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ABSTRACT
Current treatment based on the use of
cyclophosphamide and corticosteroids
has changed anti-neutrophil cytoplas -
mic antibody (ANCA)-associated vas -
culitides from highly fatal into more
c h ronic relapsing diseases. Relapses
are a major problem in these diseases
and cause increased morbidity and
m o rt a l i t y. Current clinical re s e a rc h
mainly focuses on achieving control of
active disease while minimizing treat -
m e n t - related toxicity. Risks for long-
term relapse and their sequelae have
been less thoroughly studied. It is note -
worthy that, besides treatment, several
other factors have been associated with
the occurrence of relapses. Thus, com -
pared to MPO-ANCA positive patients,
patients with PR3-ANCA a s s o c i a t e d
vasculitis run a significantly increased
risk of experiencing relapses. ANCA-
status during follow-up, levels of T cell
activation, genetic background, and
infectious and other exogenous factors
have been linked to relapse as well.
With a few exceptions, these associa -
tions are merely descriptive and not
pathophysiologically proven. Further -
m o re, data on adapting treatment in
accordance with risk factors for relapse
are scarce. We review here the risk fac -
tors for relapse in A N C A - a s s o c i a t e d
vasculitis, their potential pathogenic
implications, and their possible role in
p reventive strategies and adaptations
of current treatment policies.

Introduction
The antineutrophil cytoplasmic anti-
body (ANCA)-associated vasculitides
(AAV) are a group of primary vasculi-
tides affecting small to medium-sized
vessels and associated with autoanti-
bodies against neutrophilic proteases,
in particular proteinase 3 (PR3) and
myeloperoxidase (MPO). In Wegener's
granulomatosis (WG) ANCAare most-

ly directed against PR3, whereas a large
number of patients with microscopic
polyangiitis (MPA), idiopathic necro-
tizing crescentic glomerulonephritis
(iNCGN) and Churg-Strauss syndrome
(CSS) are MPO-ANCA positive (1).
The introduction of cyclophosphamide
and prednisolone has dramatically im-
proved the patient outcome, and cur-
rently most patients with AAV can be
brought into remission (2-4). 
However, when immunosuppression is
tapered and eventually stopped, relaps-
es frequently occur (3). Long-term fol-
low-up of patients with WG showed a
relapse rate of 50% or more within 5
years after diagnosis, and active disease
during relapses and its treatment were
an important cause of mortality beyond
the first year (3, 5-7). Additionally, the
number of relapses that had occurred
was a strong predictor of damage dur-
ing follow-up, as measured by the Vas-
culitis Damage Index (7). For long-
term renal survival in PR3-ANCA-as-
sociated vasculitis as well, the number
of renal relapses is the primary deter-
minant (8). 
Relapses in ANCA-associated vasculi-
tis constitute a clinically relevant prob-
lem. Therefore, a major challenge in
current long-term treatment is the iden-
tification of patients at increased risk
for relapse and the prevention of these
relapses with minimal treatment-relat-
ed toxicity. A d d i t i o n a l l y, risk factors
associated with the occurrence of re-
lapses can provide insight into the path-
ogenic mechanisms underlying disease
re-activation, and might lead to new,
more individualized, risk-adapted treat-
ment strategies. We will discuss the risk
factors for relapse of disease and the
potential preventive strategies identi-
fied thus far. 

