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 ABSTRACT
Standard therapy for granulomatosis with polyangiitis and 
other vasculitides is a combination of cyclophosphamide 
and glucocorticoids. Although most patients achieve 
remission, relapses and treatment-related morbidities 
are common. Clinical trials have yielded a wealth of 
data about less toxic alternatives to standard therapy, 
including new agents and methods of delivery. All aim 
to reduce long-term exposure to cyclophosphamide and 
glucocorticoids and so maintain safety while effectively 
preventing relapse. Individualized evaluation of  risk and 
treatment selection will help maximize effectiveness and 
minimize toxicity.

I n 1958, shortly after the fi rst descriptions of granu-
lomatosis with polyangiitis, or GPA (Wegener’s 
granulomatosis), the 1-year mortality was 18%,1 
mainly due to renal failure. Physicians tried to com-

bat the disease using various immunosuppressive drugs 
(nitrogen mustard and, in later years, azathioprine and 
methotrexate), but measurable success came only after 
investigators introduced cyclophosphamide (CYC) in 
combination with the glucocorticoid prednisone.2

A key 1992 study showed that the CYC/prednisone 
combination markedly improved the disease status in 
91% of patients,3 with 75% achieving complete remis-
sion. The treatment came at a price, however, with 
almost all patients suffering serious morbidity or side 
effects. The results also highlighted concerns about 
potential malignancies caused by prolonged use of CYC 
and glucocorticoids. Those concerns motivated the 
European Vasculitis Study Group in the late 1980s and 
early 1990s to design and validate testing for antineutro-
phil cytoplasmic antibody (ANCA)–associated vasculi-
tides (AAV) and pursue consensus regarding treatment.4

 ALTERNATIVES TO STANDARD THERAPY
The accepted therapeutic strategy for GPA is to fi rst 
induce remission using high doses of CYC and then 
prevent relapse with longer-term, less toxic therapeutic 
alternatives. These less toxic therapies include newer 

agents as well as new methods of delivery, particularly 
for patients with nonsevere forms of disease. 

Methotrexate—effective for early treatment
Methotrexate showed early promise in several non-
randomized trials of patients with nonsevere disease. In 
one such study, de Groot et al subclassifi ed 100 patients 
at diagnosis according to the extent and severity of 
the disease.5 Patients were then randomized to receive 
either standard oral CYC or methotrexate, each com-
bined with prednisolone. Remission rates (90% to 94%) 
were comparable regardless of whether patients received 
CYC or methotrexate, although patients with more 
severe disease who were taking methotrexate took lon-
ger to achieve remission. At the same time, relapse rates 
were higher for methotrexate-taking patients (70%) 
compared with the CYC group (47%). Thus, while 
methotrexate could replace CYC for initial treatment of 
early AAV, CYC had a greater infl uence on subsequent 
relapse rates, particularly in patients with more severe 
forms of disease. 

Pulse cyclophosphamide—a new method
Investigators tested pulse delivery of CYC compared 
with oral daily administration as a means of reducing 
the CYC dose. An analysis of 14 relatively small studies 
showed that pulse CYC had the same survival and renal 
failure rates as continuous therapy.6

One such trial, the CYC Daily Oral Versus Pulsed 
(CYCLOPS) trial, involved 149 patients with general-
ized disease (nephritis, GPA, and microscopic polyan-
giitis [MPA]) who were administered either an intra-
venous (IV) pulse or a daily oral CYC regimen.7 The 
pulse CYC neither shortened patients’ time to remission 
nor increased the proportion of patients who achieved 
it. Patients receiving pulse CYC suffered one-third the 
rate of leukopenia experienced by patients who received 
the oral regimen. Since infection is a source of mortal-
ity in vasculitis, this fi nding is an important consider-
ation when balancing the benefi ts of day-to-day control 
offered by oral administration against the safety of at-
risk patients such as the elderly. 

This treatment strategy may be relevant for patients 
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with renal impairment. It was once thought that 
patients with renal failure after receiving CYC had 
more aggressive disease and therefore needed higher 
dosages. Investigators who studied the impact of renal 
insuffi ciency and hemodialysis on the pharmacokinet-
ics of CYC found that clearance of CYC is impaired 
in patients with reduced renal function.8 Thus, when 

renal function is suppressed, the CYC dosage should be 
reduced rather than increased. 

