares that occurred during remission 

maintenance but before month 6 were given the option of 

crossing over blindly to the other treatment arm. Patients 

who crossed over to the other treatment arm underwent the 

full remission induction regimen again, including between 
one and three 1000 milligram pulses of methylprednisolone. 

2.13.3. Severe Flares During Remission Maintenance  

 Patients with severe flares that occurred between months 

6 and 18 were given the option of treatment with open-label 

RTX, accompanied by the glucocorticoid regimen for remis-
sion induction.  

2.13.4. Severe Flares During Best Medical Judgment  

 Severe flares that occurred after 18 months were treated 

at the discretion of the physician-investigator with either 

RTX or CYC, both accompanied by pulse methylpredniso-

lone followed by prednisone. These treatments were admin-
istered on an open-label basis.  
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2.14. Data Collection 

 The types and frequency of data collected for the purpose 
of analyzing trial outcomes are shown in Table 3. 

2.14.1. Follow-Up Visit Schedule  

 In the remission induction phase, patients were evaluated 
at baseline; at weeks 1, 2, 3, and 4; and then at months 2, 4, 
and 6. In the remission maintenance phase, follow-up visits 
occurred every 3 months. In the best medical judgment 
phase, patients had study visits every 6 months until the 
common closeout date. 

2.14.2. Assessment of Disease Activity  

 Disease activity was assessed with the BVAS/WG [28], 
which was developed by investigators who comprised the 
bulk of the RAVE Research Group, has been used in other 
trials [10,24,29], and correlates well with other BVAS in-
struments [30]. 

2.15. Outcomes 

 We designated primary, secondary, and tertiary outcome 
measures (Table 5).  

2.15.1. Primary Outcome Measure  

 The primary outcome measure was a comparison of the 
percentage of patients in the two treatment arms who had a 
BVAS/WG of 0 and successfully completed the prednisone 
taper by the 6 month visit. 

2.15.2. Tolerance Induction  

 The induction of tolerance to the ANCA antigens was a 
secondary outcome in RAVE. We adopted a clinical defini-
tion of tolerance: (1) complete remission without the use of 
immunosuppressive therapy, including glucocorticoids; (2) 
reconstituted peripheral blood B cell count (return to a level 
of absolute CD19+ cells at least 80% of baseline); (3) ab-
sence of ANCA in the serum; and (4) normal response to 
neoantigens.  

2.16. Sample Size and Power 

2.16.1. Statistical Assumptions 

 We made the following assumptions in calculating the 
sample size. First, we estimated that 70% of patients in the 
CYC group would be in remission and off prednisone at 6 
months. This assumption was based upon data from the 
Granulomatosis with polyangiitis (GPA) Etanercept Trial 
[10], a study in which 66% of patients with severe disease 
receiving CYC achieved steroid-free remissions at 6 months 
[WGET Research Group, unpublished data]. Second, a non-
inferiority margin of 20% on the difference in the complete 
remission percentage between the investigational therapy 
arm and the standard therapy arm was accepted (see below). 
Third, we planned to use a one-sided 0.025 alpha-level Chi-
square test. Finally, a 10% dropout rate was anticipated. 
These assumptions required 100 patients in each arm (i.e., a 
total of 200 patients) to have approximately 80% power to 
reject the null hypothesis of inferiority of RTX.  

 To conclude non-inferiority of RTX, two requirements 
had to be met. First, the lower bound of the two-sided 95% 
confidence interval on the difference between the RTX- ver-
sus CYC-treated patients achieving the primary outcome had 
to be greater than the -20% non-inferiority margin. Second, 
if the remission rate of RTX was lower than that of CYC, the 
lower bound of the confidence interval in the CYC arm had 
to be above 40%, to ensure that the control treatment had 
been reasonably effective.  

 The protocol further defined two conditions under which 
superiority could be concluded. First, the lower bound of the 
confidence intervals on the difference between RTX and 
CYC success rates had to be >0. Second, the lower bound of 
the confidence interval of the RTX arm had to be >50%. 

 These conditions were established in pre-trial discussions 
with the Rheumatology Working Group of the FDA. A non-
inferiority trial design with a lower limit of efficacy of 50% 
for the RTX arm – assuming a 70% efficacy in the CYC arm 

Table 4. Clinical Events Categorized as Treatment Failures 

In this protocol, treatment failure that may lead to treatment modification is defined as any one of the following: 

• Death caused by persistent disease activity or by severe infusion reactions within 24 hours of rituximab/placebo infusion. 

