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Abstract

Background: Pauci-immune glomerulonephritis is the most
common cause of aggressive glomerulonephritis and occurs
asarenal-limited disease or as a component of systemic nec-
rotizing small-vessel vasculitis. It is characterized by paucity
of staining for immunoglobulins, by immunofluorescence
along with fibrinoid necrosis and crescent formation by light
microscopy, while the vast majority of patients have anti-
neutrophil cytoplasmic antibodies (ANCA) in their circula-
tion, which also participate in the pathogenesis of the dis-
ease. Summary: Pauci-immune glomerulonephritis often
manifests with rapidly deteriorating kidney function, which
may be accompanied by distinctive clinical features of sys-
temic necrotizing small-vessel vasculitis of one the following
clinical phenotypes: microscopic polyangiitis, granulomato-
sis with polyangiitis or eosinophilic granulomatosis with
polyangiitis. These are associated with a wide spectrum of
vasculitic manifestations in different organ systems at clini-
cal presentation and during the course of the disease. ANCA
specificity is associated with distinct clinical syndromes and
different prognostic profiles among patients. The key ele-
ment of the management of patients with pauci-immune
glomerulonephritis, with or without systemic vasculitis, is

the clinical acumen, which results in timely diagnosis. Speed
in diagnosis is crucial for the quick institution of immuno-
suppressive therapy aimed at removing circulating autoan-
tibodies and quelling the inflammatory process. Key Mes-
sages: The introduction of ANCA testing in routine clinical
practice has increased the ability of disease suspicion and
recognition, resulting in earlier establishment of diagnosis
by seeking a tissue confirmation of pauci-immune vasculitis.
ANCA specificity is associated with distinct clinical syn-
dromes and different prognostic profiles among patients.
The management of patients with ANCA glomerulonephritis
and/or vasculitis includes two major elements: prompt diag-
nosis and institution ofimmunosuppressive therapy to avoid
irreversible kidney damage or death, and consideration of
the predictors, which are associated with relapsing disease
for planning of therapy in the long term. Facts from East and
West: Treatment options for ANCA-associated vasculitis are
shared between the East and West, with corticosteroid com-
bined with cyclophosphamide being the standard regimen
for inductive therapy and switching to azathioprine after re-
mission. The major cause of death in treated patients is infec-
tion related to immunosuppressive therapy within the first
year after diagnosis, and this rate might be higher in China
than in Western countries. Western studies demonstrated

For the prevalence and management of anti-neutrophil cytoplasmic
antibody-associated vasculitis in China, see Li et al., Kidney Dis 2015;
1:216-223.
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the efficacy and safety of rituximab for induction of remis-
sion in cases with relatively mild disease and maintenance
therapy, but this agent is rarely used in China.

©2015 S. Karger AG, Basel

Introduction

Pauci-immune glomerulonephritis, which is charac-
terized by the paucity of staining for immunoglobulins, is
the most common cause of crescentic glomerulonephritis
(i.e. with 50% or more glomeruli being involved with
crescents) and may occur as a renal-limited disease or as
a component of systemic necrotizing small-vessel vascu-
litis [1]. The systemic vasculitides that may be accompa-
nied by pauci-immune crescentic glomerulonephritis in-
clude microscopic polyangiitis (MPA), granulomatosis
with polyangiitis (GPA) and eosinophilic GPA (EGPA)
[2]. The vast majority (85-90%) of patients with active
untreated pauci-immune crescentic glomerulonephritis
and vasculitis are positive for anti-neutrophil cytoplasmic
antibodies (ANCA) [1], and therefore, it is called ANCA-
associated vasculitis (AAV). Distinct clinical syndromes
and disease profiles have been associated with each ANCA
type.

This review will focus on the prevalence of pauci-im-
mune glomerulonephritis and vasculitides in Western
countries and the current therapeutic options for these
diseases. Recent advances in the understanding of corre-
lations between laboratory, serological and clinical prog-
nostic parameters, as well as related therapies will be also
discussed.

