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Abstract: The ANCA associated vasculitides (AAVs) affect a range of internal organs including ear nose and throat, respiratory tract,
kidneys, skin and nervous system. They include granulomatosis with polyangiitis (GPA), eosinophilic granulomatosis with polyangiitis
(EGPA) and microscopic polyangiitis (MPA). The AAVs are treated with high dose glucocorticoids, immunosuppressants, and targeted
biological medications. Since the 1990s classification criteria for the AAVs have been based on clinical features, laboratory tests and
basic imaging; an initiative to update the classification criteria incorporating newer tests, for example, anti-neutrophil cytoplasmic
antibodies (ANCA) and novel imaging techniques will be published this year. There is also evidence for classification of patients based
on ANCA subtype; those with anti-proteinase 3 antibodies (PR3) or anti-myeloperoxidase antibodies (MPO) have differences in
response to treatment and clinical outcomes. An update is described within this review. The pathogenesis of AAV involves necrotizing
inflammation of small to medium blood vessels involving multiple immunological pathways. We present an update on emerging
evidence related to auto-antibodies, complement and lymphocyte pathways. This review describes emerging treatment regimens,
including evidence for plasma exchange in severe disease and the inhibitor of the complement C5a receptor (C5aR) inhibitor,
Avacopan. Lastly, patient reported outcomes are key secondary outcomes in randomised controlled trials and increasingly clinical
practice, we report development in disease specific and glucocorticoid-specific PROs.
Keywords: vasculitis, pathogenesis, patient-reported outcomes, epidemiology

Introduction
The anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitides (AAV) are a heterogenous group of rare
systemic disorders comprising granulomatosis with polyangiitis (GPA, previously Wegener’s granulomatosis), eosino-
philic granulomatosis with polyangiitis (EGPA, previously Churg-Strauss syndrome), and microscopic polyangiitis
(MPA). They are characterised by necrotising inflammation of small and medium blood vessels, pauci-immune on
histopathological analysis, but associated with antibodies directed at two key antigenic targets: leukocyte proteinase 3
(PR3-ANCA) and myeloperoxidase (MPO-ANCA). Patients with GPA tend to be PR3-ANCA positive, whilst MPA
patients are predominantly MPO-ANCA positive, though this is not definitive and there is not a clear overlap between
ANCA subtype and clinical syndrome. Clinical features are wide-ranging and varied, but affected organ systems include
the kidneys, upper and lower respiratory tracts, eyes, peripheral nerves, skin and brain.1

Historically, AAV has been divided into subtypes depending on clinical phenotype. In 1990, the American College of
Rheumatology published classification criteria for seven primary vasculitides including GPA (then known as Wegener’s
Granulomatosis) and EGPA (then known as Churg-Strauss syndrome).2 The criteria were clinico-pathological, and were
developed prior to the recognition of MPA as an AAV subtype, and prior to the discovery and widespread use of ANCA
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testing as a diagnostic tool.3 Subsequently, the Chapel Hill Consensus Guidelines developed AAV nomenclature to
include ANCA serology,4 but with the focus remaining on traditional clinical diagnoses of GPA, EGPA and MPA.

One emerging area of thought is that, given the significant overlap in clinical phenotype between these subtypes, AAV
should be classified according to ANCA (PR3 vs MPO) specificity, an aspect of the disease which is increasingly
recognised as of vital importance in terms of genetics, morbidity and mortality, and relapse rates.5 This article, with
a focus on both clinico-pathological and immunological AAV subtypes, will explore recent insights and future perspec-
tives on pathogenesis, epidemiology, diagnosis, management, disease monitoring and outcomes.

Pathogenesis
The pathogenesis of AAV has been studied, and there is understanding of disease mechanisms that are shared and distinct
across disease phenotypes and serotypes. A summary of pathophysiological mechanisms is included in Figure 1.

Firstly, genetic factors have been confirmed to play an important role. Three large genome-wide association studies
(GWAS) have been conducted in AAV, identifying several genetic variants in MHC and non-MHC regions that associate
with disease susceptibility.6–8 These show that the different clinical phenotypes of AAV have distinct genetic back-
grounds but that there are stronger genetic associations with ANCA serotype than clinical syndrome, suggesting that
MPO-ANCA and PR3-ANCA may be defining different diseases (Table 1). In PR3-AAV, there were associations with
polymorphisms in HLA-DP, PRTN3 (the gene encoding proteinase-3), and SERPINA1 (the gene encoding a1-antitrypsin,
a circulating inhibitor of PR3), strongly implicating the autoimmune response to PR3 in disease pathogenesis. In contrast,
MPO-AAV was associated mainly with HLA-DQ polymorphisms. Of note, GWAS in EGPA suggests this disease
comprises two genetically and clinically distinct syndromes: MPO-ANCA +ve EGPA is an eosinophilic disorder that
shares some of the vasculitic manifestations and the HLA-DQ association of MPO-AAV, whereas ANCA-negative EGPA

Figure 1 Pathways involved in the pathogenesis of ANCA vasculitis, and their drug targets.
Abbreviations: ANCA, anti-neutrophil cytoplasmic antibody; IL, interleukin; MPO, myeloperoxidase; NETs, neutrophil extracellular traps; PR3, proteinase 3; ROS, reactive
oxygen species; TNF, tumour necrosis factor.
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has a distinct genetic profile associated with mucosal/barrier dysfunction. As these GWAS were conducted in patients of
European descent, these findings will require validation in global populations, particularly in light of geo-ethnic
variations in disease presentation and serotype.