• Failure to achieve disease response by the month 1 study visit, i.e., 1 week after the fourth infusion (visit V5). These participants are considered 

early treatment failures and included in the ITT analysis. They are subsequently treated according to best medical judgement. 

• A severe disease flare or a limited flare that requires CYC that occurs after disease response or after achievement of clinical remission or com-

plete remission between visit V5 (1 week after the last rituximab/placebo infusion) and visit V8 (month-6 study visit) or between V5A and 

V8A. 

• Inability to complete glucocorticoid tapering by month 6 (visit V8) because of persistent, recurrent, or progressive disease activity, as measured 

by the BVAS/WG. 

• Inability to complete the full course of rituximab (or rituximab placebo) infusions because of treatment-related adverse effects. This participant 

will be considered an early treatment failure, included in the ITT analysis, and subsequently treated according to Best Medical Judgment. 

• A limited flare within the first 6 months after randomization that cannot be controlled by increasing the prednisone dose. 

• A new severe or limited flare requiring CYC after visit V8 (month 6 study visit) and before visit V12 (month 18 study visit) or after visit V8A 

(month-6 study visit) and before visit V12 (month-18 study visit after V1A). 

• Adverse effects related to CYC/Placebo or AZA/Placebo (e.g., drug-induced cystitis) leading to permanent discontinuation of these study thera-

pies. 

• Neutropenia (WBC < 3,000/mm3) that develops during receipt of rituximab/placebo infusions and that lasts more than 2 weeks. 
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and thereby applying a non-inferiority margin of 20% – was 
considered appropriate based on the following rationale. The 
only study documenting outcomes of patients with untreated 
severe GPA, derived from the pre-CYC era, showed that 
only 50% of patients were alive 6 months after diagnosis [5]. 
Under the conservative (albeit highly improbable) assump-
tion that all patients alive in that study had achieved a spon-
taneous complete remission, RTX therapy could be assumed 
to be effective for severe AAV if the lower bound of the con-
fidence interval for the RTX group in the trial were higher 
than 50%. The achievement of complete remission in more 
than 50% of patients with a drug that potentially offered a 
better toxicity profile than CYC was felt to be clinically im-
portant. 

2.17. Statistical Analysis  

2.17.1. Primary Efficacy Analysis  

 The primary efficacy analysis was performed when all 
patients enrolled had completed their 6 month evaluations. 
An appropriate  adjustment was made to account for the 
Data and Safety Monitoring Board’s review of the efficacy 
margin after the first 100 patients had been enrolled and fol-
lowed for 6 months. We defined in advance superiority in 
efficacy as an analysis we would perform if the conditions 
for non-inferiority were met.  

2.17.2. Adverse Events Analysis  

 We focused on the cumulative occurrence of nine major 
adverse events, selected in consultation with the FDA. These 

pre-specified adverse events included side effects of treat-
ments in both groups that were anticipated to be important in 
assessing the relative merits of the two treatment approaches. 
The events included: (1) Death (all causes); (2) grade 2 or 
higher leukopenia or thrombocytopenia (white blood cell 
count < 3,000/mm

3
 or platelet count < 80,000/mm

3
); (3) 

grade 3 or higher infections; (4) hemorrhagic cystitis; (5) 
malignancy; (6) venous thromboembolic event (deep venous 
thrombosis or pulmonary embolism); (7) hospitalization re-
sulting either from the disease or from a complication due to 
study treatment; (8) infusion reactions that occurred within 
24 hours of infusion and resulted in the cessation of further 
infusions; and (9) cerebrovascular accidents. The numbers of 
these events per patient-year of follow-up in the two treat-
ment groups was compared at 6, 12, and 18 months. 

2.18. Monitoring  

2.18.1. Data and Safety Monitoring Board  

 The Data and Safety Monitoring Board (DSMB) for 
RAVE was the committee formed by the Division of Al-
lergy, Immunology, and Transplantation (DAIT) at NIAID 
to oversee clinical trials in autoimmunity. This committee is 
comprised of academic physician-investigators, clinical trial-
ists, and biostatisticians appointed by the trial sponsor, NI-
AID. The specific identities of the individuals on this com-
mittee are not revealed, so as to avoid potential biases.  