Epidemiology

Pauci-immune crescentic glomerulonephritis is the
most common cause of aggressive glomerulonephritis
[3-5] and it is more frequent in older patients, with equal
distribution between genders [5-7]. The incidence of
pauci-immune glomerulonephritis, with or without
small-vessel vasculitis, in the United States has been
found to be 3.1 cases/million/year, with rates being sig-
nificantly higher for Caucasians, males and individuals
older than 65 years, while 95% of cases were ANCA-pos-
itive at the time of biopsy [6, 8]. In the European popula-
tion, the incidence is reported to be 1-2 cases in 100,000
[7, 9], with an increasing trend in recent years up to 2000
[10], which may be a consequence of an actual increase in
disease frequency, increased awareness among physi-
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cians, and better ability of disease recognition through the
introduction of ANCA testing. However, since the inci-
dence has been stable since the early 2000s, it is most like-
ly that increased physician awareness following the intro-
duction of ANCA testing in routine clinical practice is the
most likely reason [11]. Moreover, the incidence of GPA
is higher than that of MPA in Northern Europe, while
MPA is predominant among cases of AAV in Southern
Europe [11-13].

The prevalence of AAV has been estimated to be 46—
184 cases/million [11], with the rate having increased
during the last two decades. The main explanation for this
phenomenon is probably the fact that patient survival has
improved significantly during this period as treatment
options are more effective and physicians have a higher
level of suspicion of the disease. Genetic factors defini-
tively play a role, as has been shown from studies which
underline the fact that AAV is relatively rare in non-Cau-
casian populations [11]. A study in a multi-ethnic co-
hort of patients from the University of North Carolina at
Chapel Hill (USA) showed that GPA is quite uncommon
in African Americans [14]. Interestingly, the investiga-
tors showed that the HLA-DRB1*15 allele is a risk factor
for PR3-ANCA disease in African Americans [14]. It is
probable that there is a global variation of the HLA-
DRB1*15 allele, which is also reflected in the variation of
clinical phenotypes of the disease across different geo-
graphical areas. Another study, which directly compared
two ethnically different populations — white Caucasians
from the UK and Japanese — showed that although the
incidence rate overall was comparable, GPA and PR3-
ANCA vasculitis were much less common in Japan than
in Europe [11].

Pathology

Renal Pathology

The hallmark histological lesions of acute pauci-im-
mune glomerulonephritis are crescents and fibrinoid ne-
crosis (fig. 1) occurring with the same frequency, irre-
spective of the presence or absence of associated vasculitis
[1]. The severity of acute lesions ranges from focal seg-
mental fibrinoid necrosis affecting <10% of glomeruli to
severe diffuse necrotizing and crescentic glomerulone-
phritis, which may injure all glomeruli [1] (fig. 2). The
extent of crescent formation does not differ between pa-
tients with PR3-ANCA or MPO-ANCA [4]. Breaks in
Bowman’s capsule are common [15]. Periglomerular
granulomatous inflammation may occur but is not spe-
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Fig. 1. Glomerulus from a patient with PR3-ANCA pauci-immune
crescentic glomerulonephritis showing remarkable fibrinoid ne-
crosis surrounded by crescent formation. H&E, x400.

cific for the pauci-immune glomerulonephritis [1]. Al-
though ANCA glomerulonephritis is usually pauci-im-
mune, immunofluorescence microscopy may reveal alow
level of staining (<2 on a 0-4 scale) [1, 16]. In many pa-
tients, there is evidence for antecedent glomerular or tu-
bulointerstitial injury manifest by glomerular sclerosis,
fibrocellular crescents and interstitial fibrosis. These le-
sions may be in various stages of acute inflammation or
resolution, especially in light of the relapsing and remit-
ting nature of these disorders. Occasionally, vascular in-
flammation of the vasa recta resulting in a picture that is
predominantly that of an interstitial nephritis may be
found [1].

Extra-Renal Pathology

The pathological features of the necrotizing vasculitis
lesions of MPA, GPA and EGPA are the same in other
organs as they are in the kidney. For instance, leukocyto-
clastic angiitis affecting the vasa recta resembles that in
dermal venules, the necrotizing capillaritis in glomeruli is
analogous to that in alveolar capillaries, and the necrotiz-
ing arteriolitis and arteritis in arteries within the kidney
is histologically identical to the necrotizing arteriolitis
and arteritis elsewhere in the body, such as perineural ar-
teritis causing peripheral neuropathy, gastrointestinal ar-
teritis causing focal ulceration and hemorrhage and skel-
etal muscle arteritis causing myalgias [1]. However, by
definition pauci-immune vasculitis requires a paucity of
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Fig. 2. Glomerulus from a patient with MPO-ANCA pauci-im-
mune crescentic glomerulonephritis stained with Masson tri-
chrome showing well-formed cellular crescent and segmental fi-
brinoid necrosis that stained red with the Masson trichrome stain.