Treatment
Standard treatment for AAV consists of
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a combination of cyclophosphamide and
prednisolone and is effective in induc-
ing remission in the majority of pa-
tients. However, treatment-related toxi-
city, both short- and long-term, occurs
frequently, and relapses are encounter-
ed in many patients. In a meta-analysis
of three randomized controlled trials,
continuous cyclophosphamide appear-
ed to result in a lower relapse rate as
compared to pulse cyclophosphamide,
although the difference was not statisti-
cally significant (RR1.79; 95%CI 0.85
– 3.75) (9). In these trials patients on
continuous treatment received signifi-
cantly higher cumulative dosages of
cyclophosphamide than patients on
pulse treatment. Recently, Koldingsnes
et al. showed that a cumulative dosage
of less than 10 g cyclophosphamide
during the first 6 months was associat-
ed with more relapses in patients with
Wegener's granulomatosis (WG) (RR
2.83, 95% CI 1.33 – 6.02) (10). How-
ever, higher cumulative doses of cyclo-
phosphamide have also been associated
with more damage during follow-up, as
measured by VDI (7).
Various alternative treatment strategies
have been tested, with treatment-rela-
ted toxicity and the relapse rate as the
primary outcome measures. Mainte-
nance therapy with low-dose metho-
trexate following remission induction
with cyclophosphamide in an open-
label prospective trial resulted in a high
rate of – predominantly renal – relapses
after a median follow-up of 25 months
(26 relapses in 71 patients) (11). In ad-
dition, a randomised study of the Euro-
pean Vasculitis Study Group (EUVAS)
demonstrated that induction and main-
tenance therapy with cyclophospha-
mide or methotrexate, both limited to
an unusual short total period of 12
months, resulted in a high number of
relapses during an 18-month follow-up
period (12). However, the relapse rate
was even greater in the methotrexate
group as compared to the cyclophos-
pamide group (70%vs.45%, p= 0.016).
Additional attempts have been made to
reduce cyclophosphamide exposure by
limiting the period of cyclophospha-
mide treatment to 3 months following
remission. A European multicenter trial
comparing cyclophosphamide to aza-

thioprine during remission in A AV
(CYCAZAREM) showed that after in-
duction of remission with cyclophos-
phamide, patients who switched to aza-
thioprine did not experience more re-
lapses after 18 months of follow-up in
comparison to cyclophosphamide main-
tenance (disease-free survival 86.3% in
the cyclophosphamide group and 84.5%
in the azathioprine group) (4). Whether
these results persist on longer follow-
up is, however, questionable. We anal-
ysed the outcome after 5 years in newly
treated patients at our center who were
diagnosed between 1990 and 2000 and
had been treated with cyclophospha-
mide only (1990-1996) or who were
switched to azathioprine following 3
months of stable remission (1997 -
2000). We found that, despite a relapse
rate at 18 months that was not different
(disease-free survival 88.6% in the cy-
clophosphamide group and 89.6% in
the azathioprine group), patients who
switched to azathioprine (n = 48) tend-
ed to have more relapses than those on
cyclophosphamide maintenance (n =
88) during long-term follow-up (RR
1.51; 95% CI 0.92 – 2.68, p = 0.099),
although this difference did not reach
statistical significance (13). Relapses
tended to occur especially in the third

and fourth year of follow-up after im-
munosuppressive therapy was stopped.
This suggests ongoing smouldering di-
sease which, upon stopping of immun-
osuppressive maintenance therapy, re-
sults in a clinically apparent relapse. Pos-
sible prevention by continued immuno-
suppressive maintenance therapy would
be rational when subgroups at increas-
ed risk for relapse can be identified
during the initial period of follow-up.

Immune activation
ANCA specificity and levels 
In WG about 85% of patients are PR3-
ANCA positive, whereas patients with
MPA and idiopathic NCGN are more
frequently MPO-ANCA positive (1).
Apart from their specific clinical hall-
marks, these diseases differ in their re-
lapse rate; reported relapse rates in
cohorts of patients with WG are 50%
during a mean 8 years of follow-up (3)
and 44% within 3 years (6) compared
to 25-35% within 2.5 to 5 years in oth-
er ANCA-associated vasculitides (6,
14,15). Consequently, relapses are as-
sociated with A N C A specificity and
occur more frequently in PR3-ANCA-
associated vasculitis compared to MPO-
ANCA-associated vasculitis (16-21).
Also in our own cohort diagnosed be-
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Fig. 1. Disease-free survival in 174 patients diagnosed with antineutrophil cytoplasmic antibody
(ANCA)-associated vasculitis and treated with cyclophosphamide and prednisolone at the University
Hospital Groningen from 1990 to 2002 according to ANCAspecificity. There was a significant differ-
ence in disease-free survival between patients with MPO-associated vasculitis (■) (n = 43) and PR3-
ANCA-associated vasculitis (▲) (n = 131); RR 3.7 (95% CI 1.6-4.1); p = 0.002.