 During the review process, the DSMB was blinded to 
specific treatment assignments. However, the DSMB could 
vote to permit unblinding if necessary to ensure patient 

Table 5. Rave Outcome Measures 

Primary 

 The percentage of participants who have a BVAS/WG  of 0 and have successfully completed the glucocorticoid taper by 6 months after randomi-

zation. 

Secondary 

 1. The major adverse event rate, expressed as adverse events per participant-year during the 6, 12, and 18 months after randomization for the 

following adverse events combined (See Adverse Events Analysis). 

2. The two-sided 95% CI of the percentage of participants who have a BVAS/WG  of 0 and have successfully completed the glucocorticoid taper 

by 6 months after randomization and two-sided 95% CI of the difference between the two arms. 

3. The duration of remission, the time to limited and/or severe flare after remission in the two treatment groups. 

4. The percentage of participants who meet the criteria for clinical tolerance (See Immune Tolerance) at 12 and 18 months after randomization 

and at the common closing date. 

Tertiary 

 1. The percentage of participants in complete remission at 12 and 18 months after randomization. 

2. The cumulative BVAS/WG AUC during the 6, 12, and 18 months after randomization. 

3. The percentage of participants who achieve and maintain partial remission (defined as having a BVAS/WG  2 and being off prednisone) at 

months 6, 12, and 18. 

4. The percentage of participants who achieve a BVAS of 0 on prednisone <10 mg/day at 6, 12, and 18 months after randomization. 

5. The percentage of participants who achieved remission after blinded crossover. 

6. The cumulative steroid dose between groups for participants at 6, 12, and 18 months. 

7. The number of severe flares in participants at 6, 12, and 18 months. 

8. The number of limited flares in participants at 6, 12, and 18 months. 

9. The percentage of participants in each study arm who were considered treatment failures (See Table 4) before month 6. 

10. The percentage of participants who withdraw from the study or treatment because of drug intolerance (e.g., emesis, infusion reactions). 

11. Laboratory markers of inflammation (ESR and CRP). 
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safety. The DSMB was authorized to recommend stopping 
the trial at any time if evidence of an extraordinary differ-
ence in efficacy emerged or an important disparity in safety 
occurred. However, the DSMB did not establish hard stop-
ping rules related to either efficacy or futility.  

2.18.2. Adverse Events Reporting  

 Adverse events were graded according to the National 
Cancer Institute Toxicity Grading Scale [31].  

2.19. Mechanistic Studies 

 The narrow mode of action of RTX provided unique op-
portunities for mechanistic studies that address the central 
hypothesis related to tolerance; namely, that tolerance to the 
self-antigens PR3 or MPO can be restored by anti-CD20 
therapy because of the elimination of PR3- or MPO-specific 
memory B cells.  

2.19.1. Sample Collection 

 Whole blood flow cytometry was performed centrally at 
the time of each visit to evaluate the development, frequen-
cies, and activation status of B and T cells, natural killer 
cells, and myeloid and dendritic cells. The flow cytometry 
panel is shown in Table 6. 

 Peripheral blood mononuclear cells (PBMC) were pre-
pared at each visit. We plan to perform PBMC-Elispot as-
says to determine the proliferative responses as well as anti-
body and cytokine production of B and T lymphocytes upon 
antigen stimulation. 

 Serum and plasma samples were also collected at each 
visit for batch measurements of ANCA, B cell lymphocyte 
stimulator (BLyS/BAFF), other cytokines, and future ancil-
lary studies. Both high and low molecular weight DNA was 
harvested from peripheral blood for studies designed to un-
derstand genetic predictors of clinical outcomes. Whole-
blood RNA was stored for investigations of gene expression 
profiling and the identification of associations with treatment 
response, specific drug resistance and toxicities, and disease 
relapses. 

2.19.2. ANCA Assays 

 ANCA assays were performed using complementary 
testing methods, including standard immunofluorescence and 
direct and capture enzyme immunoassays [32-35]. 