staining for immunoglobulin (i.e. <2 on a 0-4 scale) [1].
Therefore, in the absence of renal involvement, the diag-
nosis of ANCA vasculitis should be confirmed by tissue
biopsy, at any site of active disease in any organ. How-
ever, immunosuppressive treatment should be started
empirically if the clinical suspicion of ANCA vasculitis is
high and a tissue diagnosis cannot be obtained in a time-
ly manner [6]. Among patients with MPA the typical his-
tological lesion in the lungs is pulmonary capillaritis,
while among patients with GPA, granulomatous inflam-
mation may be seen. Necrotizing granulomatous inflam-
mation most often affects the upper and lower respira-
tory tract but may occur anywhere, such as in the dermis
and subcutaneous tissue. Granulomas are characterized
histologically by an irregular central zone of necrosis that
may have an amphophilic or bluish hue because of finely
dispersed nuclear debris [1]. Epithelioid macrophages
may be numerous although they do not have the compact
arrangement seen in other occasions such as sarcoidosis
[1]. More chronic lesions have extensive fibroblastic pro-
liferation and ultimately evolve into dense fibrotic scars.
Nevertheless, for any specimen with necrotizing granulo-
matous inflammation, major non-vasculitic differential
diagnostic considerations, including mycobacterial and
fungal infections, should be made and ruled out [1]. Thus,
several sites of extra-renal involvement may be used to
obtain a tissue biopsy, such as the skin, the lung or the
nose. A lung biopsy most often requires an open or tho-
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racoscopic lung procedure. In a small proportion of pa-
tients, sufficient tissue for diagnosis can be obtained by
transbronchial biopsy of the lung; however, the absence
of granulomatous vasculitis on transbronchial specimens
should not be considered adequate evidence to exclude
the diagnosis of GPA [17]. A nasal biopsy, on the other
hand, although relatively easy and non-invasive, is lim-
ited by the high rate of false-negative results, since the
amount of tissue that can be removed is small. A positive
lung biopsy establishes the diagnosis in such cases and
from one view precludes the need for a kidney biopsy in
many cases; however, a renal biopsy is still indicated in
patients who are initially diagnosed by lung biopsy, espe-
cially if they experience a rapidly progressive course of
renal dysfunction, in order to assess long-term prognosis
and plan immunosuppressive therapy accordingly.

The Role of ANCA in Disease Recognition and
Pathogenesis

ANCA are antibodies specific for proteins in the cyto-
plasmic granules of neutrophils and the lysosomes of
monocytes. They were first reported by Davies et al. [18],
while in 1988, it was demonstrated that the vast majority
of patients with pauci-immune crescentic glomerulone-
phritis have ANCA in their circulation, including pa-
tients with or without systemic vasculitis [19]. Two major
specificities for ANCA are distinguished on the basis of
cytoplasmic (cANCA) or perinuclear (pANCA) ANCA
staining by indirect immunofluorescence microscopy
and by enzyme immunoassay demonstrating anti-myelo-
peroxidase (MPO-ANCA) and anti-proteinase 3 (PR3-
ANCA). Approximately 90% of cytoplasmic ANCA are
PR3-ANCA, and approximately 90% of perinuclear
ANCA are MPO-ANCA. Patients with GPA usually have
cANCA (PR3-ANCA), patients with MPA have slightly
more pANCA (MPO-ANCA), and patients with EGPA
and renal-limited AAV have predominantly pANCA
(MPO-ANCA) [1]. More importantly, ANCA specificity
was shown to be strongly associated with organ involve-
ment and distinct clinical pictures of pauci-immune vas-
culitis. Specifically, patients with kidney-limited disease
or any form of vasculitis without radiological or histo-
logical proof of granulomatous inflammation were more
likely to have MPO-ANCA, and those with evidence for
necrotizing granulomatous inflammation were most like-
ly to have PR3-ANCA. In a study of 523 patients the
majority of those with kidney-limited disease had MPO-
ANCA (81%), while almost all patients with bone de-
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struction or saddle nose deformity had PR3-ANCA (94%)
[20]. The association between PR3-ANCA or MPO-
ANCA and the anatomic site of vasculitic involvement
and/or the presence of granulomatous inflammation was
strong and impressive. When vasculitis expanded from
the kidneys to involve the gastrointestinal or the respira-
tory tract, MPO-ANCA was less frequent and PR3-
ANCA was increased. Moreover, among 52 patients with
histological proof of granulomatous inflammation at any
site in our cohort, 79% had PR3-ANCA and 21% had
MPO-ANCA. Therefore, the principle that diseases asso-
ciated with MPO-ANCA and PR3-ANCA are clinically
distinct is proven essential to the categorization of ANCA
small-vessel vasculitis based on antibody specificity [20].