tween 1990 and 2002, PR3-ANCApos-
itive patients were more likely to ex-
perience relapse than MPO-ANCA p o s-
itive patients (with a relative relapse
risk of around 3.7; 95%CI 1.6 – 4.1; p
= 0.002) (Fig.1). This difference in
relapse rate based on ANCAspecificity
also seems to occur within one disease
entity. In our center patients with WG
who were PR3-ANCA positive (n =
137) experienced significantly more re-
lapses than the small group of WG pa-
tients with MPO-ANCA (n = 13) (RR
4.4; 95% CI 1.1 – 5.0) (Fig. 2A) (22).
Likewise, within the group of patients
with MPA and iNCGN, those with
PR3-ANCA (n = 12) showed a higher
relapse rate as compared to those with
MPO-ANCA(n = 36). The relative risk
for relapse for PR3-ANCA positive pa-
tients as compared to MPO-ANCA
positive patients within this group was
comparable to that found in our group
of WG patients (Fig 2B).
Many studies have been published on
the usefulness of ANCA titration for
the prediction of relapses. During in-
duction treatment, ANCA levels fall or
become negative in 30% to more than
80% of the patients within the first few
months. Patients who subsequently re-
main ANCA negative during follow-up
have a very low risk of developing a re-
lapse. In contrast, persistence or reap-
pearance of ANCA after induction of
remission has been associated with the
occurrence of relapses. A s i g n i f i c a n t
association was found between C-
ANCA positivity in the first year after
diagnosis and the subsequent occur-
rence of relapses (16-19,23, 24), where-
as this relationship is less clear for pa-
tients positive for P-ANCA (15,18,19,
25). Recently, we showed that in pa-
tients with PR3-ANCA associated vas-
culitis, a positive C-ANCA-titer at
switch to azathioprine, after induction
of stable remission by cyclophospha-
mide, was associated with an increased
risk to experience relapse (RR2.6, 95%
CI 1.1 – 8.0), with a relapse-free sur-
vival of only 18% at 5 years (20).
With respect to the predictive value of
raised A N C A levels for relapses, as
measured by indirect immunofluores-
cence (IIF) or ELISA, divergent results
have been reported. Increases in C-

ANCA titer were followed by a relapse
in 57% to 82% of the patients; increas-
es in PR3-ANCA and MPO-ANCA by
ELISA were followed by relapses in
59–100%, and 79–100% of cases, re-
spectively [reviewed in (22)]. Several
difficulties come up when interpreting
studies on serial ANCA measurements,
however. Many studies are retrospec-

tive and involve few patients, they do
not standardise the interval between
ANCA measurements, and they do not
define a relapse. Additionally, the me-
thodology for ANCAmeasurement dif-
fers widely. Using pre-defined criteria
for a relapse and a standardised interval
for sequential A N C A measurement, and
eliminating inter-assay variation by pros-
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Fig. 2. (A) Disease-free survival during the follow-up in patients diagnosed with Wegener's granulo-
matosis between 1990 and 2000 at the University Hospital Groningen according to ANCAspecificity
(PR3-ANCA; n = 124; ▲, and MPO-ANCA; n = 13; ■) (adapted with permission from reference 21).
(B) Disease-free survival during the follow-up in patients diagnosed with microscopic polyangiitis and
idiopathic necrotizing crescentic glomerulonephritis between 1990 and 2000 at the University Hospital
Groningen according to ANCAspecificity (PR3-ANCA; n = 12; ▲, and MPO-ANCA; n = 36; ■). 