2.19.3. Vaccine Study 

 In order to assess patients’ immune responses to recall 
and neoantigens, we designed a vaccine substudy to assess 
both cellular and humoral immunity by testing responses to 
both T cell-dependent and T cell-independent antigens. Two 
T cell-dependent vaccines were used: (1) the Candida and 
tetanus (booster formulation) skin test as T cell-dependent 
recall antigens. (2) the Haemophilus influenzae type b vac-
cine. Unconjugated pneumococcal vaccine was used as T 
cell-independent vaccine. Serum for measurements of the 
antibody responses to the vaccines was obtained at baseline, 
before immunization, and at 4–6 weeks after immunization. 
Participation in this vaccine study was optional and adminis-
tered under separate informed consent in patients who had 

Table 6. Flow-Cytometry Antibody Panels 

FITC PE PerCP PECy7 APC Function Cell population/subset 

CD1c IgD CD27 CD19 IgM B cells mature, naïve 

CD44 IgD CD38 CD19 CD10 B cells mature, naïve 

CD77 IgD CD38 CD19 CD23 B cells mature, naïve 

CD1c CD21 CD5 CD19 CD23 B cells B1 

CD1c CD95 CD27 CD19 CD20 B cells apoptosis 

HLA-Dr CD80 CD27 CD19 CD86 B cells mature, costimulation, antigen presentation 

CD11c CD80 CD3,56,19,14 HLA-Dr CD8 DCs, monocytes Costimulation, antigen presentation 

CD11c IFNa CD3,56,19,14 HLA-Dr CD123 DCs cytokine production, antigen presentation 

CD8 CD69 CD4 CD3 CD122 T cell subsets activation 

IFNg IL-4 CD8 CD3 CD4 T cell subsets activation, Th1/Th2 profile, cytokine production (as of 

10/1/06 carried out on frozen cells) 

IgG IgG CD8 CD3 CD4 T cell subsets Isotype contols (as of 10/1/06 carried out on frozen 

cells) 

CD45RA CD45RO CD8 CD4 CD62L T cell subsets naïve, memory, activation 

6B11 v alpha 24 CD8  CD4 NKT cells  

CD8 CD25 CD4 CD3 CD62L T regulatory,  

CD4 T cells 

activation 

IgG1 IgG1 IgG1 IgG1 IgG1  Isotype control 
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fulfilled the other components of the tolerance definition 
after month 18. 

3. RESULTS 

3.1. Enrollment 

 The initial concept proposal for RAVE was submitted to 
the ITN in November, 2002. Funding was granted in May, 
2003. Protocol development was completed in the fall of 
2004. The first patient was enrolled on December 28, 2004. 
The 197th patient was enrolled at the end of June, 2008. The 
decision was made to stop enrollment at that time because 
the observed drop-out rate was lower than anticipated.  

3.2. Challenges 

 The effects of both CYC and RTX posed potential for 
unblinding. To conceal the diffuse alopecia that is often as-
sociated with CYC use from the investigators who assessed 
clinical outcomes, all patients wore hats to their study visits 
for 6 months following the discontinuation of CYC or CYC 
placebo. Laboratory results such as leukopenia or macrocy-
tosis could also have led to unblinding. Thus, each subject 
was evaluated by two clinicians, a Safety Officer and an In-
vestigator. The Investigator, who performed the BVAS/WG 
assessment, viewed only redacted reports of laboratory re-
sults, with white blood cell count, lymphocyte count, and 
mean corpuscular volume values blacked out by the site 
Trial Coordinator. Mild infusion reactions attributable to 
RTX occur in approximately 10% of patients [Rituximab 
Investigator’s Brochure] and infusion reactions can also oc-
cur among placebo-treated patients. Thus, the occurrence of 
an infusion reaction did not necessarily unblind the patient’s 
treatment assignment. To prevent unblinding of the Investi-
gator, the Safety Officer evaluated and treated all patients 
with possible infusion reactions. Moreover, subjects were 
asked to report potentially CYC- or AZA-related adverse 
events such gastrointestinal symptoms only to the Safety 
Officer. 

 AZA was used in lieu of CYC in the remission mainte-
nance phase of the trial. Subjects’ ability to metabolize AZA 
is determined by the presence or absence of alleles for thio-
purine methyltransferase (TPMT) [36]. Because the time 
required to receive the results of TPMT testing would have 
constituted an unacceptable delay before initiating trial ther-
apy, TPMT alleles were tested at entry but randomization 
proceeded before the results became available. Patients het-
erozygous for TPMT continued in the protocol but at a re-
duced dose of AZA/AZA placebo. Patients who were homo-
zygous negative for the TPMT allele were unblinded at 6 
months and treated thereafter according to best medical 
judgment.  