In accordance with this observation, a genome-wide
association study confirmed that the pathogenesis of
AAV has a genetic component, showing genetic distinc-
tions between GPA and MPA, which are associated with
ANCA specificity, indicating that the response against
the autoantigen PR3 is a central pathogenic feature of PR3
AAV [21].

A certain pathogenic role of ANCA has been demon-
strated by a large number of in vitro studies, which reveal
that both PR3-ANCA and MPO-ANCA IgG activate neu-
trophils that then release mediators of acute inflamma-
tion [22-25]. Neutrophils activated by ANCA IgG can kill
cultured endothelial cells under certain conditions. It has
also been shown that activation of neutrophils by ANCA
causes integrin and cytokine receptor mediated adher-
ence to cultured endothelial cells and transmigration
across the endothelial layer [26], as well as a conforma-
tional change in f integrins which enhances ligand bind-
ing. Unregulated adhesion molecules in glomerular le-
sions of renal biopsy specimens from patients with AAV
support their role in the interaction of ANCA-activated
neutrophils with vessels [27].

However, the most compelling evidence that ANCA
are pathogenic comes from in vivo studies and specifi-
cally from a mouse model in which passive transfer of
anti-MPO IgG (MPO-ANCA) or anti-MPO lymphocytes
led to induction of glomerulonephritis. Xiao et al. [28]
developed a model in which intravenous administration
of anti-MPO IgG into either immune-competent mice or
Rag2-/- mice that have no functioning T or B cells causes
pauci-immune crescentic glomerulonephritis and small-
vessel vasculitis, remarkably similar to human disease.
Within 6 days of the intravenous injection, all mice de-
velop glomerular lesions while some develop systemic
vasculitis, including leukocytoclastic angiitis, necrotizing
arteritis, pulmonary capillaritis and necrotizing granulo-

Kidney Dis 2015;1:224-234
DOI: 10.1159/000442062

227


http://dx.doi.org/10.1159%2F000442062

matosis inflammation [28-31]. Similarly, severe crescen-
tic glomerulonephritis and systemic vasculitis can be in-
duced by passive transfer of splenocytes from MPO-/-
mice that have been immunized with murine MPO. The
renal injury in this model is exacerbated by stimulation
with lipopolysaccharide [30] and appears to be depen-
dent on an intact alternative complement pathway and
the presence of neutrophils [32]. Another model pro-
duced focal segmental pauci-immune glomerulonephri-
tis and focal pulmonary capillaritis in rats by immuniza-
tion with human MPO, which induced anti-MPO anti-
bodies that cross-react with human and rat MPO [33].

Interestingly, there are patients with clear clinical and
histopathological evidence of small-vessel vasculitis and/
or pauci-immune necrotizing and crescentic glomerulo-
nephritis with repetitively negative serology for ANCA.
This issue is important basically because the negative se-
rology often causes delays in establishing the diagnosis
and initiating appropriate immunosuppressive treat-
ment. To address this issue, a multicenter study recently
reported the development of a novel assay to identify the
specific target epitopes for ANCA [34]. This methodol-
ogy led to the discovery of MPO-ANCA in patients with
ANCA-negative disease that reacted against a sole linear
sequence. Autoantibodies against this epitope had patho-
genic properties, as demonstrated by their capacity to ac-
tivate neutrophils in vitro and to induce nephritis in mice.
The confounder for the serological detection of these au-
toantibodies was the presence of a fragment of cerulo-
plasmin in serum, which was eliminated in purified IgG,
allowing detection. These findings implicate immuno-
dominant epitopes in the pathology of AAV and suggest
that autoantibody diversity may be common to other au-
toimmune diseases [34].

