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Updates in ANCA-associated vasculitis

Abstract
Antineutrophil cytoplasm antibody (ANCA)-associated vasculitides are small-vessel vasculitides that include granulomatosis with poly-
angiitis (formerly Wegener’s granulomatosis), microscopic polyangiitis, and eosinophilic granulomatosis with polyangiitis (Churg–Strauss 
syndrome). Renal-limited ANCA-associated vasculitides can be considered the fourth entity. Despite their rarity and still unknown cause(s), 
research pertaining to ANCA-associated vasculitides has been very active over the past decades. The pathogenic role of antimyeloperoxi-
dase ANCA (MPO-ANCA) has been supported using several animal models, but that of antiproteinase 3 ANCA (PR3-ANCA) has not been as 
strongly demonstrated. Moreover, some MPO-ANCA subsets, which are directed against a few specific MPO epitopes, have recently been 
found to be better associated with disease activity, but a different method than the one presently used in routine detection is required 
to detect them. B cells possibly play a major role in the pathogenesis because they produce ANCAs, as well as neutrophil abnormalities 
and imbalances in different T-cell subtypes [T helper (Th)1, Th2, Th17, regulatory cluster of differentiation (CD)4+ CD25+ forkhead box P3 
(FoxP3)+ T cells] and/or cytokine–chemokine networks. The alternative complement pathway is also involved, and its blockade has been 
shown to prevent renal disease in an MPO-ANCA murine model. Other recent studies suggested strongest genetic associations by ANCA 
type rather than by clinical diagnosis. The induction treatment for severe granulomatosis with polyangiitis and microscopic polyangiitis 
is relatively well codified but does not (yet) really differ by precise diagnosis or ANCA type. It comprises glucocorticoids combined with 
another immunosuppressant, cyclophosphamide or rituximab. The choice between the two immunosuppressants must consider the 
comorbidities, past exposure to cyclophosphamide for relapsers, plans for pregnancy, and also the cost of rituximab. Once remission is 
achieved, maintenance strategy following cyclophosphamide-based induction relies on less toxic agents such as azathioprine or meth-
otrexate. The optimal maintenance strategy following rituximab-based induction therapy remains to be determined. Preliminary results 
on rituximab for maintenance therapy appear promising. Efforts are still under way to determine the optimal duration of maintenance 
therapy, ideally tailored according to the characteristics of each patient and the previous treatment received.  
Keywords: Antineutrophil cytoplasmic antibody-associated vasculitis, granulomatosis with polyangiitis (Wegener’s granulomatosis), mi-
croscopic polyangiitis, Churg–Strauss syndrome (eosinophilic granulomatosis with polyangiitis), cyclophosphamide, rituximab

Introduction
Antineutrophil cytoplasm antibody (ANCA)-associated vasculitides are small-vessel vasculitides that in-
clude granulomatosis with polyangiitis (GPA; formerly Wegener’s granulomatosis), microscopic polyangiitis 
(MPA), and eosinophilic granulomatosis with polyangiitis (EGPA; also known as Churg–Strauss syndrome) 
(Table 1) (1-4). Renal-limited ANCA-associated vasculitis can be considered the fourth entity in this group, 
although it eventually corresponds to a kidney-limited form of MPA or GPA in practice. Despite the rarity 
and still unknown cause(s) of ANCA-associated vasculitides, research pertaining to these diseases has been 
very active and steadily increasing over the past three decades. The results of several clinical and more 
basic fundamental studies demonstrated that each of these diseases has some different pathogenic mech-
anisms and genetic associations (5-8). From a therapeutic point of view, treatment strategies have been 
gradually better defined, and several targeted biologic agents, initially developed for other diseases, have 
been studied and/or are still under investigation (9-13). One of them is the monoclonal antiCD20 antibody 
rituximab, which was demonstrated in two randomized controlled trials to be a possible alternative to the 
conventional cytotoxic cyclophosphamide to induce remission in adults with severe GPA or MPA combined 
with glucocorticoids (14-16). Investigations have already been conducted and some others are ongoing to 
evaluate rituximab for maintenance therapy (17). Several other trials are under way to further optimize the 
treatment strategies for patients with more specific forms of ANCA-associated vasculitides or at different 
times of their disease course (18, 19). This article summarizes the results of some of the main studies recent-
ly published on ANCA-associated vasculitides that may impact practice. 

Epidemiology
ANCA-associated vasculitides affect both genders equally. The average age at diagnosis is in the fifth de-
cade, but young children and older adults can be affected too. Most patients (93%–98%) are white (Cau-
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1990 ACR classification criteria for Wegener’s granulomatosis

	 For purposes of classification, a patient shall be said to have Wegener's granulomatosis if at least 2 of these 4 criteria are present. The presence  
	 of any 2 or more criteria yields a sensitivity of 88.2% and a specificity of 92.0%. 

		  1. Nasal or oral inflammation: Development of painful or painless oral ulcers or purulent or bloody nasal discharge.
		  2. Abnormal chest radiograph: Chest radiograph showing the presence of nodules, fixed infiltrates, or cavities.
		  3. Urinary sediment: Microhematuria (>5 red blood cells per high power field) or red cell casts in urine sediment. 
		  4. Granulomatous inflammation on biopsy: Histologic changes showing granulomatous inflammation within the wall of  
		      an artery or in the perivascular or extravascular area (artery or arteriole).

1990 ACR classification criteria for Churg–Strauss syndrome

	 For purposes of classification, a patient shall be said to have Churg–Strauss syndrome if at least 4 of these 6 criteria are present. The presence  
	 of any 4 or more criteria yields a sensitivity of 85% and a specificity of 99.7%. 