3.3. Summary of Efficacy and Adverse Events Results to 
Date 

 The six-month primary outcome data have been pub-
lished [37]. The two treatment groups were equivalent at 
baseline with regard to baseline disease activity, organ in-
volvement, and the proportion of patients with new disease 
at entry. Sixty-three (64%) of patients assigned to RTX 
achieved the primary outcome as compared with 52 (53%) in 
the CYC arm, meeting the criterion for non-inferiority 
(p<0.001). The superiority comparison for RTX versus CYC 

fell short of statistical significance (p = 0.089), but RTX was 
more efficacious than CYC for remission induction among 
the subset of patients with relapsing disease at trial entry: 
34/51 (66.7%) patients allocated to RTX achieved this 
measure, compared to 21/50 (42.0%) randomized to CYC 
(p=0.01). This finding persisted even after controlling for 
differences in ANCA type and clinic site (odds ratio 1.40; 
95% confidence interval [CI] 1.03, 1.91; p=0.03). RTX was 
also as effective as CYC for treating subsets of patients re-
garded as having the most severe disease; namely, patients 
with either major renal disease or alveolar hemorrhage. 
There were no differences between treatment groups in ad-
verse event (AE) rates, serious AE rates, or non-disease re-
lated AEs at 6 months [37].  

3.4. Ongoing Analyses 

 Analyses of data pertaining to treatment efficacy and 
adverse effects beyond six months, extending to 18 months 
of follow-up and beyond, are ongoing. Mechanistic studies 
on samples up to 18 months and beyond are also under way.  

4. DISCUSSION  

4.1. Equipoise  

 Despite the fact that CYC has been established in the late 
1960s as the standard of care for remission induction in 
AAV, strong equipoise existed for RAVE. The conventional 
regimen of CYC and high-dose glucocorticoids has well-
recognized toxicities and is ultimately unsuccessful in main-
taining remission for the majority of patients [10]. Prelimi-
nary data on the use of RTX in AAV were promising [22-
24], and the early studies of RTX used strict definitions of 
remission with a validated instrument [28]. Further uncon-
trolled studies were felt unlikely to augment the knowledge 
base related to the safety of rituximab, and such studies are 
not reliable tests of efficacy. A randomized, double-blind 
trial was the only way to achieve the dual goals of testing 
RTX rigorously and determining the impact of this therapy 
on tolerance induction.  

4.2. Safety Checks for Challenging the Standard of Care  

 Because of concern among the Research Group related to 
treating severe AAV without CYC, we built into the protocol 
several provisions designed to protect patients in the event 
that the hypothesized efficacy of RTX proved unfounded. 

• Frequent follow-up after randomization. This fea-
ture was inherent in the design of RAVE, because 
patients had to be evaluated clinically for at least 
four consecutive weeks to receive their treatment 
infusions. In addition, patients were evaluated for a 
strictly-defined disease response by the 1 month 
visit in order to continue on their assigned therapy 
(See Disease Response, Section 2.11). 

• Careful definition of early treatment failures (Table 

1). The DSMB was instructed to recommend stop-
ping the trial if an unexpected number of such 
events occurred among the first patients enrolled. 

• Treatment with glucocorticoids. Patients in both 
arms were treated with pulse methylprednisolone. 
High doses of glucocorticoids were expected to 
temper the manifestations of severe AAV. Thus, the 
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glucocorticoid regimen provided some effective 
therapy during the period when the CYC and RTX 
are only beginning to exert their effects.  

• Availability of crossover. Blinded crossover was 
available for patients who experienced severe dis-
ease flares during the remission induction phase.  

• Physician judgment. Trial physicians were allowed 
to discontinue patients from the trial at any time if 
they believed that treatment on the basis of best 
medical judgment was in the patients’ best interest. 

• Exclusion of patients with AAV with the most severe 
involvement of the kidneys or lungs. Patients with 
serum creatinine concentrations > 4.0 mg/dL or on 
mechanical ventilation were not eligible for RAVE.  