Mycophenolate mofetil—effi cacy not yet confi rmed
Another alternative to CYC, mycophenolate mofetil 
(MMF), has gained much attention, although its effec-
tiveness is not yet certain. Pilot data show that 13 of 17 

MAINTENANCE THERAPY
A major challenge in treating vasculitides is preventing 
relapse while also avoiding treatment-related toxicity. The 
current standard is to switch patients, on remission, from 
cyclophosphamide (CYC) therapy to an alternative mainte-
nance therapy. Azathioprine, methotrexate, mycophenolate 
mofetil (MMF), and lefl unomide have advantages as well as 
disadvantages. 

Azathioprine
In a trial of 155 patients newly diagnosed with generalized 
vasculitis,15 investigators found that substituting azathioprine 
at or after remission prevented relapse at a rate comparable 
to that observed with continued CYC. 

Conclusion: azathioprine is a safe alternative to standard 
therapy. 

Methotrexate
The Wegener’s Granulomatosis-Entretien (WEGENT) trial, a 
prospective, open-label trial, compared methotrexate with 
azathioprine (Figure). Investigators found no difference in 
relapse rates or the number of adverse effects in 159 patients 
with granulomatosis with polyangiitis (GPA) who had entered 
remission.16 However, approximately 50% of all patients 
relapsed after 3 years. 

Conclusion: like azathioprine, methotrexate effectively 
prevents relapse, but the therapy still has shortcomings and 
should be avoided in patients with renal insuffi ciency. 

Mycophenolate mofetil
Because studies showed that MMF worked better than 
azathioprine in preventing renal transplant rejection, MMF 
was studied for its effi cacy in preventing fl are in vasculitis. 
In the International MMF Protocol to Reduce Outbreaks of 
Vasculitis (IMPROVE) trial, standard CYC was administered 
followed by either azathioprine or MMF.17 Results of previous 
studies suggested that MMF would be more effective than 
azathioprine, but the opposite was observed: patients receiv-
ing MMF experienced double the relapse rate compared with 
azathioprine. 

Conclusion: azathioprine and methotrexate are equally 
effective in maintaining remission, while MMF is less effec-
tive than azathioprine (Figure); however, MMF could be used 

as an alternative in patients with renal impairment, where it 
carries less risk. 

Lefl unomide
The German Network of Rheumatic Diseases compared 
lefl unomide with methotrexate for remission maintenance 
following CYC induction.18 The trial was halted early after 
investigators observed an excess of relapses in the methotrex-
ate group. At the same time, the number of severe relapses in 
the methotrexate group was exactly balanced by the number 
of severe events in the lefl unomide group. 

Conclusion: lefl unomide, at the high doses used in the 
study, is more effective than methotrexate, but patients may 
pay a price of higher toxicity.

GLUCOCORTICOID
In response to concerns that the glucocorticoid portion of 
standard therapy is driving much of the early toxicity that 
patients experience, investigators recently launched the 
PEXIVAS trial, in which patients receive plasma exchange in 
addition to immunosuppressive and glucocorticoid therapy. 
The study is comparing two different intravenous (IV) and oral 
glucocorticoid regimens for patients who have either severe 
renal disease or lung hemorrhage. A recent meta-analysis 
found that longer courses of glucocorticoids are associated 
with lower relapse rates.19

Conclusion: glucocorticoid withdrawal may increase 
relapse risk.

CYCLOPHOSPHAMIDE
To determine how best to initiate CYC therapy, we followed 
up on patients who participated in two trials—one comparing 
short-term, 3-month CYC with 12 months of oral CYC20 and 
one that compared IV with oral CYC.7 Initially, there was no 
difference in relapse rate, but approximately 30 months after 
termination of therapy, an excess of relapses was observed in 
the groups that received either the shorter-duration or the IV 
course of CYC. These patients received approximately one-half 
the cumulative CYC exposure compared with that received by 
the daily oral group.

Conclusion: a lower cumulative CYC dosage is associated 
with higher relapse risk. 