pectively measuring sequential sam-
ples within the same assay, we found
that 4-fold rises in C-ANCA titers by
IIF or >75% increase in PR3-ANCA
levels as determined by direct ELISA
predicted the occurrence of a relapse
within a period of 12 months in 50%
and 58% of cases, respectively (26).
This study showed raised PR3-ANCA
levels to be a slightly better predictor
than raised C-ANCA titers (Fig. 3)
(26). Attempts have been made to im-
prove the association between changes
in ANCA levels and vasculitic disease
activity by analyzing IgG subclasses of
ANCAor specific functional aspects of
the interaction of A N C A with their
antigens, such as neutrophil activating
capacity and interference with PR3 and
MPO inhibition by alpha-1-antitrypsin
and ceruloplasmin, respectively. So far
the results of these studies have been
negative and analysis of these function-
al aspects of ANCA in vitro are too
cumbersome to have a place in the sur-
veillance of patients.

T cell activation and cytokines
At the moment of active disease, acti-

vation of T cells can be found in pa-
tients with AAV. The abundant pres-
ence of T cells in involved tissues and
markers of T cell activation on circulat-
ing lymphocytes can be demonstrated.
In addition, serum markers of T cell
activity, notably sIL-2R (sCD25) and
sCD30, are elevated in active disease
and correlate with disease activity (27-
30). Moreover, activation of circulating
T cells seems to persist during remis-
sion and may point to an ongoing im-
mune stimulating process, which may
predispose to renewed disease activity
(31,32). Likewise, Ohlsson et al. repor-
ted that low plasma levels of the immu-
nosuppressive Th2 cytokine IL-10 dur-
ing remission were associated with an
increased risk of subsequent relapse in
AAV (33).
Disease activity has also been correlat-
ed with the altered presence of specific
T cell subsets. Both in CD4+ and
CD8+ T cell subsets an expansion of
memory effector cells and a reduction
in naive T cell subpopulations have
been described. Again, these alterations
seem to persist during remission (34).
Whether individualized differences in

these distributions may be related to
clinical disease activity is currently un-
resolved.

Genetic factors
Many polymorphic genetic factors, es-
pecially involving genes coding for
immunologically functioning products,
have been associated with A AV. For
some of these factors hypotheses have
been formulated regarding how they
may influence the pathophysiology of
AAV. However, very few genetic fac-
tors have been found to be related to
disease course and relapse.

mPR3 epression and neutrophil 
activation
Neutrophils store proteinase 3 (PR3) in
specific and secretory vesicles, but PR3
is also constitutively present on the
membrane of resting neutrophils (35,
36). Between individuals the percent-
age of neutrophils with PR3 membrane
expression differs from 0 to 100%, and
also the level of expression may differ.
The percentage of neutrophils express-
ing membrane proteinase 3 (mPR3)
within one person is stable, and proba-
bly genetically controlled (36, 37). WG
patients tend to have higher percent-
ages of mPR3 expressing neutrophils
compared to healthy individuals (35,
38). Among patients with WG, the lev-
el of mPR3 expression on neutrophils
is associated with the incidence of re-
lapse, with a relative risk of around 0.5
for those with low mPR3 expression
during a median follow-up period of 80
months (35). In vitro data show that
stimulation by PR3-ANCA of mPR3+

primed neutrophils results in higher de-
grees of superoxide generation, and
more degranulation than mPR3– primed
neutrophils from the same individual.
(39). We found that stimulation of un-
primed mPR3+ neutrophils with anti-
PR3 antibodies could induce early acti-
vation, as detected by actin polymeriz-
ation (40). Moreover, the degree of ac-
tin polymerization upon stimulation
with anti-PR3 antibodies correlated
with the level of constitutive mPR3 ex-
pression on neutrophils. These data
suggest that the degree of mPR3 ex-
pression has functional and, possibly,
pathogenic consequences.
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Fig. 3. Percentage of patients with Wegener's granulomatosis who did not experience disease relapses
during the indicated time period after a rise in antineutrophil cytoplasmic antibodies as measured by
either indirect immunofluorescence (IIF; n = 30) or antigen-specific enzyme-linked immunosorbent
assay (ELISA; n = 38). 
The numbers above the horizontal axis indicate the number of patients who were still at risk for a
relapse at 6, 12, 18, 24, and 30 months after the rise in antibody levels as detected by ELISA(upper
numbers) or IIF (lower numbers). 
Reprinted with permission from Wiley-Liss, Inc, a subsidiary of John Wiley & Sons, Inc., and the
authors (26).