		  1. Asthma: History of wheezing or diffusion of high-pitched expiratory rhonchi.
		  2. Eosinophilia greater than 10% on differential white blood cell count.
		  3. Mononeuropathy (including multiplex) or polyneuropathy: Development of mononeuropathy, multiple  
		      mononeuropathies, or polyneuropathy (glove/stocking distribution) attributable to systemic vasculitis.
		  4. Non-fixed pulmonary infiltrates: Migratory or transitory pulmonary infiltrates (not including fixed infiltrates)  
		      attributable to vasculitis.
		  5. Paranasal sinus abnormality: History of acute or chronic paranasal sinus pain or tenderness or radiographic  
		      opacification of the paranasal sinuses.
		  6. Extravascular eosinophils: Biopsy including artery, arteriole, or venule showing accumulations of eosinophils in  
		      extravascular areas.

Definition of ANCA-associated vasculitides in the nomenclature of systemic vasculitis adopted in 2012 by the Chapel Hill consensus conference
	 Large-vessel vasculitis: Giant-cell arteritis; Takayasu arteritis
	 Medium-sized-vessel vasculitis: Polyarteritis nodosa; Kawasaki disease
	 Small-vessel vasculitis*:

		  ANCA-associated vasculitides†

			   Granulomatosis with polyangitiis (Wegener's granulomatosis)
			   Necrotizing granulomatous inflammation usually involving the upper and lower respiratory tract, and  
			   necrotizing vasculitis affecting predominantly small to medium vessels (e.g., capillaries, venules, arterioles,  
			   arteries, and veins). Necrotizing glomerulonephritis is common.

			   Eosinophilic granulomatosis with polyangiitis (Chrug-Strauss syndrome)
			   Eosinophil-rich and necrotizing granulomatous inflammation often involving the respiratory tract. Necrotizing  
			   vasculitis predominantly affecting small to medium vessels and associated with asthma and eosinophilia. ANCA  
			   is more frequent when glomerulonephritis is present.

			   Microscopic polyangiitis
			   Necrotizing vasculitis with few or no immune deposits predominantly affecting small vessels (i.e., capillaries,  
			   venules, or arterioles).
			   Necrotizing arteritis involving small and medium arteries may be present. Necrotizing glomerulonephritis is very  
			   common. Pulmonary capillaritis often occurs. Granulomatous inflammation is absent.

		  Immune-complex small-vessel vasculitides
			   IgA vasculitis (Henoch–Schönlein purpura)
			   Cryoglobulinemic vasculitis
			   Hypocomplementemic urticarial vasculitis (anti-C1q vasculitis)

	 Variable vessel vasculitis: Behcet’s disease; Cogan’s syndrome
	 Single-organ vasculitis: cutaneous leukocytoclastic angiitis; cutaneous arteritis; primary central nervous system vasculitis; isolated aortitis;  
	 others
	 Vasculitis associated with systemic disease: lupus vasculitis; rheumatoid vasculitis; sarcoid vasculitis; others
	 Vasculitis associated with probable etiology: hepatitis C virus–associated cryoglobulinemic vasculitis; hepatitis B virus-associated vasculitis;  
	 syphilis-associated aortitis; drug-associated immune complex vasculitis; drug-associated ANCA-associated vasculitis; cancer-associated  
	 vasculitis; others

*Large vessels are the aorta and its major branches and the analogous veins. Medium vessels are the main visceral arteries and veins and their initial branches. Small vessels are intraparenchymal 
arteries, arterioles, capillaries, venules, and veins.
†Necrotizing vasculitis with few or no immune deposits predominantly affecting small vessels (i.e., capillaries, venules, arterioles, and small arteries) associated with myeloperoxidase (MPO) ANCA or 
proteinase 3 (PR3) ANCA. Not all patients have ANCA. Add a prefix indicating ANCA reactivity, e.g., MPO-ANCA, PR3-ANCA, ANCA-negative.
ACR: American College of Rheumatology; ANCA: antineutrophil cytoplasm antibody  

Table 1. Classification criteria and definitions of the ANCA-associated vasculitides according to the American College of Rheumatology (ACR, 1990; 
microscopic polyangiitis was not yet individualized as a specific entity at that time) and the 2012 Chapel Hill nomenclature (1-4)
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casian and Hispanics). However, recent studies 
of MPA, the most common ANCA-associated 
vasculitis in Asians, showed that its annual in-
cidence in Japan is similar to that in the United 
Kingdom (20). The estimated annual incidenc-
es of GPA or MPA are close and vary from 2 to 
12 cases per million population, with preva-
lences from 23 to 160 cases per million pop-
ulation (21). EGPA is much rarer than GPA or 
MPA, with an incidence of 1–4 cases per million 
population and a prevalence of approximately 
10–20 cases per million population (8, 22, 23).

Intriguingly, the incidence of GPA, and perhaps 
that of the two other ANCA-associated vascu-
litides, seems to have increased over the past 
decades, according to several European studies. 
These changes could be explained in part by the 
better awareness of the disease and thus more 
frequent and earlier diagnosis (24). However, 
a recent British study suggested peaks of inci-
dence every 8 to 10 years for GPA (17.4 vs 4.53 
cases/million/year during vs not during peaks), 
with no such periodicity for MPA (25). Many stud-
ies suggested some seasonal variations in the in-
cidence of GPA but not reproducibly during the 
same periods of the year (21, 26).