Environmental factors may have a causal relationship with AAV including infections, harmful microparticles and
drugs. The earliest reported cases of AAV were linked to Ross river virus.9 Staphylococcus aureus produces toxic shock
syndrome toxin 1 (TSST1) that can exacerbate GPA and provides complementary PR3 or mimicry PR3 peptide, leading
to PR3-ANCA.10 Several harmful microparticles such as silica, asbestos, and metal may trigger AAV,11,12 with silica of
particular interest.13 Drugs such as hydralazine, minocycline, propylthiouracil, and levamisole-contaminated cocaine are
associated with the onset of AAV,14–17 potentially via the induction of neutrophil extracellular traps (see below).18 There
are studies following Japanese earthquakes which have suggested an increased incidence of MPO-ANCA-associated
vasculitis in subsequent years; one study describes a doubling of MPO-ANCA vasculitis incidence following the Great
East Japan Earthquake.19 Moreover, patients post-earthquake demonstrated a more severe phenotype with worse disease
severity indices. Additionally, further weight has been added to the idea that cigarette smoking may be associated with
development of AAV in a US case-control study of 473 AAV cases, which showed that smoking was associated with
increased odds of having AAV. The association was particularly strong amongst MPO-ANCA positive patients.20

The hallmark of AAV remains the ANCAs. ANCAs are autoantibodies directed against cytoplasmic antigens
expressed in the primary granules of neutrophils and lysosomes of monocytes, specifically against MPO and PR3.1 In
general, P-ANCA recognises MPO and C-ANCA recognizes PR3. PR3-ANCA are most commonly associated with GPA
(65%), whereas MPO-ANCA are more commonly associated with MPA (60%) or renal-limited vasculitis (80%)21

(Table 1). Atypical ANCAs, which are not directed against either PR3 or MPO (but detectable by IIF), can be found
in a range of non-vasculitic conditions (inflammatory bowel disease, autoimmune disease, and malignancy).22–24

Several clinical and experimental observations support a pathogenic role for ANCA. In particular, MPO-ANCA are
convincingly shown to enhance leukocyte-endothelial cell interactions, and to induce glomerulonephritis, in rodent
models.25 Animal models of PR3-ANCA have been less forthcoming, which may reflect underlying differences in
disease pathogenesis, though a proof-of-concept study using mice reconstituted with a humanised immune system
indicate the PR3-ANCA may have pathogenic potential in vivo.26

In humans, the epitope specificity of MPO-ANCA determines their pathogenicity, and may explain why some patients
may remain ANCA positive in the absence of clinically active disease. The pathogenic epitopes within PR3-ANCA are
not yet clearly defined.27

The widely accepted mechanism of ANCA-mediated injury includes exposure of neutrophils to pro-inflammatory
cytokines (eg interleukin (IL)-1β and tumor necrosis factor (TNF)-α) causing translocation of the ANCA-autoantigens
(Ags) to the cell surface (“priming”).28 Binding of ANCA causes neutrophil activation, resulting in several pro-
inflammatory responses, including the production of reactive oxygen species (ROS), lytic enzymes, matrix metallopro-
teinases, and NETs, which can cause vascular damage.29

Table 1 Clinical Phenotypes, Genetic Polymorphisms and Biomarkers Associated with PR3 and MPO ANCA Subtypes

PR3 MPO

Proportion of patients with each clinical phenotype
thought to display ANCA subtype

GPA 75%
MPA 30%

EGPA 5%

GPA 20%
MPA 60%

EGPA 45%

Genetic associations Polymorphisms in HLA-DP, PRTN3 and SERPINA1
genes

Polymorphisms in HLA-

DQ

Associated serum biomarkers IL-6, GM-CSF, IL-15, IL-18, CXCL8/IL-8, CCL17/

TARC, IL-18BP, sIL-2Rα, NGFβ
sIL6R, sTNFRII, NGAL,

sICAM-1

Abbreviations: PR3, anti-proteinase 3 antibody; MPO, anti-myeloperoxidase antibody; GPA, granulomatosis with polyangiitis; MPA, microscopic polyangiitis; EGPA,
eosinophilic granulomatosis with polyangiitis; HLA, human leukocyte antigen.
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NETs represent a unique cell-death mechanism of neutrophils, an innate defence mechanism to trap and kill invading
microbes, in which there is extracellular release of chromatin fibres and antibacterial cytoplasmic proteins, including the
ANCA-autoantigens PR3 and MPO.30 NETs are immunogenic and participate in the tolerance breakdown toward the
ANCA autoantigens.31,32 This may account for the association of some infections with triggered AAV onset. The
production of NETs also leads to damage of endothelial cells and may participate in activation of the alternative
complement pathway.33,34

The complement system was originally thought not to play a part in AAV due to paucity of complement deposition in
vessel walls in ANCA vasculitis and glomerulonephritis as compared to the significant deposition of complement seen
with immune complex disease and anti-glomerular basement membrane disease.35,36 Xiao et al hypothesized through
murine models that ANCA-induced activation of neutrophils results in the release of factors that activate the alternative
complement pathway amplification loop, leading to recruitment and activation of more neutrophils, resulting in the
severe necrotizing leukocytoclastic inflammation that is characteristic of acute ANCA disease.37