4.3. Open-Label RTX During Remission Maintenance  

 The decision to treat severe disease flares in the remis-
sion maintenance phase with open-label RTX deserves 
comment. If a patient (randomized to either RTX or CYC) 
had achieved disease control and completed the first 6 
months of the trial, then the therapy to which the patient had 
been randomized was successful in inducing remission.  

 Assuming then that the patient had been randomized 
originally to CYC, the readministration of CYC to induce 
remission would have subjected the patient to a significantly 
increased risk of treatment-associated morbidity. The side 
effects of CYC relate strongly to the dose and duration of 
therapy [11,16,38]. Given the equipoise of this trial, an at-
tempt to induce remission with RTX in that setting was ap-
propriate. On the other hand, if the patient had been random-
ized originally to RTX, a second administration of RTX was 
reasonable because of the indications from clinical studies in 
other diseases that the side effect profile of RTX might be 
superior. Moreover, information to date from the use of RTX 
in non-Hodgkin’s lymphoma and rheumatoid arthritis indi-
cates that the administration of a second course of RTX is as 
safe as the first course and not associated with loss of effi-
cacy [39-42].  

4.4. Impact of the Funding Source  

 The funding source for the trial had an important impact 
on the design of RAVE. The overarching aim of the ITN is 
to develop therapies for immunologically-mediated disor-
ders, inflammatory diseases, and organ transplantation that 
restore tolerance. This ITN focus had two implications for 
the design of RAVE.  

 First, although remission induction and successful gluco-
corticoid taper by 6 months were designated as the primary 
outcome, secondary outcome measures related to immune 
tolerance necessitated follow-up for a period significantly 
longer than 6 months. The minimum follow-up of 18 months 
in this trial offered the opportunity to understand the effects 
of RTX administration in a variety of clinical scenarios, e.g., 
after a previous course of RTX or following the first induc-
tion of remission with a regimen involving CYC.  

 Second, the desire to understand the impact of RTX on 
immune tolerance meant that second courses of this medica-
tion could not be built routinely into the protocol. Indeed, 
with regard to AAV, the optimal timing of RTX readminis-

tration, if warranted, was not clear at the time the trial was 
designed and remains unclear at the time of this writing.  

 Genentech staff had a consultative role in study design 
and participated in a pre-trial meeting with the FDA related 
to the potential labeling of RTX for remission induction in 
AAV. Genentech representatives also approved the trial pro-
tocol, participated in regular conference calls of the Study 
Management Team, and provided safety updates on RTX 
studies in other immunologic indications such as rheumatoid 
arthritis. However, Genentech/Biogen IDEC staff had no 
direct input into the procedures for data collection or the 
analysis of trial data, and no decision-making rights regard-
ing what data to publish or when to publish it.  

4.5. The RAVE Results in Context 

 The RAVE trial marked a major challenge to CYC as the 
cornerstone of remission induction therapy in severe AAV. 
No head-to-head comparison of any agent against CYC for 
patients severe AAV had ever been attempted before the 
RAVE trial. The primary outcome results of the trial demon-
strated that treatment with RTX and glucocorticoids is not 
inferior to the standard regimen in patients with new-onset 
severe AAV. The trial also showed that RTX and glucocorti-
coids are superior to the standard regimen of CYC and glu-
cocorticoids for remission induction in severe relapsing 
AAV.  

 The RAVE results reported to date focus exclusively on 
remission induction but do not address the question of re-
treatment. RTX was not re-administered following the return 
of peripheral blood B-cells (anticipated by 9-12 months). 
Longer follow-up in the present trial is important to under-
stand the benefits and risks of RTX therapy for AAV. 
Analyses of patients followed for a minimum of 18 months 
will explore issues such as the need for re-treatment, particu-
larly in the context of peripheral B-cell reconstitution.  

4.6. FDA Discussions  

 The acceptance of CYC as the standard of care for remis-
sion induction in severe AAV for several decades is based on 
results from large uncontrolled cohort studies and expert 
opinion. However, no medication (including CYC) has ever 
been approved by the FDA for the treatment of AAV. This 
fact posed a hurdle in the design of this non-inferiority trial 
and is a problem encountered commonly by investigators 
who intend to design trials that challenge the “standard of 
care” in any condition when no such standard is recognized 
in the form of an FDA-approved regimen.  