Genetics
ANCA-associated vasculitides are not inherited 
or genetic diseases. Familial forms are extreme-
ly rare. Several international teams have con-
ducted studies on genome-wide associations. 
The most reproducible genetic associations 
reported are for molecules of the major his-
tocompatibility complex HLA-DPB1*0401 for 
patients with ANCA (odds ratio 3.38) and allele 
deficiency of alpha-1 antitrypsin for GPA (serpin 
A1; PI*Z alleles in 5%–27% of GPA patients, PI*S 
alleles in 11.58%, homozygosity for deficiency 
ZZ, SS, or SZ associated with more severe forms) 
(27, 28). The other main and most recent find-
ing is that the strongest genetic associations 
are with ANCA antigenic specificity rather than 
with clinical syndrome (MPA vs GPA): antipro-
teinase 3 ANCA (PR3-ANCA)-associated vascu-
litis is associated with HLA-DP, the genes en-
coding alpha 1-antitrypsin (SERPINA1) and PR3 
(PRTN3), whereas antimyeloperoxidase ANCA 
(MPO-ANCA)-associated vasculitis is more often 
associated with HLA-DQ. As detailed later in this 
article, this finding underscores important dif-
ferences between PR3- and MPO-ANCA-associ-
ated vasculitides. One may eventually catego-
rize patients with ANCA-associated vasculitides 
according to their ANCA status rather than as 
having GPA or MPA (23). Genes associated with 
EGPA have been more challenging to study, 
mainly because of the small number of patients 
analyzed so far and may include HLA-DRB1*04 
and *07 alleles (27, 29).

Clinical and biological findings, diagnosis
The main characteristics and differences of 
GPA, MPA, and EGPA are summarized in Table 2, 
and Figures 1-7 show some of the most typical 
manifestations. ANCA-associated vasculitides 
are all potentially life-threatening, but less se-
vere forms exist. For example, GPA can remain 
localized to the upper airway where it is often 
persistent, multi-relapsing, and/or refractory to 
treatments.

The diagnosis of ANCA-associated vasculitis 
relies on the combination of clinical findings 
and results of imaging studies and basic and 
nonspecific biology tests (inflammatory mark-
ers such as erythrocyte sedimentation rate and 
C-reactive protein level, complete blood count, 
renal parameters, and urine sediment analy-
sis). In addition, more specific methods such 
as ANCA testing and, when feasible, biopsy of  
the affected organ can also be performed 
(Figure 8). Ruling out the differentials or com-
plications of therapy, including infections or 
malignancy, is mandatory during the entire 
disease course. Some drugs can induce (pro-
pylthiouracil is the most famous one) and/or 
mimic (levamisole–cocaine) ANCA-associated 

Figure 2. Nasal septum perforation in a patient with polyangiitis (GPA) 
(Note the light going from one nostril to the other through the perforated nasal septum and the crusty bleedy 
posterior wall of the sino-nasal cavity)

Figure 1. Saddle-nose deformity in a patient 
with granulomatosis with polyangiitis (GPA)
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vasculitides (30-33). Most routinely used meth-
ods for ANCA testing include indirect immuno-
fluorescence (to detect c-ANCA with a cytoplas-
mic labeling pattern, p-ANCA with a perinuclear 
pattern, and sometimes x-ANCA for an atypical 
pattern) and enzyme-linked immunosorbent 
assay (ELISA; to detect PR3- and/or MPO-ANCA; 
non-routine ELISA tests can also detect ANCA 
with other specificities such as anti-elastase or 
anti-cathepsin G). Newer detection techniques 
include multiplex (“bead”) technology, auto-
mated image analysis of immunofluorescence 
patterns, and “third-generation PR3-ANCA and 
MPO-ANCA ELISA.” It should be kept in mind 
that a positive ANCA test result can be observed 
in other conditions, such as auto-immune hep-
atitis, ulcerative colitis, infection with hepatitis C 
virus or HIV, or infectious endocarditis, without 
associated vasculitis. In addition, with the pres-
ently available and routine ANCA detection and 
measurement tests, ANCA status and titer moni-
toring should not be used to adjust therapy, and 
up to 20% of GPA and MPA patients and more 
than 60% of those with EGPA are ANCA-nega-
tive. These ANCA-negative GPA patients most 
often have limited disease, although it may 
progress later on to a more severe and diffused 
form and sometimes become ANCA-positive. 
The ANCA-negative EGPA patients may more 
frequently have cardiac manifestations but less 
renal or peripheral nerve involvement (34-38). 

Biopsies of skin purpuric lesions are easy to per-
form and will usually reveal vasculitis, although 
most medium- or small-sized vessel vasculitis 
can cause the same type of histological lesions. 
Vascular and extravascular eosinophilic granu-
lomas are more suggestive of EGPA. Nasal or si-
nus biopsies have low sensitivity (<40%), even 
when performed by trained surgeons on ul-
cerated areas and with deep mucosa samples. 
Open lung biopsy, with some lung involve-
ment on imaging, yields high sensitivity along 
with renal biopsy but is an invasive procedure 
(39, 40). Renal biopsy is easier to perform and 
can show the classical pauci-immune cres-
centic and necrotizing glomerulonephritis in 
patients with renal involvement. The histolog-
ical pattern can also help determine the renal 
prognosis because the presence of sclerosis 
at diagnosis already reflects intense damage 
that may not be reversible (41). Focal glomer-
ular lesions (>50% of normal glomeruli) and 
crescentic categories (crescents in >50% of 
the glomeruli) have better prognosis than scle-
rotic (>50% of glomeruli) or mixed categories. 
In practice, the need for an invasive biopsy in 
an ANCA-positive patient with typical clinical 
manifestations of GPA or MPA and no evidence 
of any infection, cancer, or drug-induced dis-
ease remains a case-based decision.
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Figure 3. Purpuro-ecchymotic skin lesions on the legs of a patient with eosinophilic granuloma-
tosis with polyangiitis (EGPA)
(Legs are the most commonly involved areas for skin lesions in antineutrophil cytoplasm antibody (ANCA)-associ-
ated vasculitides)