More recently, the important role of C5a/C5a receptor (C5aR/CD88) interactions have been demonstrated to be
important primers of neutrophils for activation by ANCA.38 C5a is a powerful chemoattractant for neutrophils, and
ligation by C5a of C5aR/CD88 activates neutrophils. Oral administration of CCX168, a small molecule antagonist of
human C5aR/CD88, ameliorated anti-MPO–induced necrotizing crescentic GN in mice expressing human C5aR/CD88.39

CCX168 (Avacopan) has successfully progressed to clinical trials in AAV, where it has shown potential as promise as
a replacement for glucocorticoids.40,41 Complement factor H (FH) is a key regulator of the alternative complement
pathway. Studies show plasma levels of FH were inversely associated with the disease activity and renal damage of
AAV.42 Neutrophils bound by complement factor H inhibit ANCA-induced neutrophil activation.43 However, FH from
patients with active AAV exhibited a deficient ability in inhibiting ANCA-induced neutrophil activation. MPO released
from neutrophils upon activation by ANCA, binds to FH and inhibits the complement regulatory activity of FH.
Therefore, it indicates that FH deficiency may amplify the feedback loop between activation of neutrophils and the
alternative complement pathway, thus contributing to the development of AAV42.

In addition to targeting the C5a receptor on neutrophils, drugs targeting the ANCA-induced neutrophil response have shown
therapeutic potential in experimental studies. These include agents targeting the ANCA autoantigen MPO; those inhibiting
intracellular signalling pathways initiated by ANCA binding, such a spleen tyrosine kinase; and those aimed at preventing
NETosis, with inhibitors of PAD4 (a critical enzyme in NET generation).44,45 Of note, these agents have been tested in pre-
clinical models of MPO-AAVonly, owing to their ready availability, and so their potential utility in PR3-AAV is less clear.

In addition to the distinct genetic and clinical features that associate with ANCA serotype, evaluation of circulating
cytokines in patients with active disease suggest stronger associations of selected serum biomarkers with either PR3-
AAV or MPO-AAV, than with clinical phenotype of GPA or MPA (Table 1). PR3-AAV had higher levels of 9 proteins
(IL-6, GM-CSF, IL-15, IL-18, CXCL8/IL-8, CCL17/TARC, IL-18BP, sIL-2Rα, NGFβ) compared to MPO-AAV, whereas
MPO-AAV had higher levels of 4 proteins (sIL6R, sTNFRII, NGAL, sICAM-1) compared to PR3-AAV.46 In contrast,
when patients were classified according to the clinical diagnosis with either GPA or MPA, there was less association
noted with the same biomarkers: serum levels of 6 markers were higher in GPA compared to MPA (IL-6, GM-CSF, IL-
15, IL-18, sIL-2Ra, NGFβ), and 3 were higher in MPA compared to GPA (Osteopontin, sTNFRII, NGAL). Differences in
these circulating immune mediators were more strongly associated with ANCA specificity than with clinical diagnosis,
suggesting that the heterogeneity in the AAV subtypes extends beyond the clinical phenotypes identified by the
conventional clinical classification (GPA versus MPA).46

Though AAV is primarily an antibody-associated disease, it is important to consider the pathogenic role for T cell
responses in AAV. Persistent T cell activation, especially of Th17 cells, contributes to the autoimmune pathogenesis of
AAV through malfunctioning of the T-reg compartment resulting in failure to suppress the activation of autoAg-specific
T cells.28,47 However, the mechanisms that initiate and maintain T cell activation in AAV remain unclear.

Epidemiology
Studying the epidemiology of ANCA-associated vasculitis has historically been challenging due to the rarity of the
conditions and lack of diagnostic criteria. The presence of vasculitis mimics also makes diagnosis for the purpose of

https://doi.org/10.2147/JIR.S284768

DovePress

Journal of Inflammation Research 2022:152570

Austin et al Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


epidemiological study challenging – for example one study found that 21% of patients with non-vasculitis diseases
fulfilled the 1990 ACR classification criteria.48

Whilst AAV remains a rare autoimmune disease, there has been a trend towards increasing reported incidence of AAV
over time. In the 1980s, the mean pooled incidence rate for GPAwas 4.65/million, increasing to 8.33/million in the 1990s
and 9.2/million in the 2000s.49 Though less studied, incidence rates of MPA have also risen with time. It is unclear
whether increased AAV rates reflect a true increase in incidence, or whether increased clinician awareness, diagnostic
capability with the advent of ANCA testing, and improving classification and diagnostic criteria are bigger factors.