Summary of treatment recommendations
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patients with MPA achieved remission after 6 months 
of treatment with MMF.9 Meanwhile, the so-called 
MYCYC trial, in which patients with newly diagnosed 
AAV receive either the CYCLOPS regimen or MMF, is 
under way.10

Deoxyspergualin—remission not sustained
A nonstandard drug that warrants attention is deoxy-
spergualin (now called gusperimus), licensed in Japan 
for 15 years. In a prospective, open-label trial of 45 
patients with relapsing or refractory GPA, investigators 
showed that 95% achieved partial remission and 45% 
full remission, although remission was not sustained 
when therapy was stopped.11 Because the drug must be 
administered daily for 21 days by subcutaneous injec-

tion, deoxyspergualin is not easy to use. It may represent 
an alternative, however, because it permitted predniso-
lone dosage reduction. 

 EVALUATING RISK AND CHOOSING THERAPIES
Considering all of the available data, the question arises 
regarding what to prescribe for patients who present 
in a variety of contexts. On the basis of evidence and 
consensus, the European League Against Rheumatism 
(EULAR) has published recommendations for the 
evaluation, investigation, treatment, and monitoring of 
patients with primary, small-vessel,12 large-vessel,13 and 
ANCA-associated14 vasculitides (see “Summary of treat-
ment recommendations,” page S47).15–20 

 CONSIDERATIONS IN CHOOSING 
REMISSION THERAPY

Overall, when planning remission therapy and its dura-
tion, clinicians must balance the effi cacy of CYC and 
glucocorticoids against their toxicity. Close monitor-
ing and the patient’s capacity to adhere to instructions 
are two critical issues. Other important considerations 
include the risk and consequences of relapse, which vary 
in different circumstances, and the association of cancer 
with CYC therapy.

Relapse risk is variable
Certain patients are at higher risk of relapse than oth-
ers. Patients with GPA or proteinase-3-ANCA–positive 
disease are at higher relapse risk than those who have 
MPA. ANCA-positive disease in remission or rising 
ANCA markers both increase the risk of relapse. Ear, 
nose, throat, and lung diseases increase the likelihood of 
relapse. Patients with GPA who are Staphylococcus aureus 
carriers have increased risk. Serum creatinine levels of 
2.0 to 3.0 mg/dL at the end of induction therapy should 
arouse concern about renal relapse.

Most relapses affect the ear, nose, and throat system 
and do not threaten vital organs. Relapse does not 
increase the risk of end-stage renal disease or death. 

Consider mortality and cancer data
Although the strongest predictor of early death is infec-
tion, advanced age and renal impairment also predict 
death. Chronic kidney disease stage at entry and glo-
merular fi ltration rate signifi cantly predict mortality.21 
More than 36 g CYC (equivalent to 9 to 12 months 
of standard oral therapy) increases the risk of bladder 
cancer 10-fold and myeloid leukemia 60-fold, but the 
cancer risk is time-dependent; malignancy requires 12 
years on average to emerge.22 

 CONCLUSION 
Cyclophosphamide in combination with glucocorticoids 
remains the standard therapy for GPA and related vas-
culitides, despite the risk of signifi cant treatment-related 

FIGURE. Azathioprine and methotrexate have comparable effi cacy 
in maintaining remission (A).15 The relapse rate with mycopheno-
late mofetil, on the other hand, is nearly double that observed with 
azathioprine (B).16

(A) Reprinted with permission from The New England Journal of Medicine 
(Pagnoux C, et al. Azathioprine or methotrexate maintenance for ANCA-associated 
vasculitis. N Engl J Med 2008; 359:2790–2803). Copyright © 2008 Massachusetts 

Medical Society. All rights reserved. (B) Reprinted with permission from JAMA 
(Hiemstra TF, et al. Mycophenolate mofetil vs azathioprine for remission maintenance in 
antineutrophil cytoplasmic antibody-associated vasculitis. JAMA 2010; 304:2381–2388). 