Clinical Presentation of Renal Disease

Patients with pauci-immune glomerulonephritis may
present with different clinical pictures starting from
asymptomatic hematuria to more severe forms of glo-
merulonephritis such as rapidly progressive glomerulo-
nephritis. Typically, they have active urine sediment and
acutely elevated serum creatinine with microscopic urine
analysis characteristically demonstrating dysmorphic
erythrocyturia, with or without red cell casts and protein-
uria. In a prospective study of 70 patients with pauci-im-
mune glomerulonephritis followed for 24 months, hema-
turia was a common finding as was proteinuria, with a
mean protein excretion of 2.5 g/24 h and a mean entry
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serum creatinine of 5.5 + 4.1 mg/dl. Of these patients,
24.3% required dialysis at onset or during follow-up [35].
General symptoms including low-grade fever, fatigue,
weight loss, myalgias and arthralgias often precede the
actual presentation of the disease [35, 36]. The vast ma-
jority of patients (94%) reported a prodromal ‘flu-like’
illness preceding the overt vasculitic syndrome [35]. Ap-
proximately 75% of patients with pauci-immune glomer-
ulonephritis have manifestations of systemic small-vessel
vasculitis at presentation [37] or develop them over time
[38]. Clinical or pathological evidence of renal disease is
seen in approximately 90% of patients with MPA, 80% of
patients with GPA and 45% of patients with EGPA [39-
45]. The distribution of clinical phenotypes of AAV in a
cohort of 350 ANCA-positive patients with pauci-im-
mune crescentic glomerulonephritis was 58% for MPA,
25% for renal limited disease and 17% for GPA [8]. MPA,
GPA and EGPA share certain clinical features, but each
also has distinctive characteristics [39-43, 46, 47].

Spectrum of Extra-Renal Vasculitic Manifestations

Upper respiratory tract disease, in different forms and
degrees of severity, is present in 90% of patients with GPA
[36,41].Itincludes nasal crusting and obstruction, bloody
nasal discharge or epistaxis-related nasal mucosa ulcer-
ation, sinus pain with associated drainage and otitis me-
dia; hearing loss may be seen. Involvement of the vessels
supplying the cartilage may lead to septal perforation or
destructive bone disease with or without granulomas in-
vading the anatomy in patients with GPA. Saddle nose
deformation due to collapse of the nasal structure and
facial paralysis due to facial nerve entrapment may occur,
but the inflammation of the trachea, often in the subglot-
tic region, is the most dangerous condition, resulting in
airway stenosis. However, subglottic stenosis and de-
struction in the sinonasal anatomy represent exclusive
manifestations of the GPA phenotype.

Pulmonary involvement, on the other hand, may pre-
sent as necrotizing granulomatous inflammation or al-
veolar capillaritis and is typically demonstrated on radio-
graphic studies as nodular opacities or alveolar infiltrates.
Pulmonary nodules may cavitate, thus making disease
management highly problematic in the setting of super-
imposed infections. Capillaritis, arteritis and granuloma-
tous inflammation may cause hemoptysis or massive pul-
monary hemorrhage, life-threatening conditions which
require immediate induction therapy. In a cohort of 70
patients with biopsy-proven pauci-immune glomerulo-
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nephritis, 53% were found to have pulmonary disease
manifested as hemoptysis or massive pulmonary hemor-
rhage that rapidly became fatal in half of the cases [35].
Cutaneous involvement with palpable purpura and
nodules occurs in as many as 25% of patients. Other skin
lesions include erythematous macular lesions, papules,
infarcts and necrotic ulcers. Vasculitic lesions in the mu-
cous membranes appear as aphthous stomatitis or oral
ulceration. Ophthalmologic manifestations include con-
junctivitis, episcleritis, blepharitis, keratitis, acute visual
loss or orbital mass. Approximately 30% of patients re-
port symptoms of abdominal pain, gastritis, ischemic
colitis or pancreatitis due to involvement of the vessels in
the abdominal organs. Occasional infarction of the bowel
with viscus perforation and polymicrobial sepsis may re-
sult in life-threatening phenomena. Cranial nerve palsy,
sensory peripheral neuropathy or mononeuritis multi-
plex may be seen. Peripheral neuropathy caused by vas-
culitis in epineural arterioles and arteries occurs in ap-
proximately 30% of patients. Vessels in the central ner-
vous system can also be affected, leading to sudden onset
of seizures, cerebrovascular events and cognitive disor-
ders. Deep vein thrombosis may also occur more fre-
quently among patients with AAV in comparison with
the general population, or other autoimmune disor-
ders [48]. Interestingly, anti-plasminogen autoantibod-
ies have been identified in patients with PR3-ANCA
glomerulonephritis as a result of utilization of a peptide
coded by the anti-sense RNA of the PRTN3 gene [49].
EGPA represents a somewhat different disease mani-
fested by asthma, eosinophilia and granulomatous inflam-
mation in the lung. ANCA are positive in 70% of patients,
most commonly MPO-ANCA [40], and eosinophilia
>10% in the peripheral blood is found. Coronary arteritis
and myocarditis are the main causes of morbidity and
mortality, accounting for 50% of deaths. Renal disease is
much less frequent and less severe in this disease category,
in contrast with neuropathy and cardiac disease, which
are more common. However, recent advances in EGPA
suggest that the majority of patients who are ANCA-pos-
itive also have glomerulonephritis, while those lacking
ANCA are more likely to have cardiac disease [50].