Incidence also appears to increase with age, and the peak age at onset has also shifted to an older age bracket than
previously described. UK data between 1988–1997 described the peak age for primary systemic vasculitis (including
PAN as well as AAV) as 65–74.50 A recent study in the UK Midlands demonstrated increasing incidence rates with age,
with an incidence rate ratio of 31.1 for the >85 year age group compared with the 16–39 age group.51

Geographic variations have long been described in AAV, which may be a combination of genetic and ancestral
factors, and the effect of location in terms of latitude and UV radiation. Variations in the incidence of PR3-ANCA and
MPO-ANCA vasculitis with latitude are well documented, with Northern Hemisphere rates of GPA higher in more
northerly locations, and MPA more common towards the equator, for example in Southern Europe, China and Japan.52–55

A large multicentre European study describes increasing PR3-ANCA positivity with increasing latitude and decreasing
UV radiation.56 MPO-ANCA vasculitis appears significantly more common in Japan compared with the UK, as well as in
Chinese and Southern European populations.53,54 Seasonality has been repeatedly reported as a factor in AAV epide-
miology, with a higher incidence during winter months.55,57

It has been previously suggested that ANCA-associated vasculitis is more prevalent in populations with European
ancestry and less common in black and minority ethnic groups. However, a UK study from a multi-ethnic population has
shown no significant difference in age- and sex-matched incidence between white and black and minority ethnic
populations.51

Clinical Features and Disease Associations
The clinical features of the three AAV clinico-pathologic subtypes – MPA, GPA and EGPA – have been clearly
described. In addition to general features such as constitutional symptoms and purpuric skin rash, the more common
disease specific manifestations are summarised in Table 2.

Interestingly, age at AAV onset has been recently shown to associate with clinical features as well as outcomes 6
months after onset. A study of 1338 patients enrolled in the Diagnostic and Classification Criteria for Primary Systemic
Vasculitis (DCVAS) study showed several differences between younger (under 65 years) and older (65 years and above)
AAV cohorts. Younger patients were more likely to have MSK, cutaneous and ENT involvement. Older patients were

Table 2 Core Clinical Features of MPA, GPA and EGPA

MPA ● Renal disease – necrotising glomerulonephritis
● Lung disease – alveolar haemorrhage

GPA ● Ear nose and throat disease – nasal crusting, epistaxis, sinusitis, nasal ulceration, septal perforation, subglottic stenosis, hearing loss
● Eye disease – episcleritis, orbital granuloma or pseudo-tumour
● Lung disease – nodules, alveolar haemorrhage
● Renal disease – pauci-immune crescentic glomerulonephritis

EGPA ● Ear nose and throat disease – polyposis, rhinitis
● Lung disease – asthma
● Neurological – peripheral neuropathy, mononeuritis multiplex
● Cardiovascular - myocarditis
● Renal disease – necrotising glomerulonephritis

Abbreviations: GPA, granulomatosis with polyangiitis; MPA, microscopic polyangiitis; EGPA, eosinophilic granulomatosis with polyangiitis.
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more likely to have systemic, neurologic, cardiovascular, renal involvement and higher damage indices. Older patients
were more likely to be MPO-ANCA positive, and older age was an independent risk factor for death within 6 months.58

In recent years, further work has explored the relationship between ANCA subtype and clinical manifestations. Some
have concluded that ANCA subtype does not significantly influence clinical features, for example a pooled analysis of
GPA patients concluded there were no important clinical differences in terms of disease manifestations and rates of
relapse when comparing MPO-ANCA positive GPA patients and PR3-ANCA positive GPA patients.59 Risk of relapse
was associated more strongly with disease type (ie GPA vs MPA) than ANCA subtype.

However, other studies have recently explored and described possible links between ANCA subtype and clinical
features. One retrospective cohort study from a German vasculitis centre found that patients who had MPO-ANCA
positive GPA phenotype were more likely to have limited disease without severe organ involvement, compared with
PR3-ANCA positive GPA patients and MPO-ANCA positive MPA patients.60 The same cohort had higher prevalence of
subglottic stenosis, but a lower overall need for aggressive immune suppression including cyclophosphamide and
rituximab regimens. Similar observations have been made in a large Chinese study, which observed that renal involve-
ment in MPO-ANCA positive patients was significantly higher in those with an MPA phenotype rather than a GPA
phenotype.61 This adds weight to the argument that AAV should be classified according to ANCA subtype in addition to
clinical phenotype, since MPO-ANCA GPA seems to be a unique subset with milder (in particular renal) disease.

In terms of renal disease, prevalence was historically thought to be similar in PR3-positive and MPO-positive
patients. A recent US study has described a higher risk of end-stage renal failure in PR3-ANCA positive patients, but
that renal involvement as a whole was commoner in MPO-ANCA positive patients, who had overall lower eGFR at
presentation62 – the latter observation is consistent with other recent studies in which MPO-ANCA is associated with risk
of renal disease.63,64

Cutaneous manifestations in AAV – most frequently petechiae and purpura – are well described, but manifestations
according to ANCA subtype and AAV phenotype less well. Recent work has explored skin disease within AAV in more
detail, as well as its prognostic implications: those who are PR3-ANCA positive or ANCA negative, or have an GPA or
EGPA (rather than MPA) phenotype, and who also have skin involvement, have been found to be more likely to have
severe systemic manifestations such as alveolar haemorrhage and glomerulonephritis.65,66

Pulmonary involvement may also relate to ANCA subtype. A 2017 study of 140 GPA and MPA patients described
pulmonary involvement on CT scans performed at or after the onset of AAV. Central airways disease was more prevalent
in PR3-ANCA positive patients, whilst features more common in MPO-ANCA positive patients include usual interstitial
pneumonia and bronchiectasis.67 Further work has emphasised the association between bronchiectasis and MPO-ANCA
positivity, and described an association between MPO-positive AAV patients with bronchiectasis and increased frequency
of peripheral nerve involvement (but reduced frequency of renal involvement).68

In terms of comorbidities, a UK case-control study has identified associations with pre-existing bronchiectasis and
other autoimmune diseases in patients with GPA.69

Morbidity, Mortality and Co-Morbidities
Despite progressively falling mortality rates in AAV,70 long term outcomes in the AAVs remain suboptimal. A recent
meta-analysis has indicated a 2.7-fold increase in mortality in patients with AAV compared with the general population.71

GPA alone conferred a similar mortality risk at 2.63-fold, mortality risk was highest in older cohorts, and there has been
a trend towards improvement over time.