Copyright © 2010 American Medical Association. All rights reserved.
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comorbidities. Several strategies can be employed to 
reduce exposure, such as sequential withdrawal of CYC 
and IV administration. The optimization of glucocor-
ticoid dosing will be a major research focus in the next 
decade. Newer agents may improve the maintenance of 
remission; for example, azathioprine and methotrexate 
show equal effi cacy and safety, while MMF is less effec-
tive. When planning remission maintenance therapy, 
the relapse risk should be considered carefully because 
it varies among clinical scenarios. Other factors in 
the decision include the consequences for the patient, 
monitoring requirements, and the patient’s ability to 
understand and adhere to instructions. 
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 ABSTRACT
Granulomatosis with polyangiitis (GPA) is a type of vasculitis 
that affects the respiratory tract and kidneys. Without 
treatment, half of patients die within 6 months. Standard 
therapy (a daily combination of cyclophosphamide and glu-
cocorticoids) can induce remission, but the duration is short 
and treatment is plagued by serious morbidity. Advances in 
understanding the potential target of cyclophosphamide—
B cells, that indirectly give rise to antineutrophil cytoplasmic 
antibodies (ANCA)—led to a new B-cell–targeted strategy. 
We administered rituximab, an anti–B-cell agent, to patients 
with severe GPA and microscopic polyangiitis. Overall, 
rituximab matched the effi cacy of cyclophosphamide in 
inducing remission and was superior in patients with relaps-
ing disease. The timing of re-treatment can be individualized 
based on patients’ B-cell counts and ANCA levels in patients 
with chronically relapsing GPA.

G ranulomatosis with polyangiitis (GPA [Wegen-
er’s granulomatosis]) is a vasculitis that affects 
the renal and respiratory systems. Remission 
can be induced in most patients with the 

combination of glucocorticoids and cyclophosphamide. 
Unfortunately, patients often suffer disease relapses 
requiring re-treatment and exposure to the cumulative 
toxicities of repeated cyclophosphamide use. In recent 
years, improved understanding of the mechanisms of 
action of cyclophosphamide has led to investigation of 
treatment strategies that target the role of B cells more 
specifi cally in the pathogenesis of the disease.

This article reviews the results of recent studies 
involving the use of biologic therapy in the treatment 
of GPA, with a brief examination of historic events that 
infl uenced the design of recent trials.

 HISTORICAL PERSPECTIVE
The natural history of GPA was characterized in 19581 in 
a retrospective study showing that 50% of those affl icted 
died within 6 months, and 80% died by 18 months. 
Prednisone and cyclophosphamide changed this dismal 

outcome. The combination markedly improved the sta-
tus of 91% to 93% of patients,2,3 with most achieving 
complete remission. Treatment came with a price, how-
ever. Almost all patients suffered serious morbidity or 
side effects, including chronic renal insuffi ciency (11% 
requiring dialysis), recurrent infections, hearing loss, 
infertility, and diabetes. In addition, most patients (99 
of 155 in one study) suffered relapse and a signifi cant 
number (19 of 155) died because of the disease or its 
treatment.

Investigators’ pursuit of treatment alternatives 
included foregoing cyclophosphamide in patients who 
had limited or early systemic GPA and reducing the 
duration of treatment for patients with severe disease.4 
Studies conducted in the late 1990s defi ned what even-
tually became standard therapy for GPA: remission 
induction with glucocorticoids and methotrexate for 
limited GPA and with glucocorticoids and cyclophos-
phamide for severe disease. Following remission induc-
tion, after 3 to 6 months cyclophosphamide is replaced 
by azathioprine or methotrexate for remission mainte-
nance. While helpful, these alternatives still fell short 
of achieving safe, long-term remission. 

 THERAPY WITH BIOLOGICS

Targeting tumor necrosis factor
The fi rst randomized placebo-controlled trial of a bio-
logic agent in GPA, the Wegener’s Granulomatosis 
Etanercept Trial (WGET),4 evaluated whether etaner-
cept, a soluble inhibitor of tumor necrosis factor (TNF), 
would be an effective adjunct to standard therapy. The 
results showed that etanercept did not confer any ben-
efi cial effect and, in fact, if combined with exposure to 
cyclophosphamide, etanercept increased the risk for 
solid tumors. Thus, anti-TNF therapy has a limited or 
no role in the management of antineutrophil cytoplas-
mic antibody (ANCA)-associated vasculitis (AAV).