Fc receptor polymorphisms
Fcγ receptors display genetic polymor-
phism, such as the R/H131 polymorph-
ism for FcγRIIa, and the V/F158 poly-
morphism for FcγRIIIa. The functional
consequences of these polymorphisms
are differences between genotypes in
ligand affinity and specificity, as well
as cell distribution (41). Dijstelbloem
et al. showed that patients with WG
were more prone to experience relapses
in the first 5 years after diagnosis when
they homozygously expressed both the
R131 form of FcγRIIa and the F158
form of FcγRIIIa (n = 12), both consid-
ered to be low affinity phenotypes,
compared to all other FcγR phenotypes
(n = 79) (RR 3.3; 95% CI 1.6 – 6.8)
(42). Differences in affinity may affect
clearance of immune complexes or
opsonized micro-organisms. Other-
wise, Fcγ receptors may be involved in
ANCA-induced neutophil acitvation.

HLA-DR
Only weak associations of AAV with
HLA antigens were observed, with a
reduced frequency of HLA DR13 in
patients with AAV (43, 44). Spencer et
al. studied a cohort of 59 patients and
reported an association between persis-
tence of ANCA during follow-up and
the presence of HLA DR2 (45). Like-
wise, we recently found an increased
relapse rate during follow-up in HLA
DR3-positive patients (46). W h e t h e r
these associations are primarily with
class II genes or are due to linkage with
other immunologically important poly-
morphisms located close to class II
genes on chromosome 6, such as the
gene encoding for TNF-α, is at present
unclear (44).

Myeloperoxidase
Genetic polymorphisms in the promot-
er region of the MPO gene, which in-
fluence MPO expression, have been
described. The MPO-463GG genotype
was associated with 2- to 3-fold higher
levels of MPO mRNA and protein ex-
pression than were GA/AA genotypes
in myeloid leukemia cells (47). In pa-
tients with MPO-ANCA-associated vas-
culitis the MPO-463GG genotype was
more frequently present in female, but
not in male patients (21). In addition,

M P O - A N C A positive vasculitis pa-
tients with this GG genotype were old-
er at diagnosis and had a significantly
reduced risk of experiencing a relapse
of disease compared to patients with
GA/AA genotypes (RR 0.31; 95% CI
0.05 – 0.70). These observations were
not confirmed in a recent study by Fie-
beler et al., who did not find differen-
ces in the frequencies of MPO G-463A
promoter polymorphisms between
MPO-ANCA- and PR3-ANCA-associ-
ated vasculitis patients and healthy
controls (48). The possible association
of GA/AAgenotypes with earlier onset
of vasculitis and more frequent relaps-
es suggests that higher MPO levels
could somehow be protective.

Other genetic influences
Polymorphisms in other immune re-
sponse genes have been studied in
AAV. So far most of these polymor-
phisms have not been related to patient
outcome or relapse risk.
In the CTLA-4 gene, which is involved
in T cell activation, both an (AT)n mi-
crosatellite and a single nucleotide poly-
morphism in the promoter region have
been linked to WG (49, 50). Regarding
the IL-10 (-1082) polymorphism, a shift
towards the homozygous AA genotype
was found in both WG and MPA (51,
52). In vitro the IL-10 -1082AA
homozygous genotype has been shown
to correlate with low IL-10 secretion by
ConA-stimulated peripheral blood
mononuclear cells, which may be in
line with the finding that low plasma
levels of IL-10 during remission are
associated with an increased risk of
subsequent relapse (33, 53). Patients
with renal involvement of PR3-ANCA
associated vasculitis had an increased
risk of developing end-stage renal dis-
ease when carrying the proinflammato-
ry IL-1β/IL-1Ra genotype, character-
ized by the high secretion of IL-1β and
low secretion of its antagonist IL-1Ra
(54).
Polymorphisms in the alpha-1-antitryp-
sin (α1-AT) gene, in particular the α1-
AT PiZ allele which results in lower
plasma concentrations of α1-AT, have
been linked to AAV (52, 53). α1-AT is a
natural inhibitor of the lytic activity of
PR3. In a cohort of 99 patients with