Further studies have attributed premature mortality in AAV to cardiovascular disease (CVD), infection, malignancy
and renal causes of death. In terms of specific ANCA subtypes, a recent cohort study in the USA determined standardised
mortality ratios (SMRs) for AAV patients, and specifically compared MPO-ANCA positive and PR3-ANCA positive
cases. Both subsets’ highest SMR (compared with the general population) was for infection, and both had elevated SMR
for malignancy. MPO-ANCA patients (when compared with PR3-ANCA patients) had a higher risk of death attributed to
CVD (adjusted hazard ratio 5.0).72
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There is also significant morbidity attached to AAV as a whole, which until recently has been poorly quantified.
A systematic review comprising 1375 studies and almost 14,000 AAV patients showed a relative risk of 1.65 for all
cardiovascular events, 1.60 for ischaemic heart disease, and 1.20 for cerebrovascular accidents.73

Malignancy risk in AAV has long been accepted to be higher than the general population, largely attributed to
cyclophosphamide exposure,74,75 with malignancy risk in rituximab-treated patients largely similar to the general
population.76 There has been debate as to whether AAV patients are truly at higher risk of solid organ malignancies,
or whether cancer rates are driven by non-melanoma skin cancer. Some studies have concluded that the risk of non-skin
cancers in AAV is non-significant,77 whilst others suggest that rates of solid organ malignancies such as pancreatic and
bladder cancers are significantly elevated in AAV patients over long-term follow up.78 A large nationwide study in Korea
has more recently explored cancer risk further. This propensity-matched study of 1982 patients with AAV showed an
overall increased cancer incidence in patients with AAV, with a hazard ratio 1.32. AAV patients were at increased risk of
haematological, skin, bladder and lung cancers.79 Cancer risk was higher in GPA than MPA or EGPA. Older age at
diagnosis as well as cyclophosphamide use were other variables independently associated with increased risk. Rituximab
use was not associated with increased risk.

Recent studies have demonstrated an association between AAV and venous thromboembolism (VTE), with incidence
of VTE in AAV patients around three times higher than in the general population.80 A more recent observational study
confirmed high rates of VTE in AAV patients, and described disease activity (measured by BVAS) and age as
independent predictors of AAV-related VTE.81 MPO-ANCA positivity showed a positive trend with VTE, but did not
reach statistical significance. Furthermore, a large multinational study has recently shown high rates of VTE within the
initial phase of active disease, but did not indicate any difference between GPA, MPA and EGPA.82 Neutrophil
extracellular traps and associated tissue factor have been postulated as a possible mechanism for the increased propensity
to VTE in AAV patients.83

Diagnosis and Classification
Diagnosis
Initial presentation of AAV is often non-specific with constitutional symptoms before the development of organ-specific
features. This can cause diagnostic delay, with the median time to diagnosis of vasculitis being seven months in one 2021
cohort.84

The diagnostic process is dependent upon recognition of a clinical phenotype, exclusion of vasculitis mimics, and
assessment of the extent of disease. This can help identify an appropriate site for biopsy. The aim should always be to
gain timely serological, imaging and histological evidence of AAV prior to commencing treatment (for example
glucocorticoids) to maximise yield and sensitivity of tests.85 When indirect immunofluorescence (IIF) is combined
with ELISA testing e.g. a cANCA pattern with confirmatory ELISA for PR3, ANCA testing is highly specific.86 More
recently, however, recommendations have changed to encourage use of antigen-specific assays for PR3- and MPO-
ANCA first line over indirect immunofluorescence due to their high diagnostic performance, and large variability
between two tested IIF methods.85

International consensus guidelines recommend testing ANCA in any patient with clinical features suggesting AAV, as
well as any patient with anti-GBM disease or idiopathic interstitial pneumonia. Routine testing is not recommended in
other conditions, with some exceptions, for example atypical ANCA testing by IIF in case of diagnostic uncertainty to
help differentiate ulcerative colitis from Crohn’s disease.87

Histopathological findings of necrotising vasculitis in any organ or pauci-immune glomerulonephritis are the most specific
findings for AAV but diagnostic utility varies from tissue to tissue. Renal biopsy is most sensitive and specific in GPA and lung
biopsy in EGPA.88,89 ENT biopsy specimens may only show acute or chronic inflammatory features, with more specific
findings of vasculitis and granulomas evident in 21% of GPA specimens and necrotizing vasculitis or eosinophilic granuloma
evident in under 10% of EGPA specimens.90 Whilst not specific, the exclusion of immune complexes or vascular IgA
deposition on immunofluorescence of tissue specimens can rule out other forms of small vessel vasculitis.
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Classification
The American College of Rheumatology (ACR) first published classification criteria for systemic vasculitis including
GPA and EGPA in 1990.91 These have served to identify homogenous cases of vasculitis for recruitment into research
studies and clinical trials from amongst a disease population that is otherwise heterogeneous in terms of clinical features
and outcomes.92 Classification criteria are traditionally weighted toward a high specificity over sensitivity and are not
intended for routine clinical or diagnostic use.93 Conversely, diagnostic criteria are intended for clinical use and should
have a high positive predictive value of disease with both high specificity and sensitivity.93 This is challenging to develop
for conditions such as vasculitis that lack a “gold standard” test for diagnosis.