Figure 4. Nodular cutaneous lesions in a patient with granulomatosis with polyangiitis (GPA) 
Elbows are a common location for such skin lesions in granulomatosis with polyangiitis (GPA) 
and eosinophilic granulomatosis with polyangiitis (EGPA).
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		  Microscopic polyangiitis	 Eosinophilic granulomatosis 	 Granulomatosis with 
			   with polyangiitis 	 polyangiitis (Wegener’s 
			   (Churg–Strauss syndrome)	 granulomatosis) 

Clinical manifestations			 

	 Constitutional symptoms (fever, 	 55–80%	 30–50%	 70–100% 
	 arthralgia, myalgia)	

	 Skin	 Purpura (35–60%)	 Purpura, pseudourticarial 	 Purpura (10–50%) 
			   rash (50–70%)	

	 ENT manifestations	 Few patients (2–30%), not specific, 	 Frequent (20–80%): allergic	 Frequent (50–95%): crusting 
		  not destructive, and not 	 rhinitis, sinus polyposis	 rhinitis, destructive sinusitis, 
		  granulomatous	 (not destructive)	 saddle-nose deformity, nasal  
				    septum deformity, otitis media

	 Lung involvement	 Frequent (60–80%): alveolar 	 Frequent (50%): transient	 Frequent (60–80%): lung plain 
		  hemorrhage	 patchy infiltrates, eosinophil 	 and/or excavated nodules,  
			   pleural effusion, rarely nodules	 alveolar hemorrhage, bronchial  
				    and/or subglottic stenosis

	 Asthma	 No	 Yes (approcimately 100%)	 No

	 Kidney involvement	 Very frequent: glomerulonephritis 	 Not frequent: glomerulonephritis	 Frequent: glomerulonephritis 
		  (necrotizing extra-capillary), 80%	 (necrotizing extra-capillary), 	 (necrotizing extra-capillary), 
			   20%	 60–80%

	 Peripheral neuropathy 	 Possible (35%)	 Very frequent (65–75%)	 Possible (25%) 
	 (mononeuritis multiplex) 	

	 Other “classical” manifestations	 Venous thrombosis (7–8%) 	 Cardiac manifestations 	 Eye manifestations (scleritis, 
			   (10–50%; cardiomyopathy), 	 orbital tumor), pachymeningitis,  
			   venous thrombosis (7–8%) 	 venous thrombosis (7–8%) 

Biology		

	 Standard	 Non-specific inflammatory syndrome; 	 Eosinophilia, often >3,000/mm3,	 Non-specific inflammatory 
		  check creatinine and urine analysis 	 Non-specific inflammatory	 syndrome; check creatinine and 
		  (red blood cell casts?)	 syndrome	 urine analysis (red blood cell  
				    casts?)

	 ANCA	 Yes (60–80%): mainly MPO-ANCA 	 Yes (30–40%): mainly	 Yes (90% if systemic disease): 
		  (perinuclear labeling pattern in 	 MPO-ANCA (perinuclear labeling	 mainly PR3-ANCA (cytoplasmic 
		  immunofluorescence)	 pattern in immunofluorescence)	 labeling pattern in  
				    immunofluorescence)

Radiology		

		  Check chest X-ray and/or CT scan for 	 Check chest X-ray and/or CT scan for	 Check chest X-ray and/or CT scan 
		  alveolar hemorrhage (ground-glass 	 labile and transient lung infiltrates	 for alveolar hemorrhage 
		  opacities); other imaging studies 	 (rarely alveolar hemorrhage or nodules);	 (ground-glass opacities), lung 
		  according to clinical presentation	 sinus X-ray and/or CT scan for  	 nodules, excavated or not, and  
			   non-erosive sinusitis, polyps; other	 subglottic and/or bronchial 
			   imaging studies according 	 stenosis; sinus X-ray and/or 
			   to clinical presentation 	 CT scan for erosive sinusitis, 
				    pseudotumor; other imaging 
				    according to clinical presentation

Histology		

		  Necrotizing vasculitis of small-sized 	 Granuloma, including eosinophils	 Granuloma (frequent but not 
		  vessels; no granuloma (rare cases)	 (frequent); necrotizing vasculitis of 	 always); necrotizing vasculitis of 
			   small-sized vessels	 small-sized vessels

ANCA: antineutrophil cytoplasm antibody; CT scan: computerized tomography; ENT: ear, nose, throat; MPO: myeloperoxidase: PR3: proteinase 3

Table 2. Main characteristics of the 3 ANCA-associated vasculitides



Pathogenesis
The precise cause(s) of ANCA-associated vas-
culitides remain(s) unknown. The hypothesis of 
an infectious agent, such as Staphylococcus au-
reus for GPA, (over)activating the immune sys-
tem has been repeatedly suggested; however, 
even if this is implicated, it can barely be suffi-
cient to cause or explain the full-blown disease 
and its multiple facets by itself (42-44). B cells 

possibly play a major role in the pathogenesis 
because they produce ANCAs. Imbalances in 
different T-cell subtypes (Th1, Th2, Th17, regu-
latory CD4+ CD25+ FoxP3+ T cells, etc.) and/
or cytokine–chemokine networks can also 
lead to or at least participate in the rupture of 
tolerance, triggering auto-immunity and/or 
oxidative burst aggressive toward endothelial 
cells. An excessive and abnormally sustained 

antigenic presentation of PR3 and/or MPO 
has also been implicated in patients with GPA 
or MPA through their overexpression on neu-
trophils, genetically determined, as well as on 
endothelial cell membranes and the formation 
of neutrophil extracellular traps (NETs) and mi-
croparticles by neutrophils, which include the 
PR3 and/or MPO molecules (43, 45-47).