Targeting B cells
The mechanisms of cyclophosphamide effects on disease 
activity were not clearly understood. In the late 1970s, 
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however, National Institutes of Health investigators found 
that cyclophosphamide, at the doses administered for 
GPA, had a profound effect on B-cell function.5 Later 
investigations showed that disease activity of GPA was 
clearly related to the frequency of activated B cells 
detectable in the peripheral blood, while abnormally 
activated T cells were also detectable in patients in 
remission.6 These fi ndings suggested that activated B 
cells might be responsible for disease activity, whereas 
persistently activated T cells might explain the chroni-
cally relapsing nature of the disease.6

B cells are the precursors of short-lived plasma cells, 
which are thought to be the primary source of auto-
antibodies, including ANCA. Based on clinical observa-
tions as well as in vitro and some animal model experi-
ments, investigators have ascribed pathogenic roles to 
ANCA. Consequently, targeting the cells that produce 
these autoantibodies (short-lived plasma cells of B-cell 
origin) might form the basis of a novel treatment. Why 
not target cells of the B-cell lineage, thereby eliminat-
ing the short-lived plasma cells that would otherwise 
produce autoantibodies? This might be achieved with 
rituximab, a monoclonal antibody directed against the 
CD20 molecule found on pre-B and mature B cells.7 Our 
group fi rst successfully deployed this strategy in the early 
2000s, followed by  an open-label pilot study.8–10 

The RAVE trial 
The Rituximab in ANCA-Associated Vasculitis 
(RAVE) trial was a multicenter, randomized, placebo-
controlled trial that compared rituximab for remission 
induction and maintenance with standard therapy 
consisting of cyclophosphamide followed by azathio-
prine in patients with severe AAV.11 The results of a 
pilot trial in 200610 set the stage for the RAVE trial, 
which hypothesized that treatment with rituximab 
plus glucocorticoids would not be inferior to daily 
cyclophosphamide plus glucocorticoids. Both would 
induce remission and permit discontinuation of pred-
nisone after 6 months. 

Nine centers enrolled a total of 197 patients with 
severe GPA or microscopic polyangiitis (MPA), all 
positive for ANCA, with active disease severe enough 
to warrant treatment with prednisone and cyclophos-
phamide. All participants received 1 to 3 g of methyl-
prednisolone intravenously followed by prednisone 
(1 mg/kg per day). The treatment group received 
rituximab (375 mg/m2 once weekly for 4 weeks) and 
the control group received standard therapy with 
cyclophosphamide (2 mg/kg per day) followed by aza-
thioprine (2 mg/kg per day) after 3 to 6 months when 
remission was achieved. 

The primary end point was complete remission, 
defi ned as a Birmingham Vasculitis Activity Score for 
Wegener’s Granulomatosis (BVAS/WG) of 0 and suc-
cessful tapering of prednisone by 6 months. Secondary 

end points included rates of disease fl ares, cumula-
tive glucocorticoid doses, rates of adverse events, and 
Medical Outcomes Study 36-item short-form health 
survey (SF-36, a measure of quality of life) scores. 
Among patients receiving rituximab, 64% reached the 
primary end point compared with 53% of patients in 
the control group. Rituximab was judged not inferior 
to standard therapy.

Results were similar for the secondary end point 
of disease remission while taking less than 10 mg/d of 
prednisone, with 71% of rituximab patients and 62% 
of control-group patients achieving remission. Ritux-
imab was also as effective as cyclophosphamide in the 
treatment of patients with major renal disease or alve-
olar hemorrhage. Most strikingly, rituximab proved 
superior to the cyclophosphamide-based regimen for 
inducing remission in patients who entered the trial 
with relapsing disease (67% rituximab versus 42% 
cyclophosphamide) (Figure 1). Those who entered 
the trial with a new diagnosis did not show the same 
difference in effi cacy.

Rituximab also proved signifi cantly more effective 
than cyclophosphamide for patients who had pro-
teinase-3 (PR3) ANCA, whereas the effi cacy of both 
agents was equivalent among patients who had myelo-
peroxidase ANCA. Patients in the cyclophosphamide 
arm experienced more leukopenia compared with the 
rituximab arm, but this did not lead to more infections. 

In summary, the RAVE trial showed that rituximab 
matched the effi cacy of cyclophosphamide (standard 
therapy) in inducing remission in patients with severe 
AAV. The results held true for subsets of patients with 
major renal disease and those with alveolar hemorrhage. 
Most strikingly, among patients who entered the trial 
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FIGURE 1. Patients who entered the Rituximab in ANCA-Associated 
Vasculitis (RAVE) trial with a new diagnosis showed no signifi cant 
difference in their responses to rituximab compared with cyclo-
phosphamide. Among patients who entered the trial with a severe 
disease fl are, however, the effi cacy of rituximab was superior to that 
of cyclophosphamide in achieving complete remission.11
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with a severe relapse, those who received rituximab 
responded better than those treated with cyclophos-
phamide. There were no signifi cant differences in fl are 
rates by 6 months and no difference in the rate of severe 
adverse events. However, participants receiving cyclo-
phosphamide experienced more selected adverse events, 
particularly leukopenias.