P R 3 - A N C A associated vasculitis, the
18 PiZ-positive patients did not have a
higher relapse rate but did have more
disseminated disease and a higher risk
of fatal outcome (55). Finally, the PR3
gene itself shows polymorphisms, and
in WG an association was demonstrat-
ed with A-564G polymorphism in the
PR3 promoter which affects a putative
transcription factor binding site (56).
So far no functional or clinical conse-
quences of this polymorphism have
been described.

Infection and microbiological 
factors
Given the fact that target antigens of
ANCA are expressed and released by
activated neutrophils and monocytes/
macrophages, it is tempting to specu-
late on a relationship between infec-
tion-induced activation of these cells
and subsequent development of disease
activity in patients with AAV. Indeed,
several cases of bacterial and other
infections have been reported in which
A N C A with specificity for PR3 and
MPO have been detected (57). Especi-
ally in cases of bacterial endocarditis,
in which vasculitic symptoms may also
occur, the finding of PR3-ANCA may
pose a diagnostic problem (58). With
respect to the occurrence of relapses, it
has been suggested that infections may
lead to disease activity and the site of
infection might even determine the loc-
ation of active vasculitis (59). In addi-
tion, a seasonal influence on disease
onset, with a higher incidence of WG
in the winter months, has been describ-
ed, suggesting the possible influence of
(viral) airway infection on disease acti-
vation (60). However, although other
studies have documented a high inci-
dence of – especially – upper airways
infection in WG, they failed to show a
strong link between the occurrence of
infections and relapse of active disease
in ANCA-associated vasculitis (23,
61). 
Staphylococcus aureus has been shown
to be a frequent cause of secondary in-
fections of the paranasal sinuses in pa-
tients with WG (62). It has been shown
that 60% to 70% of patients with WG,
far exceeding the percentage seen in
healthy individuals, are chronic nasal
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carriers of S. aureus, which may ex-
plain the preponderance of this organ-
ism in causing infections. In addition, it
was found that nasal carriage is a sig-
nificant risk factor (RR 7.2; 95% CI 1.6
– 31.5) for the occurrence of relapses in
WG and that nasal carriage was associ-
ated with persistently positive C-
A N C A titers during follow-up (23).
These data suggest a role for S. aureus
in disease activation in WG, although
the pathophysiology of this association
is currently unclear. S. aureus has the
ability to produce several immune-acti-
vating proteins (such as superantigens)
which polyclonally stimulate T c e l l s
expressing particular Vβ patterns. 
We found, however, no clear associa-
tion between the T lymphocyte Vβ re-
pertoire in patients with WG and the pre-
sence of particular S. aure u s- d e r i v e d
superantigens in S. aure u s isolates from
their nasal cavities (63). We did find a
relationship between the occurrence of
relapses in WG patients and the pres-
ence of TSST-1 superantigen in S. aur -
eus isolates from the nasal cavity (64).
For the other ANCA-related vasculitic
diseases, associations between disease
activity and infections or the presence
of microbiological organisms are less
clear. Cases of MPA (and WG) in asso-
ciation with parvovirus B19 infection
have been described (57, 65). Like-
wise, cases of Churg-Strauss syndrome
have been described in association with
infestation/infection with Ascaris, As-
pergillus sp. and HIV (66). In the ma-
jority of patients with active AAV, how-
ever, a clear precipitating event cannot
be identified. Finally, many cases have
been published in which a temporal
relationship of vasculitic disease activi-
ty with vaccinations has been describ-
ed. However, since many individuals
receive vaccinations and large cohort
studies or randomized trials on the ef-
fects of vaccination on vasculitic activ-
ity in patients with AAV have not been
performed, the role of vaccinations in
precipitating disease activity is unclear
(67, 68).
The potential role of infections in
ANCA-associated vasculitis is support-
ed by the finding described in case
series that some patients with WG and
limited disease activity can be success-