The pathogenic role of MPO-ANCAs has been 
supported by animal models by the active 
transfer of MPO-ANCAs and a single case of 
MPA in the newborn of a mother with an-
ti-MPO-ANCAs (passive transplacental transfer) 
(48, 49). Additional experiments demonstrated 
the major importance of neutrophils, neutro-
phil activation pathway, and alternative com-
plement pathway (mainly through C5a) in the 
induction of the MPO-ANCA-induced animal 
model (50, 51). Recent studies showed that 
the blockade of the C5a receptor (C5aR, CD88) 
with oral CCX168 could not only prevent but 
also limit renal disease in this murine mod-
el (18). Based on the promising results of an 
exploratory open-label study on GPA or MPA 
with renal disease, a randomized placebo-con-
trolled trial is now ongoing to further inves-
tigate this C5aR-blocking agent in patients 
with GPA or MPA (Clinicaltrials.gov Identifier: 
NCT02222155).

Conversely, we lack convincing evidence to 
support the pathogenic role of PR3-ANCAs or 
to explain why some patients with biopsy-con-
firmed GPA or MPA have typical clinical mani-
festations despite being ANCA-negative. There 
may be several explanations. First, homology 
between human and murine PR3 is less than 
that for MPO. Hence, animal models are more 
difficult to generate, and complex alterations 
in mice are required before achieving some 
vasculitic changes close to those seen in GPA 
(52-54). Second, only a fraction of ANCAs are 
pathogenic in an individual, i.e., only those 
ANCAs directed toward one or a few specific 
epitope(s) are pathogenic. A recent study of 
MPO-ANCA-positive patients demonstrated 
that only a subset of MPO-ANCAs associated 
more strongly and specifically with disease 
activity than others that were directed toward 
different MPO epitopes (55). Moreover, these 
specific ANCAs, which were directed toward 
the linear amino-acid sequence 447–459 of 
the MPO molecule, were detected in many 
ANCA-negative patients with MPA and cor-
related well with disease activity. When they 
were injected in mice, they triggered the 
development of (proliferative, but not nec-
rotizing) glomerulonephritis. Routine ANCA 
tests do not properly detect these specific 
MPO-epitopes-ANCA447–459 because such tests 

Figure 5. Computerized tomography (CT) scan of sinuses in a patient with granulomatosis with 
polyangiitis (GPA)
(Note the perforated nasal septum and bilateral fulfillment of maxillary sinuses-sinusitis)

Figure 6. Chest computerized tomography (CT) in a patient with granulomatosis with poly-
angiitis (GPA)
(Note the multiple plain lung nodules surrounded by ground glass opacities suggestive of associated peri-nodular alveolar 
hemorrhage)
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are based on total serum. Serum immunoglob-
ulins (Ig) had to be first purified to allow for the 
detection of these specific MPO-epitopes-AN-
CAs447–459 in this study. The authors showed that 
a serum factor (likely a fraction of ceruloplas-

min) indeed bound to these specific MPO-epi-
topes-ANCAs447–459, thereby preventing the 
detection of the most clinically relevant ANCAs 
with routine tests, particularly in ANCA-nega-
tive patients. More recently, a Japanese group 

reported that some MPO-ANCAs reacted with 
moesin, a heparin-binding protein in the plas-
ma membrane of the cellular renal cortex, to 
activate glomerular endothelial cells in SCG/Kj 
mice, which spontaneously develop MPO-AN-
CA-associated renal disease. Such ANCAs with 
anti-moesin specificity can be detected in 
patients with MPO-ANCA-associated vascu-
litis (56). Specific alterations and “maturation” 
of ANCAs may also be necessary for them to 
become pathogenic, including the selection 
of higher-affinity PR3-ANCAs in nasal mucosa 
granulomas or modulation of their sialylation 
levels (57, 58).

Apart from this hypothesis of a few more-patho-
genic subsets of ANCAs, other auto-antibodies 
may be involved. Kain et al. (59, 60) found anti-
lysosome-associated membrane protein 2 anti-
bodies in more than 90% of patients with PR3- as 
well as MPO-ANCA-related glomerulonephritis. 
However, these results were not replicated by 
another group (61). 

Antiendothelial cell antibodies can be detect-
ed in many GPA and MPA patients, but whether 
they can cause vessel lesions or simply occur 
as a consequence of vessel damage remains 
debated (62-64). The precise molecular targets 
of these anti-endothelial cell auto-antibodies 
remain to be better identified. 

Finally, in EGPA, only 30%–40% of the patients 
are ANCA-positive, mainly with perinuclear 
MPO-ANCAs (8). We lack an animal model of 
EGPA, and MPO-ANCA induced murine models 
do not show any of the main features of EGPA 
(i.e., blood eosinophilia, tissue eosinophilic 
granulomas, or obstructive lung disease). Eo-
sinophils possibly play a central and/or addi-
tional role in the development of EGPA directly 
or through their granule degradation products. 
Several cytokine network imbalances may be 
at stake (65, 66). Overall, the pathogenic mech-
anisms of EGPA are much less known than 
those that are implicated in GPA or MPA and 
are probably quite different, at least for AN-
CA-negative EGPA. For this reason, and some 
important clinical and genetic differences, 
whether EGPA should be distinguished more 
clearly from GPA and MPA remains debated, 
thereby removing the concept of ANCA-asso-
ciated vasculitides as a group of three diseases.