 Because of the lack of data from randomized, controlled 
trials on the effect of CYC in AAV, the FDA required us to 
demonstrate not only the relevance of proving non-
inferiority to CYC, but also superiority to the expected rate 
of primary outcome achievement in untreated patients. This 
point was more difficult to demonstrate, because of the pau-
city of data on the natural history of untreated disease in the 
modern era. However, case series published in 1958 [5] and 
1967 [43] were instrumental in showing that the lower limit 
of the confidence interval proposed for our primary outcome 
measure – set at 50% of the patients in the RTX group 
achieving a BVAS/WG of zero at 6 months (off glucocorti-
coids) – would far exceed the anticipated remission rate in 
patients with severe AAV treated with placebo.  
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 Key elements of our discussions with FDA about the 
selection of the appropriate non-inferiority margin, primary 
outcome selection, and demonstration of efficacy of a novel 
therapy in this rare disease have been published in a Draft 
Non-inferiority Guidance Document for Industry. (http:// 
www.fda.gov/downloads/Drugs/GuidanceComplianceRegula
toryInformation/Guidances/UCM202140.pdfhttp://www.fda. 
gov/downloads/Drugs/GuidanceComplianceRegulatoryInfor
mation/Guidances/UCM202140.pdf). 

 Important discussion points in the development phase of 
RAVE were the orphan disease status of AAV and the prac-
tical implications of this status for sample size. The FDA 
Guidance Document indicates that flexibility in the design of 
non-inferiority trials may be given by the FDA when: 1) the 
difference between the active control response and the re-
sponse of untreated patients is large; 2) the primary endpoint 
does not involve an irreversible outcome; 3) the experimen-
tal treatment is associated with fewer serious adverse events 

than currently available therapies; or, 4) when the experi-
mental medication is in a new pharmacologic class and is 
shown to be better tolerated than other available treatments. 
The design of the RAVE trial aligned with all of those ele-
ments and thus represents a paradigm for designing a pivotal 
trial in an orphan disease indication. 
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APPENDIX 

Study Flow Charts for RAVE Subjects with Severe ANCA-Associated Vasculitis 
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(months 2–6)

Disease response
at month 1?

Symptoms 
resolved?

Stop treatment
(see Note)

BMJ

YES

NO
NO

NO

YES

NO

YES

YES

Randomization to Month 1

YES

Treatment failure: 
BMJ

Note: Refer to Rituxan® package 
insert for signs and symptoms of 
infusion reactions and instruction 
on how to resume infusion. 

Disease Response: A 
reduction of at least 1 in the 
BVAS/WG compared to the 
baseline measure and no new 
disease manifestation
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Drug-related 
toxicities?

Months 2–6 CYC/CYC placebo

Increase prednisone 
for 1 month 

Disease 
controlled?

Reduce treatment 
50%

Symptoms resolved 
within 4 weeks?

Toxicities 
controlled?

Continue prednisone taper 

Continue to maintenance phase; 
off prednisone and on

AZA /AZA placebo months 7–18

continue

No toxicity or flare 
months 2–6

Continue prednisone taper; on 
AZA/AZA placebo months 7–18

C
Y

C
 to

 A
Z

A
, P

re
dn

is
on

e 
ta

pe
r

Treatment failure: 
BMJ

Flare?

Primary endpoint: At month 6,
BVAS=0 and off prednisone 

Stop treatmentMODERATE

NO

NO

YESNO

YES

NO

Severe

YES

YES

Cross over

Begin 2nd taper

Limited; no CYC

Severe or 
limited; CYC 

indicated

Months 7–18 AZA/AZA placebo

Drug-related 
toxicities?

Reduce treatment 
50%

Symptoms
resolved

within 4 weeks?

Treatment failure
BMJ

Toxicities 
controlled?

Continue maintenance treatment 
(AZA /AZA placebo) until month 18

Stop treatment

No toxicity or 
flare months 

7–18

CCC and 6-month follow-up visits after month 
18 until common closing date

Start or increase 
prednisone for 1 month

Disease 
controlled?

Begin prednisone  taper and 
continue AZA/AZA placebo

SEVERE

MODERATE

YES

NO
NO

YES

NO

Flare?

Limited, no CYC

Severe or 
Limited CYC 

indicated

Steroid + open 
label rituximab

if not 
contraindicated; 

otherwise, 
BMJ

YES

BMJ: best medical judgment
CCC: continuation of clinical care
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