Response to Immunosuppressive Therapy and
Long-Term Outcomes

Immunosuppressive therapy in AAV aims at induc-
tion of remission, defined as stabilization or improve-
ment of kidney function, resolution of hematuria and all
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other organ-specific vasculitic manifestations [51]. Inad-
equate or no response to therapy is considered treatment
resistance, defined as a progressive decline in kidney
function, with persistent active urine sediment, or per-
sistence, or new appearance of any extra-renal mani-
festations of vasculitis, despite immunosuppressive treat-
ment. There are also patients who initially responded to
therapy in a manner that let them escape life-threatening
or advanced organ damage, yet never achieved complete
obliteration of the pathogenic process, maintaining a low
grade of persistent ‘grumbling disease’. Patients achiev-
ing remission, either complete (off immunosuppressive
therapy) or on therapy, may or may not experience one
or more relapses afterwards. These are manifested as vas-
culitic signs or symptoms in any organ system, although
relapses tend to affect the same organ systems as on initial
presentation, with new organ involvement reported only
in 23% of patients [51].

Inductive Therapy

The gold standard of treatment in AAV is the combi-
nation of corticosteroids with the cytotoxic agent cyclo-
phosphamide [6, 41, 47, 52], given as intravenous pulses
of methylprednisolone (7 mg/kg body weight for 3 con-
secutive days), followed by oral prednisone (1 mg/kg
body weight for the first 4 weeks), reduced in a gradual
and personalized manner over the next 3-5 months. Cy-
clophosphamide is given either monthly, intravenously
starting at a dose of 0.5 g/m? of body surface area, subse-
quently increased up to 1 g/m? of body surface area, or
orally at an initial dose of 2 mg/kg of body weight/day,
always adjusted on the basis of the patient’s leukocyte
count and the current glomerular filtration rate. The du-
ration of therapy with cyclophosphamide is usually 6-12
months, depending on the patient’s initial response [35,
51]. Both oral and intravenous administrations of cyclo-
phosphamide have been proven equally potent inductors
of remission [35, 53] in AAV, but its cumulative dose is
significantly lower in parenteral administration. A multi-
variate analysis showed superior remission rates for the
intravenous regimen without significantly higher relapse
rates [53]. Yet, another study with a retrospective design
[54] showed that treatment with pulse cyclophosphamide
is associated with a higher relapse risk than the oral regi-
men, but this was not associated with increased frequen-
cy of end-stage renal disease (ESRD), mortality or long-
term morbidity [54].
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Rituximab, a chimeric monoclonal antibody directed
against the CD20 antigen of B lymphocytes, has also been
used in the inductive treatment of AAV, either in combi-
nation with steroids or with cyclophosphamide and ste-
roids [55, 56]. Jones et al. [55] compared rituximab with
cyclophosphamide, as induction therapy, in patients with
newly diagnosed AAV and renal involvement, to a stan-
dard glucocorticoid regimen plus either rituximab with
two intravenous cyclophosphamide pulses, or intrave-
nous cyclophosphamide for 3-6 months followed by aza-
thioprine. The rituximab-based regimen was not inferior
to standard intravenous cyclophosphamide, as sustained
remission rates were high in both groups, but also the
rituximab-based regimen was not associated with reduc-
tions in early severe adverse events. The second study,
which enrolled 197 ANCA-positive patients with either
GPA or MPA and relatively mild disease compared treat-
ment with rituximab to treatment with oral cyclophos-
phamide for remission induction. The rituximab-based
regimen was shown to be more efficacious than the cyclo-
phosphamide-based regimen for inducing remission in
patients with relapsing disease [56].

There are two clear indications which justify addition
of plasma exchange in the inductive phase of treatment
in AAV: pulmonary hemorrhage and severe renal dys-
function at clinical presentation (serum creatinine >500
pmol/l). Pulmonary hemorrhage, either as isolated capil-
laritis or as part of the pulmonary renal syndrome, is fre-
quently a life-threatening condition leading to high mor-
tality rates [51]. A retrospective study [57] showed that
prompt institution of plasma exchange in addition to im-
munosuppressive therapy is 100% life-saving for these
patients with pauci-immune glomerulonephritis and dif-
fuse pulmonary hemorrhage when compared to 50% his-
torical controls. A randomized trial of 137 patients with-
in the European Vasculitis Study Group (EUVAS) with
ANCA glomerulonephritis showed a clear benefit of add-
ing plasmapheresis to the standard treatment in patients
whose serum creatinine was >500 umol/l. It was associ-
ated with a reduction in the risk for progression to ESRD
of 24% at 12 months. Plasmapheresis was also shown to
be a positive predictor of dialysis independence at 1 year
in patients with renal failure [58].