Treatment 
Treatment of severe ANCA-associated vascu-
litides comprises two phases: remission induc-
tion therapy based on the combination of glu-
cocorticoids and another immunosuppressive 
agent, and once remission is achieved, mainte-
nance therapy (to maintain remission). Besides 

Figure 7. Chest computerized tomography (CT) in a patient with microscopic polyangiitis (MPA) 
(Note the diffuse ground-glass opacities, which are suggestive of alveolar hemorrhage, with some pseudonodular 
consolidation appearance in the left lung)

Figure 8. Histology of muscle–nerve biopsy in a patient with eosinophilic granulomatosis with 
polyangiitis (EGPA)
(Note the massive vessel wall and perivascular infiltrate by inflammatory cells, mainly eosinophils, the vessel wall 
necrosis, and subsequent vessel lumen occlusion)
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potent therapies used for more than 50 years 
to induce remission such as cyclophospha-
mide, others (biologic agents) have been more 
recently found to be promising or even (for rit-
uximab) as effective as and possibly less toxic 
than cyclophosphamide, at least for the risks 
of infertility and late cancers. However, a few 
patients still experience refractory disease and/
or unrelenting relapses, which underscores the 
continuing need for newer and more effective 
therapies (67). 

Over the past decades, research into therapies 
for ANCA-associated vasculitis has evolved 
from good monocentric studies, although 
small sample-sized or not always generalizable, 
to multicentric national, then continental, and 
now world-wide controlled trials, which can 
thus aim at enrolling more than 250 patients, 
thereby capable of answering more questions 
(13, 68).

Glucocorticoids remain the cornerstone of 
therapy for ANCA-associated vasculitides, but 
efforts are still ongoing to identify potent glu-
cocorticoid-sparing agents. The initial dosage 
of glucocorticoids for patients with active and 
severe disease is usually 1 mg/kg/day pred-
nisone-equivalent, sometimes preceded by 
1 to 3 boluses of methylprednisolone (7.5 to 
15 mg/kg/day) (69). After the first 2–4 weeks 
of treatment, the dose of glucocorticoids is 
reduced by approximately 10% every 1 to 2 
weeks to achieve a half-dose (0.5 mg/kg/d) at 
approximately the third month of treatment. 
In the United States, many centers aim to stop 
glucocorticoids at 6 months (70, 71). The op-
timal schedules and pace for the initial dose 
taper and the duration of low-dose treatment 
with glucocorticoids remain controversial (72, 
73). The PEXIVAS study (13) may help to answer 
the first question about tapering, whereas an-
other international study (TAPIR; Clinicaltrials.
gov Identifier: NCT01940094) may provide 
some evidence for the effectiveness or not of 
prolonged low-dose glucocorticoid use. 

Glucocorticoids can be used alone as first-
line therapy to effectively induce remission in 
patients with non-severe MPA or non-severe 
EGPA (with a five-factor score of 0), on the basis 
of few cohort studies (74, 75). However, more 
than half of these patients eventually require 
the addition of another immunosuppressant 
because of progressive, refractory, or relaps-
ing disease. An ongoing controlled study is 
evaluating the effectiveness of a combination 
of glucocorticoids and azathioprine (vs glu-
cocorticoids and a placebo of azathioprine) 
as first-line treatment for these types of pa-
tients (CHUSPAN2; Clinicaltrials.gov Identifier: 

NCT00647166). Importantly, all GPA patients 
with limited as well as severe forms and those 
with severe MPA or EGPA [with life-threatening 
manifestation(s) or any major organ involve-
ment] must receive a combination of gluco-
corticoids and another immunosuppressant 
(19, 69, 76). 

Cyclophosphamide and rituximab, combined 
with glucocorticoids, are now two possible 
agents for remission induction in patients with 
severe GPA or MPA. They can induce a response 
or remission in >80% of patients. For patients 
with limited GPA, methotrexate (0.3 mg/kg/
week, orally or subcutaneously) can be con-
sidered instead of cyclophosphamide (77) 
because methotrexate is as effective as cyclo-
phosphamide in achieving remission in such 
patients but is associated with a higher sub-
sequent rate of relapse (78). For patients with 
severe EGPA, data are too limited at this time to 
consider rituximab, a potential alternative to cy-
clophosphamide for first-line induction thera-
py, but it could be used for refractory cases (79). 

Cyclophosphamide can be administered as in-
travenous “pulses” (boluses at regular intervals; 
15 mg/kg, with a maximum of 1200 mg/pulse, 
every 14 days for 1 month then every 3 weeks) 
or continuous oral tablets (2 mg/kg/day, with 
a maximum of 200 mg/day) with doses adjust-
ed to patient age and glomerular filtration rate. 
Both routes are equally effective in achieving 
remission, but oral daily cyclophosphamide is 
associated with increased frequency of neutro-
penia (80) and in some (but not all) studies, in-
fections (81). Patients receiving oral cyclophos-
phamide indeed receive a higher cumulative 
dose, which is about 16 g compared with 8 g 
for those receiving the intravenous “pulse” regi-
men for the same 3-month duration. This differ-
ence in cumulative dose may also explain why, 
with a longer follow-up (median, 4.3 years), a 
study comparing pulsed intravenous and con-
tinuous oral routes for induction (followed by 
azathioprine maintenance) showed that oral 
continuous cyclophosphamide use could be 
associated with lower subsequent relapse rate 
(20% instead of 40%) (82). Conversely, the risk 
of infertility and/or late complications (i.e., can-
cers, mainly of the bladder, but also lymphomas 
or skin cancers) is also directly linked with the 
cumulative dose of cyclophosphamide. We lack 
a consensual threshold for the maximum “safe” 
cumulative dose of cyclophosphamide. How-
ever, most cases of cancers in GPA patients ex-
posed to cyclophosphamide occurred in those 
who had received more than 36 g (83). 