In 2010, the European League Against Rheumatism (EULAR) published on points to consider for the future
development of classification criteria for vasculitis.94 Some shortcomings in the 1990 criteria were identified; MPA
was not recognised as a specific condition having been formally defined in 199495 and ANCA serology was not
incorporated into the GPA or MPA criteria but is now a key investigation.96 Reflecting this, when applied to
a contemporary patient cohort, the 1990 classification criteria performed poorly with one third of patients not correctly
classified, particularly in those with GPA or EGPA.97 Finally, advances in both modern imaging technology, for example
the routine use of computer tomography, temporal artery ultrasounds and positron emission tomography (PET) scans, and
statistical methodology have highlighted the need for updated classification criteria for all forms of primary systemic
vasculitis.

The DCVAS collaboration is an international project funded by the ACR and EULAR, established with the aim of
publishing updated diagnostic and classification criteria for primary systemic vasculitis, including AAV.98 Final data was
submitted for 6991 patients from 136 sites in 32 countries.99 The data has been used to develop and validate new
classification criteria for GPA, EGPA and MPA, which has aimed to incorporate clinical, serological, cross sectional
radiological and histological findings. The criteria will however be for classification, and should only be applied in
patients who have had a diagnosis of small to medium vessel-vasculitis made, after all potential vasculitis mimics have
been excluded. The AAV classification criteria was published in 2022.100,101,102

Management
AAV can cause organ and life-threatening disease. Treatment involves immunosuppressive medication with potential for
significant adverse effects. Treatment can be divided into two main phases, induction of remission (in new or relapsing
disease) and maintenance of remission. Current recommended management is summarised in Table 3.

Historically patients with GPA/MPA and positive PR3/MPO have been grouped together for clinical trials. Emerging
evidence shows influence of serotype on disease outcomes eg PR3-ANCA cases responded better to Rituximab and
MPO-ANCA cases tended to have better responses to avacopan, leading to the exciting prospect of whether trials should
explore “personalised” treatment according to ANCA subtype.41,103

Remission Induction
The EULAR recommendations for remission induction include glucocorticoids (GC) plus cyclophosphamide (CYC) or
Rituximab (RTX) in organ or life threatening disease.85 Methotrexate (MTX) or mycophenolate mofetil (MMF) are
recommended for non-organ threatening disease. In 2021, the American College of Rheumatology (ACR) published
treatment guidelines; for patients with active, severe GPA/MPA, treatment with RTX was conditionally recommended
over CYC for remission induction with reduced dose GCs to standard protocol.104 RTX is considered less toxic than
CYC and is generally better-tolerated. Patients with relapsing disease and PR3-ANCA showed better outcomes on long
term follow up in the RAVE trial.103

In patients with relapsing disease, a prospective observational cohort of patients enrolled into the induction phase of
the RITAZAREM trial showed that rituximab in conjunction with glucocorticoids demonstrated a high level of efficacy
for the reinduction of remission.105 Remission induction with MTX and GCs was preferred over other combinations in
active non-severe GPA patients.104 In patients with EGPA with severe disease, ACR recommends GCs with CYC/RTX
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and in patients with non-severe EGPA GC with mepolizumab, MTX, Azathioprine (AZP), MMF or RTX is preferred in
order of preference. Induction therapy leads to remission in 90% of patients.106

Early mortality in elderly patients with AAV was associated with severe infections in the initial phase of treatment.107

Initial high dose steroids and renal impairment at diagnosis were identified as predictive risk factors for early severe
infection. Treatment with methylprednisolone (MP), as well as the total dose of MP delivered, was associated with a higher
and earlier onset of infection and severe infection episodes that were particularly prominent in the first month following

Table 3 Summary of ACR 2021 and EULAR 2017 Guidelines for the Management of AAV

Granulomatosis with
Polyangiitis

Microscopic
Polyangiitis

Eosinophilic Granulomatosis with
Polyangiitis

American College of Rheumatology 2021 Guideline

Induction
Severe High dose IV or PO GC

RTX > CYC*

IVIg if unable to receive conventional
immunosuppression (due to sepsis, pregnancy

etc)

PLEX not routinely recommended in
glomerulonephritis or alveolar haemorrhage*

High dose IV or PO GC

CYC or RTX

Non severe MTX + GC* MEP + GC
MTX or AZA or MMF + GC

Refractory disease Switch induction therapy*
Add IVIg to induction therapy*

Remission RTX with scheduled re-dosing
MTX or AZA > MMF or LEF*

Remission achieved on CYC: MTX or AZA or
MMF > RTX or MEP

Ungraded position: duration of GC treatment should be guided by the patient’s clinical condition,
preferences and values

Relapse
Severe disease If not on RTX: RTX > CYC*

On RTX: Switch RTX to CYC*

Alternatively add IVIg*

RTX > CYC*

Non-severe Asthma and/or sinonasal disease: add MEP

EULAR 2017 Guideline

Induction
Organ or life-threatening CYC or RTX + GC
Rapidly progressive renal failure or
pulmonary haemorrhage

Consider PLEX

Non organ-threatening disease MTX or MMF + GC

Refractory disease Switch induction therapy

(reconsider diagnosis and seek expert centre support ± recruitment into RCT)

Remission AZA or MTX or RTX + GC taper

After 2 years taper MTX or AZA; stop RTX

Relapse Major CYC or RTX + GC

Note: *Conditional recommendation (ACR 2021 guideline).
Abbreviations: ACR, American College of Rheumatology; AZA, azathioprine; CYC, cyclophosphamide; EULAR, European League Against Rheumatism; GC, glucocorti-
coid; IV, intravenous; IVIg, intravenous immunoglobulin; LEF, leflunomide; MEP, mepolizumab; MMF, mycophenolate; MTX, methotrexate; PLEX, plasma exchange; PO, oral;
RCT, randomised controlled trial; RTX, rituximab.
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commencement of therapy.108 Indeed, recent trials show that a reduced-dose regimen of oral glucocorticoids was non-inferior
to a standard-dose regimen and associated with fewer infections.109 The recently published LoVAS trial showed that
a reduced-dose glucocorticoid plus rituximab regimen was noninferior to a high-dose glucocorticoid plus rituximab regimen
with regard to induction of disease remission at 6 months in newly diagnosed elderly ANCA patients.110

A retrospective analysis of 129 sequential patients with newly diagnosed or relapsing active ANCA vasculitis showed
a 3-drug regimen comprising rituximab, a 2-month course of oral, low-dose cyclophosphamide, and an accelerated
prednisone taper was efficacious in inducing remission.111 A study among a cohort of patients at Hammersmith Hospital
showed a combination of rituximab, intravenous cyclophosphamide and a rapidly tapered oral prednisolone was
efficacious in early disease control in renal AAV and remained effective in 94% of patients at 6 months.112

Prospective studies are required to compare these regimens with current standard treatment protocols, to consider the
benefits of further reduction of glucocorticoids in the management of AAV.

Studies have also investigated whether glucocorticoids can be replaced without compromising efficacy. The orally
administered C5aR inhibitor avacopan can replace high-dose glucocorticoids effectively and safely in patients with AAV
with added benefit by avoiding glucocorticoid side effects, and improved preservation of renal function.40 The
ADVOCATE trial showed that Avacopan was noninferior but not superior to tapered prednisone with respect to
remission at week 26 and was superior to prednisone with respect to sustained remission at week 52.41

EULAR recommendations suggest the use of PLEX as add-on therapy in AAV patients with severe diffuse alveolar
haemorrhage (DAH) or serum creatine level of ≥ 500 mmol/L.85 PEXIVAS showed that in patients with severe ANCA-
associated vasculitis plasma exchange did not result in a lower incidence of death or ESKD than no plasma exchange.109

A meta-analysis did not support the wide use of PLEX for the management of AAV, as it did not lead to decreased overall
mortality rates, though there was encouraging data indicating a potentially decreased incidence of ESRD in the long-term
among patients receiving PLEX.113 Significant differences in outcome were noted in a cohort of patients requiring dialysis at
outset and those presenting with serum creatinine >500 μmol/L but not requiring dialysis.114 As a result, further work to
explore the benefit of PLEX in patients with severe kidney involvement or pulmonary haemorrhage is warranted.

Remission Maintenance
EULAR and ACR recommendations for remission maintenance therapy are RTX, MTX, AZA, MMF or leflunomide
(LEF) in GPA/MPA patients.85,104 For maintenance therapy in AAV, rituximab was superior to azathioprine at main-
taining remission of ANCA associated vasculitis especially for patients with granulomatosis with polyangiitis and PR3-
ANCA and this superiority lasted at 60 months follow up.115,116 MAINRITSAN 2 compared fixed dose regimen (two
500 mg doses of RTX a fortnight apart after remission induction followed by 500 mg every 6 months until month 18)
with an individually tailored RTX maintenance regimen based on monitoring of ANCA and B cells and showed AAV
relapse rates were not significantly different between the groups but the cumulative Rituximab dose received in the
individually tailored group was much less.117 BSR guidelines recommend fixed interval dosing with RTX, either 500 mg
or 1000 mg administered every 6 months for a period of 2 years.118 The REMAIN trial showed that ANCA positivity at
initiation of maintenance (but not ANCA serotype) predicted subsequent relapse and a longer maintenance regimen may
need to be considered for such patients.119

Novel Therapies
Several new therapeutic targets are being identified and tested in trials. A multi-centre double blinded placebo-controlled
Phase 3 trial showed that in patients with relapsing or refractory EGPA, treated with mepolizumab, an anti-IL-5
monoclonal antibody, demonstrated longer remission with a lower frequency of relapse.120 An open label small
prospective study of 20 patients with non-severe relapsing GPA treated with abatacept provided support for the
therapeutic efficacy of abatacept in non-severe GPA.121 This has led to the ABROGATE trial which is currently
underway and will conclude in 2023.122 Humanised monoclonal anti-CD52 antibodies (alemtuzumab, CAMPATH-1H)
selectively deplete lymphocytes and were shown to induce remission in difficult to treat AAV patients.123 An open-label
Phase IV trial, Alemtuzumab for ANCA-Associated Refractory Vasculitis (ALEVIATE) is ongoing.124 Case reports show
a place for Eculizumab, a monoclonal antibody against C5 which was efficacious in rapidly inducing remission in
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aggressive AAV patients in whom religious beliefs prohibited the receipt of blood products precluding the use of plasma
exchange and cyclophosphamide.125

These developments will hopefully lead to less toxic, patient-tailored therapy by targeting specific immune mediators,
rather than the broad immunosuppressive effect of such treatments as glucocorticoids and cyclophosphamide.

Outcome Measures in AAV
Disease activity in AAV vasculitis has traditionally been monitored using clinician-based assessments including biochemical
markers of inflammation or renal function and validated clinician-led assessment tools including BirminghamVasculitis Activity
Scale (BVAS)126 and the Vasculitis Damage Index (VDI).127 However, qualitative data suggests that patients with AAV can
continue to report poorHealth-RelatedQuality of Life (HRQoL) scores despite lowBVASorVDI scores. AsAAVhas progressed
from a life-limiting illness to a chronic, relapsing and remitting condition (for many patients), the importance of HRQoL and the
patient perspective has become increasingly important. In particular, the majority of patients experience profound fatigue128

which has repeatedly been found to impact significantly upon HRQoL.129,130 Increased rates of depression, anxiety and pain can
also impact upon both work and social life and are important factors affecting the patient’s view of their quality of life.130

Patient-reported outcome (PRO) data are validated tools that measure a patient’s perspective of their condition. Patient-
reported outcome measures (PROMs) evaluate the patients’ perceived HRQoL and health status and patients are therefore
involved in the evolution of PROMs.131 PRO measures can be either generic and used across a variety of conditions or
disease-specific. A recent review in 2020 found that 41% of RCTs evaluating vasculitis were now using PRO data.132

Since 2011, the OMERACT vasculitis working group has highlighted the importance of developing a disease-specific PROM
in vasculitis.133 In 2018 Robson et al published the validation of the ANCA-associated vasculitis patient-reported outcomes
(AAV-PRO) questionnaire.134 This is a 29-item questionnaire encompassing the impact of AAVand its associated treatments on
the patients’ HRQoL. Domains include: “organ specific symptoms”, “treatment side effects” and “concerns about the future”.
Younger patients and women scored higher (i.e. poorer scores) across the subscales for AAV-PRO. Participants were able to
assess their own activity of the disease in around 70% of cases as “active” or “in remission”. This has recently been cross-
validated in Italy and it has now been translated into 27 languages.135 AAV-PRO is therefore validated to be included in clinical
trials to provide an important patient perspective. During validation of the AAV-PRO, there was a significant difference in scores
between patients’ self-report of active disease versus inactive disease on all six domains on known groups analysis, indicating that
the disease specific PRO may be useful as a measure of disease activity from the patients’ perspective, in addition to capturing
impact on HRQoL.

Future areas of interest include treatment-specific outcome measures. In AAV, as with many autoimmune conditions,
glucocorticoids are a cornerstone of treatment. Despite it being well recognised that steroids can produce a number of
potential side effects136 a glucocorticoid-specific PROM is not yet in use. The OMERACT Glucocorticoid Working
Group has identified this as a key area for future work137 and Bridgewater et al have recently presented a conceptual
framework that will be used in the development of a steroid-specific PROM.138 This will be of particular interest for
AAV patients given the frequent need for long-term steroids.

Measures of Disease Activity
PR3-ANCA serological testing may be helpful in terms of predicting relapse in AAV patients, as evidenced by a recent analysis
of data from the Rituximab versus Cyclophosphamide for ANCA-associated Vasculitis (RAVE) trial. An increase in PR3-ANCA
antibody level was associated with subsequent severe relapse, particularly in patients with renal involvement and alveolar
haemorrhage.139 Similarly, the MAINRITSAN2 trial107 used ANCA to guide retreatment with rituximab. Additionally, a recent
single centre cohort study in the Netherlands found that patients who achieved and maintained PR3-ANCA negativity after
remission induction with rituximab were significantly less likely to relapse. Therefore, in this specific cohort of PR3-ANCA
patients treated with rituximab particularly, there may be value in closely monitoring antibody levels.140

Conclusions
Significant developments have been made in understanding the underlying pathogenesis of AAV, and refinement of optimal
treatment regimens which maximise control of active disease, whilst reducing adverse effects and impact on health-related
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quality of life. Advances have been made particularly in identifying the nuances between MPO- and PR3-ANCA vasculitis.
Better understanding of the pathogenesis, genetics and cytokine profiles of each subtype may mean future therapies can be
tailored to the patient’s specific ANCA profile as well as (or even instead of) their clinical phenotype. There may therefore be
a move in practice away from broad immunosuppressive regimes, including high dose glucocorticoids and cyclopho-
sphamide, towards more personalised management strategies. Specific ANCA subtype may influence disease monitoring,
approach to (particularly cardiovascular) morbidity, and patient-reported outcome measures.
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