Clinically speaking, rituximab represents the fi rst 
proven alternative to cyclophosphamide for remission 
induction in this patient population. The treatment 
presents the preferred option for patients interested in 
preserving fertility or who need to be re-treated for a 
severe disease fl are. Based on these data, the US Food 
and Drug Administration recently extended the label-
ing of rituximab for treatment of GPA and MPA. 

The RITUXVAS trial
The European Vasculitis Study Group (EUVAS) 
launched another trial comparing the effi cacy of ritux-
imab with cyclophosphamide for remission induction.12 
The trial design differed from that of the RAVE trial 
in that investigators did not discontinue prednisone 
in all patients, followed patients for 12 months, and 
assessed sustained remission as the primary end point. 
In this trial, patients in the rituximab arm also received 

two single intravenous cyclophosphamide 
infusions, and cyclophosphamide in the 
control arm was given intravenously. 
All 44 patients enrolled in the trial and 
randomized 3:1 to the rituximab versus 
the cyclophosphamide control arm were 
ANCA-positive and had active renal dis-
ease. The patient population overall was 
older and had more severe renal disease 
than the patients enrolled in the RAVE 
trial. Overall, one course of rituximab 
achieved the same results as 6 months of 
intravenous pulse cyclophosphamide fol-
lowed by oral azathioprine in terms of rate 
of sustained remission at 12 months, time 
to relapse, improvement of renal function, 
and rate of adverse events. 

Mayo Clinic cohort study
Our group at Mayo Clinic evaluated the 
safety and effectiveness of rituximab when 
used repeatedly in order to maintain long-
term remission.13 The study involved 
53 patients who had a long-term (10 
years, on average) diagnosis of refractory 
AAV. The patients received, on average, 
four courses of rituximab. All of these 
patients had GPA and all but one were 
PR3-ANCA–positive.

In these patients, treatment with ritux-
imab led to depletion of B cells (Figure 2). 

When B-cell numbers returned to normal approximately 
6 to 11 months after treatment, ANCA levels also 
increased. Patients in whom no treatment was initiated 
subsequently suffered fl ares. If treatment was reinitiated, 
both B cells and ANCA levels dropped and fl ares were 
prevented. Overall, patients tolerated the infusions well 
with a surprisingly low rate of infection.

In this cohort, rituximab was effective and safe for 
induction and maintenance of remission in patients with 
relapsing GPA. The study showed that B-cell depletion 
effectively maintains remission in these patients, sup-
porting the notion that B cells play an important role 
in GPA. Because rituximab works by depleting B cells 
and ANCA, timing of re-treatment can be individual-
ized based on B-cell counts and ANCA levels. Thus, 
rituximab represents a promising alternative to standard 
therapy and a means for long-term patient management, 
particularly for those in whom other agents have failed 
to achieve or maintain remission in the past.

On a cautionary note, rituximab is an immunosup-
pressive agent. Risk of infection during treatment seems 
similar to that associated with carefully monitored cyclo-
phosphamide followed by azathioprine. To avoid com-
plications, physicians should also maintain Pneumocystis 
prophylaxis for at least the duration of B-cell depletion.
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trophil cytoplasmic antibody (ANCA) levels. After treatment (red arrow), B-cell counts 
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fl ares can be prevented. BVAS/WG = Birmingham Vasculitis Activity Score for Wegener’s 
Granulomatosis; PR3 = proteinase-3
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 CONCLUSION 
Enhanced understanding of the mechanism of action of 
cyclophosphamide has led to investigation of the role of 
B cells in the development of AAV and, from there, to 
the potential for treatment with biologics such as ritux-
imab. Rituximab is equivalent in effi cacy to cyclophos-
phamide for remission induction in AAV. It effectively 
restores remission and prevents relapse, and it is a better 
option than cyclophosphamide for PR3-ANCA–associ-
ated relapsing vasculitis. Future investigations should 
further address how to best prevent relapses after B-cell 
reconstitution. 
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