Rituximab is a chimeric monoclonal antiCD20 
(B-cell) antibody that has been evaluated in two 

randomized trials (RAVE and RITUXVAS) and sub-
sequently approved in April 2011 by the United 
States Food and Drug Administration, as an al-
ternative to cyclophosphamide to treat severe 
forms of GPA and MPA in adults with a history 
of ANCA positivity and combined with gluco-
corticoids (14, 16). In the two studies, rituximab 
was found not inferior to cyclophosphamide in 
inducing remission at 6 months, with (disap-
pointingly) comparable rates of side effects in-
cluding infections (mainly community-acquired 
upper and lower respiratory-tract infections). 
The doses of rituximab used in these studies 
were 4 infusions of 375 mg/m2 each given at 
1-week intervals. When choosing between rit-
uximab and cyclophosphamide for induction, 
one should consider the patient’s plans for preg-
nancy, particularly for females of childbearing 
age, and comorbidities, apart from the high cost 
of rituximab. Rituximab is clearly indicated for 
patients with contraindications to cyclophos-
phamide and those who have already received 
large cumulative doses of cyclophosphamide 
(>20 or 30 g, but consensus is lacking on the 
threshold dose). According to the RAVE trial 
results, the response to rituximab, compared 
to cyclophsophamide, may be superior in re-
lapsers who are naive of rituximab and possibly 
those PR3-ACAN positive patients (as compared 
to MPO-ANCA positive ones) (14, 15). However, 
no other MPA or GPA patient subsets would 
overly benefit more from one induction agent 
than the other. Studies yielded some conflicting 
results on whether rituximab action would be 
less or slower to achieve an effect for granulo-
matous manifestations in GPA compared with 
its effect for vasculitic manifestations (84). 

Plasma exchange (7 sessions over 2 weeks) 
combined with induction treatment can be 
considered for patients with severe ANCA-as-
sociated vasculitis with active glomerulone-
phritis and/or alveolar hemorrhage, partic-
ularly as a rescue treatment for patients who 
did not respond well and/or rapidly to the 
induction therapy (85). However, the benefit 
of plasma exchange in such patients has not 
been formally studied or demonstrated. A ran-
domized international trial (PEXIVAS) aims at 
determining more clearly whether or not plas-
ma exchange is beneficial in terms of overall 
survival and renal recovery at 3 years (13, 86). 

Following induction with cyclophosphamide, 
patients who achieve clinical remission can be 
switched to a less toxic immunosuppressant 
for maintenance, usually after 3 months to a 
maximum of 6 months of cyclophosphamide 
(11). The maintenance treatment should last at 
least 18–24 months (11). The most commonly 
used maintenance agents are azathioprine (2 
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mg/kg/day, orally) and methotrexate (0.3 mg/
kg/week, orally, intramuscularly, or subcutane-
ously), both equally effective and safe (10, 11). 
In patients with renal insufficiency, methotrex-
ate may accumulate faster and therefore may 
be more hazardous to use. Leflunomide (20 
mg/day, orally) is an option for patients with 
intolerance to azathioprine or methotrexate. 
Mycophenolate mofetil was found to be asso-
ciated with higher relapse rate than azathio-
prine in the European IMPROVE trial (at 4 years, 
55% vs 38% relapses) and thus should be used 
only when no other option is possible (12). As 
for optimal duration of low-dose prednisone, 
the optimal duration of maintenance with 
these other agents remains unknown (87). 
Past studies with maintenance for 1–3 years 
showed that irrespective of the induction and 
maintenance regimen, the relapse rate in GPA 
could still reach 51%–64% at 7 years (10, 11, 
88-90). The preliminary results of the European 
REMAIN trial, which compared 2 vs 4 years of 
maintenance, suggest that the continuation 
of maintenance for 4 years may be associated 
with fewer relapses, in particular for patients 
with persistent ANCA positivity at remission 
(results announced at the 2015 ANCA Work-
shop, London, UK–May 2015).

The maintenance strategy following the rit-
uximab-based induction treatment currently 
lacks consensus. In the RAVE trial, no mainte-
nance therapy was given after the fourth rit-
uximab infusion. The relapse rates were com-
parable at 18 months in the rituximab and 
cyclophosphamide–azathioprine arms, but 
they remained unsatisfactorily high, at approx-
imately 30% (15). Several options are therefore 
possible following rituximab-based induction 
therapy. Some groups suggested that re-treat-
ment with rituximab should be considered 
according to B-cell and/or CD19+ CD20+ 
lymphocyte count monitoring (with a repeat 
full course of four rituximab infusions with 
B-lymphocyte reconstitution and/or ANCA 
reappearance or significant titer increase). In 
one single-center study, such an approach was 
efficient (91). However, the reliability of CD19+ 
B-cell and ANCA monitoring to predict a flare 
has been challenged in several other studies, 
including the RAVE and RITUXVAS trials. Several 
other groups reported their promising experi-
ence with systematic maintenance infusions at 
regular intervals every 6–12 months indepen-
dent of ANCA status or B-cell count and using 
different dosages (92-96). The French Vasculitis 
Study Group MAINRITSAN trial, a prospective 
randomized open-label study to compare 
azathioprine and rituximab (500 mg every 6 
months) for maintenance in GPA or MPA pa-
tients following a glucocorticoid-cyclophos-

phamide-based induction, found a lower rate 
of major relapses with rituximab at 28 months 
(5.3% vs 29.3%)(97). A somewhat similar in-
ternational study (RITAZAREM; Clinicaltrials.
gov Identifier: NCT 01697267) is evaluating 
rituximab, 1000 mg every 4 months (vs aza-
thioprine), for maintenance in relapsing AN-
CA-positive patients with GPA or MPA following 
a glucocorticoid–rituximab-based induction. 
Because none of these rituximab-based main-
tenance options have been validated and/or 
officially approved yet, the remaining choices 
following rituximab-based induction are, in 
practice, to retreat (with rituximab) only for 
clinical relapse or to give a conventional main-
tenance immunosuppressive agent such as 
azathioprine or methotrexate (92, 98). 

Other or additional (“on-top-of”) agents might 
further improve the rate of sustained remis-
sion and limit the risk of subsequent relapses. 
Cotrimoxazole (trimethoprim–sulfamethoxaz-
ole) cannot substitute for immunosuppressive 
treatment (99), but given at a high dose (320 
mg/day trimethoprim, 1600 mg/day sulfa-
methoxazole) and combined with the usual 
treatments of GPA, it could further reduce 
the rate of localized ENT relapse by 40% at 1 
year, regardless of the presence or absence 
of S. aureus on nasal swabs (100). Importantly, 
cotrimoxazole must also be prescribed but at 
a lower dose (160 mg trimethoprim and 800 
mg sulfamethoxazole, 3 days/week) for pro-
phylaxis against Pneumocystis jiroveci pneu-
monia in patients who are receiving induction 
therapy with cyclophosphamide or rituximab 
and for several months after their discontin-
uation (69). Patients allergic to cotrimoxazole 
should be given alternative prophylaxis with 
oral dapsone (100 mg/day, in the absence of 
glucose-6-phosphate dehydrogenase deficit) 
or atovaquone (1500 mg/day) (101). Etaner-
cept in addition to conventional treatment 
has been investigated in GPA, but its use was 
found to be associated with increased oc-
currence of malignancies (102). Since then, 
antitumor necrosis factor agents have rarely 
been used to treat ANCA-associated vasculitis, 
except for some refractory cases and as a last 
choice. Belimumab, a monoclonal antibody di-
rected against B-lymphocyte stimulator/B-cell 
activating factor (BLyS/BAFF) combined with 
conventional maintenance agents (azathio-
prine or methotrexate; BREVAS, Clinicaltrials.
gov Identifier: NCT01663623) is under investi-
gation.  As mentioned above, a placebo-con-
trolled trial is ongoing to evaluate the addition 
of CCX168, a new oral C5aR-blocking agent, 
to standard induction treatments (glucocor-
ticoids and rituximab or cyclophosphamide) 
for remission induction in patients with sys-

temic GPA or MPA (Clinicaltrials.gov Identifier: 
NCT02222155). 

Treatment of multi-relapsing or refractory dis-
ease, with or without some complex manifes-
tations, such as subglottic and tracheobronchi-
al stenoses, orbital tumor, or pachymeningitis, 
goes beyond the scope of this review article. 
Such diseases should ideally be managed in 
reference centers with expertise in vasculitis. 
Studies are ongoing for these patient popu-
lations, including those with rituximab or aba-
tacept (for limited relapsing GPA; ABROGATE, 
Clinicaltrials.gov Identifier: NCT02108860).

Treatment for EGPA is at present not very differ-
ent from that for MPA. Non-severe forms are of-
ten easily controlled with glucocorticoids first, 
but more than half the patients will become 
glucocorticoid-dependent and will relapse 
and/or will need to continue glucocorticoids 
because of asthma or sinusitis. Patients with 
severe EGPA, particularly those with cardiomy-
opathy, need more aggressive treatment with 
a combination of glucocorticoids and cyclo-
phosphamide. However, more than half the 
patients will need to continue glucocorticoids 
because of persistent asthma or sinusitis. Data 
are limited for rituximab, but its use can be con-
sidered in refractory and/or relapsing cases (79, 
103). A randomized-controlled study from the 
French vasculitis study group should start soon 
to further determine its place in the therapeu-
tic armamentarium for EGPA. Anti-interleukin 5 
(IL-5) monoclonal antibodies (mepolizumab) 
are also under investigation for relapsing and/
or glucocorticoid-dependent EGPA patients 
(Clinicaltrials.gov Identifier: NCT02020889) af-
ter two small open-label studies showed some 
promising results (104). 

Conclusion
Although the real cause(s) of ANCA-associated 
vasculitides remain(s) unknown and we still 
lack a definitive cure, major advances have 
been achieved over the past decade in the 
understanding and treatment of these diseas-
es. The pathogenic mechanisms are multiple 
but are better understood, and new potential 
targets for therapy, such as the C5a receptor 
antagonist for GPA and MPA, are continually 
being identified. The detection of ANCA sub-
sets directed against specific MPO epitopes 
that correlate better with disease activity and 
can be found in many patients who were pre-
viously considered ANCA-negative, through 
methods different from those used in routine 
practice, may also change our practice. A good 
biological marker to assess disease activity and 
predict flares might finally be found, at least 
for MPO-ANCA-positive patients. Evidence for 
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the pathogenic role of PR3-ANCA-associated 
disease remains weaker than for MPO-AN-
CA-associated disease, and whether similar 
epitope-specific and possibly more pathogen-
ic PR3-ANCA subsets can be detected will be 
interesting. Obviously, many differences exist 
between each of the three main ANCA-asso-
ciated vasculitides, first clinically, then biologi-
cally (ANCA status) and as recently confirmed, 
genetically (stronger genetic association by 
ANCA type than clinical diagnosis). Howev-
er, at present, treatment for GPA and MPA (or 
PR3- and MPO-ANCA-associated vasculitides) 
remains globally the same with the same 
drugs. Whether all these differences between 
ANCA-associated vasculitides will eventually 
affect how we treat them first need to be inves-
tigated. The optimal duration of glucocorticoid 
and maintenance treatments could perhaps 
also be tailored to each patient’s disease char-
acteristics. 

Remaining questions that researchers in the 
vasculitis field are currently seeking to answer 
include how to treat patients with very severe 
disease (early mortality rate remains around 10% 
for patients with severe GPA or MPA), with diffi-
cult-to-treat and/or refractory manifestations 
(e.g., subglottic stenosis, orbital tumors) and/or 
continually relapsing disease. Other questions 
of importance are how to further decrease the 
damage associated with the disease (end-stage 
renal disease, peripheral nerve damage, sad-
dle-nose deformity in GPA) or its treatments 
and how to best treat associated non-vasculitic 
manifestations such as asthma in EGPA. 
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