Aggressive immunosuppressive therapy is justified by
the poor patient and renal survival rates in untreated pa-
tients with AAV [41], but toxicity related to therapy is still
remarkable. Glucocorticoid therapy is associated with os-
teoporosis, glucose intolerance and changes in body hab-
itus in the long term, while life-threatening infections oc-
cur mainly in the acute phase. The incidence of severe
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infections is increased from 10% to 20% with the addition
of cyclophosphamide. The major adverse effects of cy-
clophosphamide include myelosuppression and hemor-
rhagic cystitis occurring in 10% of patients. The bladder
cancer rate has been estimated at 5% in 10 years and at
16% in 15 years in patients treated with long-term oral
cyclophosphamide. Myelodysplasia, lymphoma, skin
cancer and gonadal dysfunction are also associated with
cyclophosphamide therapy [59]. In order to reduce uro-
toxicity, certain prophylactic measures have been shown
to be helpful, such as sufficient hydration and administra-
tion of 2-mercaptoethanesulfonate.

Maintenance Therapy

Long-standing clinical experience has shown that the
disease course varies substantially among patients after
achieving remission [6, 8]. Relapse may occur in 30-
50% of patients achieving remission after the comple-
tion of induction therapy. The majority of patients
achieve remission, either as a sustained long-term re-
mission, or with one or more relapses occurring over
time, while others are prone to persistent, low-grade ac-
tivity [8, 41]. More importantly, evaluation of outcomes
in patients in whom immunosuppressive therapy was
stopped after they attained remission showed a similar
rate of relapse compared with patients who remained on
treatment for longer periods [8]. In the light of irrevers-
ible side effects from therapy and relapse rates being
comparable between long-term-treated and untreated
responders [8], the decision regarding optimal duration
of therapy must be made on an individualized basis. In
this regard, maintenance treatment is legitimate for pa-
tients who have a high rate of relapse, who have had a
relapse already, or those who maintain some disease ac-
tivity despite full treatment. Recognition of those pa-
tients in whom it is safe to discontinue therapy with
careful follow-up versus those who require remission
maintenance therapy is a clinical conundrum [8]. A
practical approach for clinicians is to use predictors of
relapse in order to be able to distinguish those patients
who are at increased risk of relapse. Predictors of relapse
among responders in AAV have been shown to be PR3-
ANCA seropositivity [20] as well as pulmonary and ear/
nose/throat involvement, each associated with an ap-
proximately 2.0-fold increase in risk for relapse. Impor-
tantly, Hogan et al. [8] showed that relapses occurred in
26% of patients with none of the above risk factors ver-
sus 73% of patients with all of them.
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In order to maintain sustained remission it has been
proven that conversion from cyclophosphamide to aza-
thioprine at a dose of 2 mg/kg of body weight/day is a safe
and less toxic choice [9]. Moreover, an open-label ran-
domized controlled trial conducted in 156 patients from
42 centers in 11 European countries showed that myco-
phenolate mofetil was less effective than azathioprine for
maintaining disease remission, while both treatments
had similar adverse event rates [60]. Employment of
rituximab for the maintenance of remission in patients
with AAV was tested in a study of 115 patients with GPA,
MPA or renal-limited AAV in complete remission after a
cyclophosphamide-glucocorticoid regimen [61]. Patients
were randomly assigned to receive either 500 mg of ritux-
imab on days 0 and 14 and at months 6, 12 and 18 after
study entry or daily azathioprine until month 22. More
patients with AAV had sustained remission at month 28
with rituximab than with azathioprine while the frequen-
cies of severe adverse events were similar in the two
groups [61]. Finally, the antimicrobial agent trimetho-
prim-sulfamethoxazole has been proven to prevent re-
lapse in GPA by reducing the episodes of infections, prob-
ably by eliminating Staphylococcus aureus in the upper
airways [62].