fully treated with trimethoprim-sulfa-
methoxazole (69-71). In addition, a pro-
spective, placebo-controlled random-
ized trial has shown that treatment with
trimethoprim-sulfamethoxazole for 2
years in patients with WG who are in
remission significantly reduces the risk
for relapse by 60% (61). However, in
another prospective study 42% of pa-
tients with generalized WG on co-tri-
moxazole maintenance relapsed after a
median 13 months, whereas 29% of pa-
tients without co-tromoxazole relapsed
after a median of 22.5 months (71). 
Whether the effect of trimethoprim-sul-
famethoxazole is caused by its anti-
microbial effects and suppression of S.
aureus or by its immune modulating ef-
fects on inflammatory cells as has been
postulated based on in vitro data, is as
yet unresolved (72). Currently, data on
the potential efficacy of other antibiotic
agents in ANCA-associated vasculitis
are not available.

Can treatment in ANCA-associated
vasculitis be adapted to risk factors
for relapse?
The morbidity and mortality associated
with relapses, combined with treatment
related-toxicity, ask for prevention. Al-
though their pathophysiological role is
not always well understood, the identi-
fication of several risk factors has made
tailored intervention strategies feasible.
First and foremost, patients with PR3-
A N C A associated vasculitis have a
more than 3-fold higher risk for relapse
within 5 years following the diagnosis
than patients with MPO-ANCA-associ-
ated vasculitis, an effect which seems
to be independent of the specific diag-
nosis. The lower absolute risk for re-
lapse in MPO-ANCA-associated vas-
culitis makes it probable that prolonged
maintenance treatment in this group
will not be effective, unless other spe-
cific risk factors with high predictive
value can be identified. In PR3-ANCA-
associated vasculitis, patients who re-
main or again become C-ANCA posi-
tive during induction of remission have
an increased relapse risk, which could
indicate that these patients may benefit
from prolonged immunos u p p r e s s i v e
maintenance therapy. However, the tox-
icity of long-term immunosuppression

could outweigh the benefit of a poten-
tial reduction in relapses. We are cur-
rently evaluating in a randomized study
whether long-term azathioprine main-
tenance treatment in PR3-ANCA posi-
tive patients who remain C-ANCApos-
itive after the induction of remission by
cyclophosphamide for 3 months,
indeed reduces the occurrence of
relapse. This study will provide data
that could demonstrate whether pre-
emptive treatment with toxic agents
would be effective in this subgroup of
patients with PR3-ANCA-associated
vasculitis who have an increased risk of
experiencing a relapse during long-
term follow-up, but would not lead to
increased toxicity.
Studies that evaluate soluble or cellular
markers of immune activation at sever-
al points in time for their predictive va-
lue have to be performed in order to see
whether they can improve the identifi-
cation of high and low risk groups, ad-
ditive to the predictive role of ANCA.
Finally, patients who have previously
experienced a relapse apparently have
a relapse-prone phenotype and may be
in need of adapted treatment when dis-
ease activity occurs. Solid data suppor-
ting this view are, however, lacking. 
Several genetic factors, i.e. constitutive
membrane PR3 expression and poly-
morphisms of Fcγ receptor, HLA DR
antigen and MPO, have been identified
as risk factors associated with relapse.
So far the applicability of these factors
in individual treatment strategies ap-
pears limited and data on treatment ad-
aptations based on these factors are ab-
sent. Moreover, sufficiently large sized
studies evaluating multiple polymorph-
isms and their interaction with relapses
have not been undertaken. Exogenous
factors, particularly chronic nasal car-
riage of S. aureus, have been identified
as risk factors for relapses in WG. