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been studied extensively in recent years. This review 
aims to clarify the state of the science, summarize 
recent developments in classification, epidemiology, 
pathogenesis and treatment, and to identify knowledge 
gaps and future research priorities in AAV.

Classification and diagnosis

In the absence of a known cause, the vasculitides are 
first classified according to the size of the vessels that 
are predominantly involved. AAV predominantly affects 
small vessels, defined as small intraparenchymal arteries, 
arterioles, capillaries, and venules.[1] Distinguishing 
between the different forms of AAV, particularly GPA 
and MPA, has been a longstanding problem for clinicians 
and researchers alike.[2] This is partly because MPA was 
not recognized as a unique entity when the American 
College of Rheumatology (ACR) diagnostic criteria were 
developed in 1990. Similarly, while the Chapel Hill 
Consensus Conference 2012 definitions highlight that 
granulomatous inflammation in the respiratory tract is a 
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Introduction

Anti‑neutrophil cytoplasmic antibody (ANCA)‑associated 
vasculitis (AAV) is a disease process characterized by 
necrotizing inflammation of small vessels, the relative 
paucity of immune deposits and an association with 
detectable circulating ANCAs. Three subtypes have 
been described; granulomatosis with polyangiitis 
(GPA, formerly Wegener’s granulomatosis), microscopic 
polyangiitis (MPA), and eosinophilic GPA  (EGPA, 
formerly Churg-Strauss syndrome).

Collectively, these disorders account for a considerable 
burden of death and disability worldwide and are of 
great clinical importance owing to the vast improvement 
in prognosis with treatment. As a result, AAV has 
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key distinguishing feature of GPA, these definitions are 
not designed as diagnostic criteria [Table 1].

There has been conjecture as to whether GPA and MPA 
subtypes could be combined under the umbrella of AAV. 
It has been argued that distinguishing between the 
diagnoses of GPA instead of MPA confers only minimal 
additional prognostic information,[3,4] and distinguishing 
between them in the clinical setting is often difficult or 
unnecessary, as both conditions have been combined in 
clinical therapeutic trials.[5] Five subtypes of AAV – renal 
AAV with proteinase 3‑ANCA  (PR3‑ANCA), renal AAV 
without PR3‑ANCA, nonrenal AAV, cardiovascular AAV, 
and gastrointestinal AAV, based on the phenotypic 
spectrum was proposed by French and European Vasculitis 
group but require further validation.[6]

There are, however, many epidemiological and genetic 
studies suggesting that GPA and MPA are two distinct 
pathological processes, which could warrant different 
treatment modalities in the future.[6] For example, studies 
suggest that infection is a trigger for GPA, but not MPA 
and that geographical variations in incidence may relate 
to environmental or underlying genetic differences.[6]

While differentiating EGPA from GPA or MPA is usually 
more straightforward, diagnosis of the disease itself 
can be more challenging and is often delayed due 
to its typically phasic nature, with onset of asthma 
preceding development of vasculitis by approximately 
8–10 years and naso‑sinus disease often occurring before 
development of eosinophilia.[7] However, the 1990 ACR 
are only relevant for the classification of EGPA in a patient 
with existing vasculitis and established criteria to facilitate 
early diagnosis of EGPA are lacking.

The Diagnostic and Classification Criteria for Vasculitis 
(NCT01066208) study aim to address this need for 
reliable diagnostic criteria,[8] in keeping with proposed 
guidelines by the ACR and the European League Against 

Rheumatism. It is a multinational observational cohort 
study that has completed recruitment of over 2000 cases 
and 490 controls to delineate best and validate a set 
of diagnostic criteria for six primary vasculitides; GPA, 
MPA, EGPA, polyarteritis nodosa, giant cell arteritis and 
Takayasu arteritis. Detailed clinical data, measurement 
of ANCA, biopsy and imaging data will be included in 
a multivariate model that delineates key distinguishing 
features between these conditions and other autoimmune 
conditions that may present with similar features. 
Predefined cases to establish a reference standard for each 
condition and data driven classification algorithms will 
be used in this study, and have demonstrated superiority 
to physician‑opinion as the gold standard for diagnosis.[8]

Positivity for ANCA, while useful, is unfortunately not 
a perfect marker for AAV. Between 10% and 20% of 
untreated patients with GPA or MPA do not have positive 
ANCA, and up to 60% of patients with EGPA are ANCA 
negative.[9,10] Identifying new biomarkers would simplify 
the task of delineating between primary vasculitides. 
Three promising biomarkers for distinguishing AAV and 
non‑AAV patients, based on existing definitions, have been 
identified; matrix‑metalloproteinase‑3, tissue‑inhibitor of 
metalloproteinase‑1, and CXCL13.[11]

Epidemiology

Determining the precise incidence of AAV is challenging, 
given the variations in methods of defining a case, and the 
low incidence of the disease. A prospective comparison of 
the incidence of AAV in the Miyazaki prefecture of Japan, 
and the Norfolk and Norwich Hospital Catchment in the 
UK, estimated the annual combined incidence of GPA 
and MPA to be similar in both regions; approximately 
20 cases per million.[12] The methodologies used to arrive 
at this estimate, however, assumed that migration in and 
out of the catchment was minimal and that all incident 
cases of the disease in this catchment were diagnosed at 

Table 1: Definitions and distinguishing features of ANCA‑associated vasculitis
Disease CHCC 2012 definition Mean 

age at 
diagnosis

Approximate 
frequency of organ 

involvement

ANCA antigen 
frequency

Microscopic 
polyangiitis

Necrotizing GN is very common
Pulmonary capillaritis often occurs.
Granulomatous inflammation is absent

60 Kidney
Lung
ENT

90%
50%
35%

PR3
MPO

20‑40%
50%

Granulomatosis 
with polyangiitis

Granulomatous inflammation, usually involving 
the upper or lower respiratory tract
Necrotizing GN is common

50 Kidney
Lung
ENT

80%
90%
90%

PR3
MPO

80‑90%
20‑40%

Eosinophilic 
granulomatosis 
with polyangiitis

Eosinophil‑rich and necrotizing granulomatous 
inflammation often involving the respiratory tract
Associated with asthma and eosinophilia
ANCA is more frequent when GN is present

50 Kidney
Lung
ENT

45%
70%
50%

PR3
MPO

35%
35%

ANCA: Anti‑neutrophil cytoplasmic antibodies, CHCC 2012: Chapel Hill Consensus Conference 2012, GN: Glomerulonephritis, ENT: Ear, Nose, and Throat
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sampled hospitals. Methodologies to evaluate the validity 
of these assumptions were not reported.[12] Nonetheless, 
the estimate of 20 incident cases per million population 
per year is broadly consistent with other epidemiological 
studies, which also indicate that the peak age of onset is 
between 65 and 74 years and the disease is extremely rare 
in childhood.[13,14] The incidence of biopsy‑proven ANCA 
vasculitis may also be biased toward cases in which there 
is renal involvement. Such a dominant clinical trigger 
would lead to an underestimation of the prevalence of 
vasculitis.[15,16]

It has also been observed that MPA, which is more 
commonly positive for myeloperoxidase  (MPO)‑ANCA 
and a perinuclear staining pattern  (p‑ANCA), was the 
predominant subtype in Japan, while GPA, which is more 
commonly positive for PR3‑ANCA and a cytoplasmic 
staining pattern (c‑ANCA), was the predominant subtype 
in the UK.[15]

Epidemiological data from India has been difficult to 
interpret, as vasculitic disorders are often misdiagnosed 
as tuberculosis and therefore probably underreported.[16] 
Primary vasculitic disorders account for  <1% of the 
cases seen in rheumatology clinics in major tertiary 
care hospitals and the frequency of distribution of GPA 
and MPA among those patients were 13% and 3%, 
respectively, the majority of cases being Henoch‑Schonlein 
purpura and Aortoarteritis.[17] GPA (54%) was diagnosed 
more frequently compared to MPA (18%) from Southern 
India.[18] There is little literature on vasculitis from the 
Indian subcontinent over the past 9 years; the field is 
likely to have shifted significantly with greater awareness 
and wider application of diagnostic tests.

Apparent differences in the epidemiology of GPA and 
MPA suggest that separate pathological processes may be 
responsible for each disease type, however further studies 
are required to elucidate these underlying processes. 
Multiple possible explanations have been explored and 
are discussed in the following section.

Pathogenesis

Since their discovery in 1985,[19] ANCAs have become 
increasingly implicated in the pathogenesis of 
AAV  [Figure  1]. The discovery that administering 
MPO‑ANCA to wild type mice consistently causes disease 
has strongly supported its pathogenic role, and the resulting 
animal model has facilitated research into underlying 
molecular mechanisms and potential interventions.[5] 
Evidence in humans has also supported the pathogenic role 
of ANCA. Patients treated with propylthiouracil, which is a 
MPO inhibitor used to treat hyperthyroidism, may go on to 

develop MPO‑ANCAs and an AAV‑like syndrome.[20] There 
is also evidence that the titer of ANCA may correlate with 
risk of disease relapse,[21] although the specific parameters 
that define this risk and its utility in a clinical setting are 
somewhat controversial.[22]

Activation of the complement system via the alternative 
pathway is thought to be a primary mechanism by which 
ANCA mediates disease.[23] In animal models, neither 
C5 nor Factor B knockout mice manifest the disease. 
Furthermore, in wild‑type mice administered anti‑MPO 
antibodies, subsequent treatment with a C5 inhibitor 
effectively prevents disease.[5] This is in comparison to 
C4 knockout mice which develop vasculitis. Together 
these findings suggest that the alternative pathway, 
rather than the classical or lectin pathways, mediate 
ANCA related complement activation making it an ideal 
target for therapy.[5] Human case‑control studies have 
also found that Factor Bb, C3a, C5a and final common 
pathway factors were increased in active cases relative 
to controls, further supporting the role of complement 
activation in AAV.[23,24] Interestingly, C4d levels were also 
elevated in active cases relative to controls, but there 
was no difference between levels in active disease and 
remission.[23,24] The significance of this finding requires 
further investigation. Given the evidence, it is logical to 
test the hypothesis of whether inhibiting the complement 
system would be a viable therapeutic modality. A Phase 
2 clinical trial is currently underway, which is designed 
to evaluate the safety and efficacy of a C5aR inhibitor, 
CCX168, in patients with ANCA‑associated renal 
vasculitis (NCT01363388). Early results of this trial have 
not shown inferiority of CCX168.[25]

However, while ANCA and activation of the complement 
pathway are probably key pathogenic factors, our 
understanding of the processes involved is not complete. 
For example, some people with detectable circulating 
ANCA may not express a disease phenotype.[26] Similarly, 
PR3‑ANCAs demonstrate an ability to stimulate leukocyte 
activation in  vitro, but unlike MPO‑ANCA cannot 
produce a reliable animal model for the disease.[5] It has 
been hypothesized that the presence of ANCA alone, 
irrespective of specificity to MPO or PR3, is not sufficient 
to produce disease in humans. Instead a “second hit,” such 
as an inflammatory response stimulated by a concomitant 
respiratory tract infection, may be required to trigger the 
full disease process. This is consistent with the finding 
that stimulating neutrophils with cytokines such as tumor 
necrosis factor alpha  (TNF‑α) in  vitro will stimulate 
them to express the autoantigens (MPO and PR3) onto 
the cell surface.[27] Autoantibodies may also play a role 
in the ANCA negative form of the disease. In a series 
of eleven ANCA negative patients with pauci‑immune 
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focal necrotizing glomerulonephritis, eight were found 
to possess antibodies to human lysosome‑associated 
membrane protein‑2  (hLAMP‑2) that bind to the 
glomerular, but not the neutrophil hLAMP‑2 antigen.[28]

The origin of ANCA is unclear. Genetic, epigenetic, 
environmental and infectious factors that are associated 

with AAV have been described, but a convincing model 
of disease pathogenesis remains elusive. Classic genetic 
linkage studies have demonstrated that a first degree 
relative of a patient with GPA is approximately 1.6 times 
more likely to develop the disease than a first degree 
relative of a similar individual who does not.[29] A wide 
spectrum of genes, predominantly involving immune 

Figure 1: Pathogenesis of anti‑neutrophil cytoplasmic antibody‑associated vasculitis. Infectious, genetic, and environmental risk factors (a) are implicated 
in exposing cytoplasmic proteins in the neutrophil (e.g., Proteinase 3 and Lysosome‑associated membrane protein 2), and, following likely interaction 
with T‑ and B‑lymphocytes, the subsequent development of autoantibodies. Autoantibodies may also be generated to an epitope that is complementary 
to the autoantigen, such as anti‑sense Proteinase 3 (b), or via molecular mimicry, such as the bacterial adhesion molecule FimH. (c) A second hit, such 
as infection or loss of gene silencing, is often required to trigger disease. (d) Antineutrophil cytoplasmic antibodies induced neutrophil activation also 
activates the alternative complement pathway. (e) In addition to complement mediated microvascular injury, antineutrophil cytoplasmic antibodies also 
mediates endothelial damage by enhancing neutrophil‑endothelial cell interactions and increasing neutrophil degranulation of cytotoxic agents and 
chemoattractants. PR3: Proteinase 3, LAMP‑2: Lysosome‑associated membrane protein 2, FimH: Subunit of enterobacterial fimbriae
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function, has been found to confer small amounts of 
increased risk of the disease.[30] Chromatin modification 
of MPO and PR3, a measure of epigenetic modification, 
also appears to be depleted in ANCA patients compared 
to healthy controls.[31]

Chronic occupational exposure to environmental toxins, 
most notably silica, is associated with an increased 
risk of AAV.[20] This is based on case series reporting an 
apparent association between silica exposure in patients 
that subsequently developed ANCA vasculitis, mostly of 
the MPA subtype.[32,33] It is hypothesized that this occurs 
due to the intense inflammatory response promoted by 
silica, which may promote neutrophil migration and 
simultaneous formation of antibodies against neutrophil 
components.

Infections are becoming increasingly recognized as 
a potential “second hit” required to break tolerance 
and cause autoimmunity. This may be a reason for the 
observed seasonal fluctuation in the incidence of GPA.[20] 
Furthermore, certain bacteria such as Staphylococcus aureus 
and Escherichia coli are hypothesized to promote the 
disease intrinsically. Studies show that 67% of patients 
presenting with GPA are nasal carriers of S. aureus and 
nasal colonization increases the risk of disease relapse 
between 1.6 and 31‑fold.[34] Furthermore, randomized 
trials of trimethoprim‑sulfamethoxazole  (TMP‑SXT) 
suggest this medication is an effective means of inducing 
remission,[35] although whether this effect relates to the 
antimicrobial effect or some other property of TMP‑SXT 
is unclear. Molecular mimicry is proposed as the primary 
mechanism by which infectious agents may contribute 

to the disease process. For example, there is a strong 
homology between the bacterial adhesion protein FimH 
and a newly discovered ANCA called LAMP‑2.[36] It has 
also been found that the antisense strand of the PR3 gene 
can produce a protein that permits autoantibodies to both 
itself (complementary PR3) and native PR3. Interestingly, 
complementary PR3 shows weak homology to S. aureus 
proteins.[30]

Treatment

Induction therapy
Induction therapy with a combination of high‑dose 
steroids and cyclophosphamide has been the standard 
therapy for over 30 years and greatly improves survival 
among patients with AAV.[37] Current research is focused 
on improving efficacy and reducing side effects of the 
medications used to induce remission [Table 2].

One large randomized noninferiority trial of 197 patients 
with AAV has found Rituximab® (RTX) to be noninferior 
to cyclophosphamide as induction therapy,[38] including 
among the 102  patients with renal involvement at 
enrollment.[39] This finding has also been demonstrated in 
a separate randomized noninferiority trial of 44 patients 
with AAV and renal involvement.[40] Adverse events at 
6 months and 1 year were not reduced in the RTX group, 
which had a higher number of cancers at 1 year, although 
this difference did not reach statistical significance.[38] 
Both trials were conducted in the context of case series 
and retrospective observational studies suggesting that 
RTX is efficacious as second‑line therapy in patients 
not adequately responding to cyclophosphamide.[41,42] 

Table 2: Induction therapy for ANCA‑associated vasculitis
Study Subjects Therapy Endpoint Comment
CYCLOPS[45] 149 patients with newly 

diagnosed AAV and 
renal involvement

IV‑CYC vs. oral CYC Time to 
remission

IV‑CYC non‑inferior to oral CYC and is 
associated with reduced cumulative exposure 
and leukopenia. Subsequent long‑term follow 
up (4.3 years) of participants demonstrated 
relapse rates are higher with IV regimen[47]

RITUXIVAS[40] 44 patients with newly 
diagnosed AAV and 
renal involvement

Rituximab + 2 IV‑CYC 
pulses vs. IV‑CYC

Remission at 
12 months

Rituximab non‑inferior to IV‑CYC for 
remission induction

RAVE[38] 197 patients with newly 
diagnosed or relapsing 
AAV. Dialysis dependent 
patients excluded

Rituximab vs. oral CYC Remission at 
6 months

Rituximab non‑inferior to oral CYC 
for remission induction and based on 
subsequent post‑hoc analysis of patients with 
renal involvement, there is no demonstrable 
difference in renal outcomes[39]

MEPEX[48] 137 patients with newly 
diagnosed AAV and 
severe renal involvement

Plasmapheresis vs. 
methylprednisolone as 
adjunct therapy to oral 
CYC and oral prednisolone

Dialysis 
independence 
at 3 months

Plasma exchange superior to 
methylprednisolone for preventing dialysis 
dependence at 3 and 12 months, but not for 
survival at 12 months

PEXIVAS[50] 500 patients with newly 
diagnosed severe AAV

Plasmapheresis vs. no 
plasmapheresis as adjunct 
therapy to high vs. low 
dose glucocorticoids

Time to 
all‑cause 
mortality or 
ESRD

Currently in recruiting phase

ANCA: Anti‑neutrophil cytoplasmic antibody, AAV: ANCA associated vasculitis, IV: Intravenous, CYC: Cyclophosphamide, ESRD: End‑stage renal disease
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A prospective cohort of 10 patients with refractory PR3 
positive GPA tolerated and responded to RTX, although one 
patient relapsed after B‑cell reconstitution.[43] Most centers 
currently use cyclophosphamide as first‑line therapy, and 
reserve RTX for refractory cases or for those who wish to 
preserve their fertility[44] [Supplementary Table 1].

A randomized controlled trial comparing the effectiveness 
of daily oral cyclophosphamide versus intravenous pulses, 
among a sample of 149 patients with incident AAV with 
renal involvement, suggested that the pulse regimen 
significantly reduced cumulative exposure and was not 
associated with any significant difference in time to 
remission.[45] This is consistent with a prior meta‑analysis 
of smaller studies.[46] However, a long‑term follow‑up 
study from the same cohort showed that risk of relapse 
was significantly higher among those who received a 
pulse regimen, although mortality and renal failure were 
not significantly different between groups.[47] Prophylaxis 
should be used during combined cyclophosphamide and 
steroid treatment against infections, bone loss and peptic 
ulcer.  Tuberculosis can turn fatal with the initiation of 
therapy and, therefore, all patients should be assessed 
for tuberculosis continually before commencement of 
treatment and during the maintenance phase for fear 
of reactivation or de novo infection. Primary isoniazid 
prophylaxis is recommended for patients with latent 
tuberculosis with long‑term immunosuppression; however 
with emerging isoniazid resistance and hepatotoxicity 
indistinguishable from viral hepatitis the appetite for such 
therapy is low in the tropics.

A meta‑analysis of nine randomized controlled trials, 
including the MEPEX trial  [Table  2][48] comprising 
387 patients with AAV or idiopathic rapidly progressive 
glomerulonephritis, suggested that plasma exchange, 
which involves replacing the entire plasma component 
of the circulatory system including circulating antibodies, 
provided additional benefit in reducing progression 
to dialysis in patients with severe renal vasculitis.[49] 
However, whether it improved mortality outcomes or 
the composite measure of mortality and renal outcomes, 
remains unclear.[49] PEXIVAS is a 2 × 2 factorial design 
open‑label randomized trial that is currently being 
conducted to answer this question (NCT00987389).[50] 
Approximately, 500 patients with severe incident AAV are 
being recruited across multiple international centers to 
receive randomly either plasma exchange or no plasma 
exchange, and either standard or reduced glucocorticoid 
dosing, in addition to cyclophosphamide or RTX. This 
trial also attempts to evaluate whether lower dose 
glucocorticoids influences time to all‑cause mortality or 
end‑stage renal disease (ESRD), given the dose‑related 
side effects of this medication.[50]

Other agents, including tacrolimus, intravenous 
immunoglobulin  (IVIG) and anti‑TNF‑α compounds 
such as etanercept and infliximab, have previously been 
explored in the treatment of AAV, however the current 
evidence supporting their use is limited and, in light of the 
demonstrable efficacy of other agents, are unlikely to be 
adopted as first‑line induction therapy.[51‑53] Nevertheless, 
there are relatively few trials that have explored the 
efficacy of these agents in combination therapy. Case 
reports of IVIG improving EGPA‑associated myocarditis 
and heart failure have also been described.[52] If these 
alternative agents are to be investigated further, the risks 
of combining multiple immunosuppressive agents will 
need to be weighed against the likely benefit.

Maintenance therapy
Azathioprine (AZA) was established as the drug of choice 
for maintenance therapy in the CYCAZAREM trial which 
found introducing AZA within 3  months of inducing 
clinical remission did not result in more early relapses 
than continuing cyclophosphamide for 12  months.[54] 
The role of AZA as the preferred agent for maintenance 
therapy was reinforced by head to head trials comparing 
AZA to mycophenolate mofetil (MMF) and methotrexate 
which did not find evidence to support the use of these 
alternative agents.[55‑56] Indeed, AZA was associated with 
fewer relapses compared to MMF without a significant 
difference in serious adverse event rates.[55]

However, recent landmark studies have brought both the 
timing of initiating maintenance therapy, and the choice 
of maintenance agent under renewed scrutiny [Table 3].

Specifically, in a long‑term follow‑up of the CYCAZAREM 
trial, the AZA group was found to have a nonstatistically 
significant trend toward higher rates of disease relapse, 
ESRD and death relative to the CYC group after 5 years 
from time of randomization.[57] Thus, it seems that the 
question of optimal timing to switch to maintenance 
therapy remains to be established.

Furthermore, a recently published randomized controlled 
trial comparing AZA with RTX for maintenance 
therapy across 115  patients with ANCA‑positive 
AAV (MAINRITSAN), has demonstrated the superiority 
of RTX at preventing major relapse at 28 months.[58] This 
study was conducted following a series of observational 
studies demonstrating the efficacy of RTX as a maintenance 
agent.[59‑61] Nevertheless, the authors of this landmark 
trial acknowledge some important limitations, including 
the lack of masking, predominance of participants with 
PR3‑ANCA, variability of glucocorticoid use protocol 
across study sites, and the significance of tapering the 
dose of AZA between 12 and 22 months. The long‑term 
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efficacy of RTX in the maintenance of AAV remission 
beyond 28 months is yet to be tested with randomized 
trials. The RITAZAREM trial (NCT01697267), which plans 
to compare RTX with AZA across 160 participants with 
relapsing disease after RTX induction therapy over 4 years 
of follow‑up, is currently in the recruiting phase. It is likely 
to provide further insight into the long‑term efficacy of 
RTX in maintenance of AAV.[62]

The optimal duration of maintenance therapy with AZA is 
likewise unclear. According to one opinion paper,[63] a trial 
is currently underway to compare 2 years versus 4 years 
of AZA maintenance therapy. However, the details of this 
trial remain unpublished, and we have been unable to 
locate the trial protocol. It is possible that RITAZAREM, 
which will include a control arm that is treated with AZA 
for 4 years, may have superseded this trial.

The optimal duration of steroid therapy is also yet to be 
established. The TAPIR[64] trial is recruiting patients with 
GPA in remission to evaluate the effects of using low‑dose 
glucocorticoids (5 mg/day of prednisone) as compared 
to stopping glucocorticoid treatment entirely on rates 
of disease relapse/disease flares. Some authors have 
suggested that treatment duration for treatment should 
be based on the protocol used in the relevant induction 
therapy study.[65] For example, if cyclophosphamide was 
used as induction therapy then a “weekly glucocorticoid 
reduction method with consideration for longer low‑dose 

therapy” should be implemented; whereas if RTX was 
used for induction then glucocorticoid therapy should 
be dosed according to the RAVE trial.[38]

The role for newer biological agents in maintenance 
therapy is also being explored. One such agent under 
investigation is belimumab, a monoclonal antibody to 
B‑cell activating factor. The Belimumab in Remission 
of Vasculitis trial is currently recruiting participants 
to test whether belimumab in combination with AZA 
improves the relapse‑free survival compared to AZA 
alone (NCT01663623).[66] There is also an ongoing trial 
using abetacept (CTLA4‑Ig) for the treatment of relapsing, 
non‑severe, GPA  (ABROGATE0029 with results due in 
2018.[67]

Complications and prognosis

Treatment has dramatically improved the prognosis of 
patients diagnosed with AAV. The median survival from 
diagnosis without treatment is 5 months, whereas 88% 
of treated patients survive 1‑year and 78% survive for 
5 years.[65] Despite these gains, mortality in the 1st year is 
still twice as high as the background rate for individuals 
of the same age and gender, and remains persistently 
elevated by 30% in subsequent years.[65]

The predominant causes of death in the 1st year differ 
from those in subsequent years. In the 1st year, almost 50% 

Table 3: Maintenance therapy for ANCA‑associated vasculitis
Study Subjects Therapy Endpoint Comment
CYCAZAREM[54] 115 patients with newly 

diagnosed AAV and renal 
involvement

AZA vs. oral CYC, both in 
combination with prednisolone, 
after achieving remission with 
oral CYC and steroids

Relapse at 18 months AZA and CYC associated 
with similar rates of relapse. 
Cumulative exposure to CYC 
is reduced

IMPROVE[55] 156 patients with newly 
diagnosed AAV

AZA vs. MMF after achieving 
remission with CYC and 
steroids

Relapse free survival at 39 
months

AZA superior to MMF 
at maintaining disease 
remission with similar rates 
of adverse events

WEGENT[56] 159 patients with newly 
diagnosed AAV

AZA vs. MTX after achieving 
remission with IV‑CYC and 
steroids

Adverse event requiring drug 
discontinuation or causing death. 
Relapse as secondary end point. 
Mean follow up 29 months

AZA and MTX associated 
with similar rates of adverse 
events and relapse

MAINRITSAN[58] 115 patients with newly 
diagnosed or relapsing 
AAV

Rituximab vs. AZA after 
achieving remission with CYC 
and steroids

Rate of major relapse at 28 
months

Rituximab superior to AZA 
at maintaining remission and 
not associated with increased 
severe adverse events

RITAZAREM[62] 160 patients with 
relapsing AAV

Rituximab vs. AZA after 
achieving remission with 
Rituximab and steroids

Rate of relapse Currently in recruiting phase

BREVAS[66]

NCT01663623
400 patients with AAV 
following standard therapy

Belimumab plus Azathioprine 
vs Placebo plus Azathioprine

Time to First Relapse Currently in Recruitment 
phase

ABROGATE[67]

NCT02108860
150 patients with AAV 
following standard therapy

Abatacept vs plaacebo Treatment failure after 12 
months

Recruitment phase

TAPIR[64] 60 patients with GPA who 
are in remission

Low dose (5mg ) Prednisone 
vs No dose (0mg) Prednisone 

Proportion requiring increased 
dose relapse

Recruitment phase

ANCA: Anti‑neutrophil cytoplasmic antibody, AAV: ANCA associated vasculitis, IV: Intravenous, AZA: Azathioprine, CYC: Cyclophosphamide, MMF: Mycophenolate 
mofetil, MTX: Methotrexate
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of deaths are related to infection and 20% from disease 
related complications. In subsequent years, cardiovascular 
disease and malignancy have become the major drivers 
of death, although infection and vasculitis specific causes 
still contribute to 20% and 6%, respectively.[65] Of note, 
AAV and its treatments are known to be independent 
risk factors for CVD and malignancy, which represent 
the major causes of death in the general population. AAV 
has been associated with higher risk of cardiovascular 
disease and the metabolic syndrome independently of 
glucocorticoids,[68] probably owing to endothelial damage 
related to systemic inflammation, and cyclophosphamide 
is known to increase the risk of nonmelanomatous skin 
cancers and bladder cancer.[65] Other long‑term treatment 
related side effect which impact negatively on quality 
of life include glucocorticoid induced osteoporosis and 
diabetes, and cyclophosphamide induced gonadotoxicity 
and infertility, especially among young women.[65]

Infective complications following treatment are the 
leading cause of death in the 1st  year after diagnosis 
and contribute to a significant ongoing morbidity and 
mortality in patients diagnosed with AAV. In tropical 
regions it is important to exclude mycobacterial 
infection or malaria (as the cause of presentation) before 
commencing treatment, as ANCA testing may be falsely 
positive in these patients.[69] A wide variety of infections 
are described, including pneumonia, cellulitis, bacteremia 
and opportunistic viral and fungal infections.[65] They 
are more common in those with poorer renal function, 
longer duration of glucocorticoid use and/or severe 
lymphopenia;[70] however, the role of monitoring for severe 
leukopenia is yet to be defined in the AAV population. 
The risk of serious infections requiring hospitalization is 
directly proportional to the dose of cyclophosphamide and 
glucocorticoids administered. Ongoing efforts to try and 
optimize the dosage requirements of these medications 
will be critical to minimizing the burden of infection.

S. aureus bacteremia is frequently identified as a cause 
of death amongst AAV patients, who are also known 
to have a high rate of nasal colonization. There is 
indirect evidence from dialysis and surgical populations 
that eradicating colonization of S.  aureus with topical 
mupirocin may reduce the risk of infection; however, this 
must be balanced with the consideration that long‑term 
treatment is likely to induce resistance and may increase 
the risk of non‑S. aureus infections.[71] TMP‑SXT for the 
prevention of Pneumocystis jirovecii pneumonia during 
induction therapy is currently the only widely accepted 
medication used for antimicrobial prophylaxis among 
patients with AAV.[71] Interestingly, TMP‑SXT has also been 
shown to have independent anti‑relapse properties in the 
treatment of GPA.[35]

Severe renal involvement and diffuse alveolar 
hemorrhage are the major vasculitic complications 
of AAV and are the predominant causes of vasculitis 
related mortality.[72] They are also well‑known markers 
of induction‑refractory disease.[72] More recently, genetic 
factors, including DRB1*0405 and DPB1*0402 have 
been used to stratify individual risk of poor response to 
treatment, deterioration of renal function, and all‑cause 
mortality.[73]

Renal involvement is an independent predictor of 
mortality and progression to ESRD,[74] with 6% of those 
with renal involvement progressing to ESRD.[75] The risk 
of progression to ESRD among MPO positive patients 
is approximately double that of PR3 positive patients. 
A  requirement for dialysis at presentation carries a 
particularly poor prognosis; 23% die within 6 months, 
29% do not regain renal function, and 15% temporarily 
regain renal function but require dialysis within 
13–63  months.[75] Paradoxically, relapse rates among 
ESRD patients on regular dialysis were significantly lower 
compared to those with preserved renal function.[76] The 
authors suggest that this may be due to a therapeutic effect 
of dialysis itself. This concept is broadly consistent with 
a retrospective cohort from Australia and New Zealand, 
which found that, once on dialysis, survival rates are 
similar among those diagnosed with AAV and those who 
developed ESRD from other causes.[77]

Histologic analysis of renal tissue aids in predicting 
renal outcomes. Identification of glomerular lesions 
as focal, mixed, crescentic, or sclerotic GN, according 
to the ANCA‑associated GN  (AGN) histopathological 
classification system, predicts severity of renal function 
impairment at one and 5 years, with the best and worst 
outcomes associated with focal and sclerotic lesions 
respectively.[78] Histologic identification of the percentage 
of normal glomeruli[79] and the degree of tubulointerstitial 
fibrosis and atrophy[80] also predict renal survival. These 
observations could be studied in conjunction with the 
AGN classification to improve prognostication.

The prognostic studies of AAV patients with ESRD that 
receive renal allografts demonstrate mixed findings. 
Among a cohort of 35 ESRD AAV patients at Mayo Clinic 
that received renal allografts, 5‑year death censored 
allograft survival and 5‑year patient survival were 100% 
and 94%, respectively.[81] However, in a retrospective 
analysis of over 90 ESRD AAV patients from Australia 
and New Zealand that received allografts, the 10‑year 
allograft survival rates were 50%, 62% and 70%, and 
10‑year patient survival rates were 68%, 85% and 
83% for MPA, GPA and non‑AAV ESRD populations, 
respectively.[77]
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Severity of early disease, as measured through the 
Vasculitis Damage Index  (VDI), may also be a useful 
general prognostic indicator of overall mortality.[82] 
From a retrospective case‑control study of 100 nonfatal 
and 20 fatal cases of systemic vasculitis in 1993, it has 
been estimated that the odds of death are 2–19  times 
higher amongst those with a VDI score of 5 or above, 
relative to those with a lower damage score.[83] While this 
analysis was conducted across the spectrum of systemic 
vasculitides, subgroup analysis among those with GPA was 
broadly consistent with the overall findings.[83]

Relapses are more likely among patients who are positive 
for PR3‑ANCA, have cardiovascular involvement, or lung 
or ear‑nose‑throat granulomas.[5,84] The role of serial 
titers of ANCA in predicting relapse is still unclear. One 
retrospective cohort study has indicated that a fourfold 
rise in titer is predictive of relapse and suggested that 
preemptively increasing immunosuppression can prevent 
relapse.[21] On the other hand, a recent meta‑analysis 
found that while both a rise in ANCA and persistently 
positive ANCA were associated with relapse at a level 
of statistical significance, both findings only conferred 
small amounts of information regarding the likelihood of 
increased risk in the individual patient.[22] Some experts 
believe that a new ANCA positivity predicts relapse after 
treatment withdrawal though this is not yet based on 
good evidence. Interestingly, a signature transcriptional 
profile in CD8 positive T‑cells may also predict relapse in 
AAV,[85] although further studies are required to evaluate 
the clinical utility of this novel biomarker.[11] Given the 
therapeutic importance of detecting and treating disease 
recurrence, devising an algorithm to predict relapse is 
an important issue that warrants further investigation.
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Supplementary Table 1: Treatment of ANCA associated vasculitis
Induction
Induction Screen for tuberculosis

Consider PCP prophylaxis see below
Provide a proton‑pump inhibitor for gastric protection while on high‑dose steroids (e.g., pantoprazole 20 mg od PO)
Measure baseline bone density by DEXA scan and consider prophylactic bisphosphonate therapy
Consider sperm banking for men and leuprorelin (GnRH analog) therapy for women before starting cyclophosphamide

Medication Dosage Comments
Methylprednisolone IV 
then PO prednisolone

MP (7.5 mg/kg/bw; 500 mg if <70 kg and 750 mg if more 
than 70 kg) × 3 consecutive days then prednisone 1 mg/
kg/day not exceeding 75 mg; tapered after a few weeks to 
lowest effective dose

Plus
Cyclophosphamide 
(first option)

IV: 15 mg/kg/bw; adjust according to eGFR
0, 2, 4 and then every 3 weeks until remission is achieved, 
up to a maximum of 10 pulses (EUVAS protocol)
For IV if significant leukopenia (WCC <4) or 
thrombocytopenia (<100) occur - delay ‑ next dose (until 
WCC >4 and/or platelet count >100) and reduce ‑ next 
dose or cyclophosphamide PO, 2-3 mg/kg, for 3-6 months
Measure FBC weekly in patients on PO cyclophosphamide 
for the first 4 weeks then every 2-4 weeks ‑ withhold therapy 
if WCC <4 and restart at reduced dose (25-50 mg/day less 
than previous dose) once WCC >4 for≥2 days

To minimize toxicity of IV cyclophosphamide to the 
bladder: Give IV fluids - 500-1000 ml 0.9% saline 
over 1-2 h precyclophosphamide and 500-1000 ml 0.9% 
saline over 1-2 h postcyclophosphamide (depending on 
fluid balance)
Give IV sodium‑2‑mercaptoethane (Mesna) - dose is 60% 
of cyclophosphamide dose (round up dose to the nearest 
whole vial) 40% mesna dose given precyclophospamide 
and 60% mesna dose postcyclophosphamide infusion.[8]

Do not administer IV cyclophosphamide within 12 h of 
hemodialysis or plasma exchange

Rituximab 
(second option)

IV: 375 mg/m2×4 doses Use for patients refractory to standard therapy or to 
preserve fertility

Plus
Plasma exchange 7 exchanges in 2 weeks

Each exchange volume should be at least 60 ml/kg actual 
body weight (usually not <3 L or more than 6 L)
Standard replacement fluid should be 4% albumin
Substitute FFP for 50-100% of exchange volume in 
patients with pulmonary hemorrhage or within 48 h of renal 
biopsy to reduce the risk of bleeding
Avoid plasma exchange on the same day as renal 
biopsy - risk of bleeding

Pulmonary hemorrhage and or severe renal insufficiency

Maintenance Initiate maintenance therapy once the patient has achieved remission
Prednisolone Tapering dose‑till 5-7 mg/daily Usually 18 months since remission
Plus
Azathioprine 
(first option)

Check TPMT status prior to initiating azathioprine
PO 2.0 mg/kg/day
Reduce initial dose to 1.5 mg/kg/day >60 years; 1.0 mg/
kg/day in patients >75 years

Or MMF or MPS 
(second option)

PO: MMF ‑ 1-1.5 g twice daily or
PO: MPS - 720-1080 mg twice daily

Plus
Trimethoprim/
sulphamethoxazole

To reduce the risk of PCP in all patients (whether initiated on cyclophosphamide or rituximab) provide
Trimethoprim 80 mg/sulfamethoxazole 400mg daily (i.e., ½ a Bactrim DS or Resprim Forte tablet daily) - in patients 
allergic to or intolerant of trimethoprim/sulfamethoxazole consider desensitization (liaise with immunology) or use 
alternative options

Definitions
Refractory to standard 
therapy

Unchanged or increased disease activity in acute stage after 4 weeks of treatment with standard therapy using 
cyclophosphamide
No response (defined as <50% reduction in disease BVAS score and lack of improvement in at least one major item 
on the disease activity score list) after 4-6 weeks of treatment
Persistent disease with presence of at least one major or three minor items on the BVAS score despite 8-12 weeks of 
treatment
Intolerance of, or contraindications to, cyclophosphamide

Remission BVAS score ≤1 and daily prednisone dose ≤10 mg
Sustained remission BVAS score 0 and no flares in the last 6 months
Relapse One major or three minor disease activity items on the BVAS score, in patients that have previously achieved 

remission following induction therapy
Modified from: A  4  year retrospective renal study from a Lupus Vasculitis Clinic, Singh G, White L, Flynn P et  al. OJ Neph  2015. ANCA: Anti‑neutrophil 
cytoplasmic antibodies, PCP: Pneumocystis jiroveci pneumonia, BVAS: Birmingham Vasculitis Activity Score, DS: Double strength, MMF: Mycophenolate moeftil, 
MPS: Mycophenolate sodium, TPMT: Thiopurine methyltransferase, FFP: Fresh frozen plasma, IV: Intravenous, EUVAS: European Vasculitis Study Group, WCC: 
White cell count, eGFR: Estimated glomerular filtration rate