Therapeutic Options for Persistent, Refractory or
Relapsing Disease

Several agents have been explored as potential alterna-
tives in order to minimize toxicity related to cytotoxic
therapy in patients with AAV. Among them, methotrex-
ate combined with corticosteroids showed remission
rates of 60-90% [63, 64], but it was associated with an
elevated rate of relapse [53, 65]. Yet, the clinical experi-
ence with methotrexate is limited to patients with pre-
dominantly extra-renal manifestations of vasculitis and
preserved renal function (serum creatinine <2.5 mg/dl).
Consequently, patients with any signs of kidney involve-
ment should not receive therapy with methotrexate. My-
cophenolate mofetil has been shown to be a safe and ther-
apeutically beneficial alternative for patients with non-
life-threatening, recurrent or resistant AAV in all but 1 of
10 evaluated subjects of a pilot study [66] while consider-
able relapse rates have been reported by others [67]. In-
terestingly, adding a moderate dose of cyclosporine to
mycophenolate mofetil has been shown to be effective in
attaining remission in a small series of patients with re-
lapsing or persistent ANCA-associated glomerulone-
phritis [68]. In recent years there have been several re-
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ports of cases with refractory disease, who were finally
managed with rituximab combined with steroids or cy-
clophosphamide or both and ended up in remarkable im-
provement [69].

Predictors of Patient and Renal Survival

Prognosis of AAV is probably the most demanding
issue for the clinician and the most concerning for the
patients. A prospective study of patients with MPA
showed that the relative risk of death was almost nine
times greater in patients who presented with pulmonary
hemorrhage and four times greater in patients with cyto-
plasmic versus perinuclear ANCA, while the relative risk
of pulmonary hemorrhage was no different by ANCA
pattern. The use of cyclophosphamide lowered the risk
of death approximately six times when compared with
steroid therapy alone [46]. Long-term analysis of pa-
tients with GPA who had been treated with prednisone
and cyclophosphamide revealed that age >50 years at
diagnosis, lung or kidney involvement were associated
with an almost four-fold increased risk for death [46].
Hogan et al. [46] showed that the strongest predictors of
long-term renal survival were entry serum creatinine val-
ue, black race and arterial sclerosis on renal biopsy. Al-
though it was clear that the higher the entry serum cre-
atinine the worse the long-term renal prognosis, no spe-
cific serum creatinine value could be determined beyond
which treatment was not effective, since 50% of the dial-
ysis-dependent patients at onset recovered renal func-
tion, permitting cessation of dialysis [46]. Consequently,
prompt institution of immunosuppressive therapy re-
mains the gold standard. The risk for progression to
ESRD, after initial response to treatment, in patients with
ANCA glomerulonephritis, was a change in the glomer-
ular filtration rate within 4 months of treatment. Spe-
cifically, after controlling for baseline creatinine level,
type of treatment and ANCA specificity, patients with a
glomerular filtration rate decrease of >8 ml/min were 5.6
times more likely to progress to ESRD than patients with
a stable glomerular filtration rate [8]. Not surprisingly,
relapse itself was also shown to increase the likelihood of
progression to ESRD by 4.7 times, with the related risk
entirely attributable to the recurrence of nephritis [8]. In
patients with severe renal dysfunction due to ANCA glo-
merulonephritis, prognostic indicators of glomerular fil-
tration rate after 12 months were age, percentage of nor-
mal glomeruli, tubular atrophy and intraepithelial infil-
trates in the renal biopsy [70]. The chances for renal
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recovery were substantially increased by the addition of
plasmapheresis [71].

Analysis of clinical, pathological and serological pre-
dictors in a large cohort of patients with AAV, recruited
by kidney disease, showed that 23% of the 334 treated pa-
tients became treatment-resistant. The majority devel-
oped ESRD within a median of 2 months after starting
therapy. Female sex, black ethnicity and severity of renal
involvement were identified as predictors of treatment
resistance. The risk of resistance to immunosuppressive
therapy was shown to increase by 1.28 for each serum cre-
atinine elevation of 100 umol/l (1.13 mg/dl). Typically,
these patients had a relapsing and remitting course not
recognized by their primary care provider, leading to ad-
vanced glomerular and interstitial scarring at the time of
diagnosis. More recently, a study in 155 patients with
AAV, who presented with severe renal dysfunction, eval-
uated the prognostic factors affecting renal and patient
outcomes in these patients [72]. Within 4 months after
biopsy, treatment response was attained in 51% of pa-
tients, 35% remained on dialysis, and 14% died. A com-
peting risk analysis showed that the estimated cumulative
incidence rates of ESRD and disease-related mortality
were 26 and 17% at 1 year and 32 and 28% at 5 years, re-
spectively. Cyclophosphamide therapy and treatment re-
sponse by month 4 were independently associated with
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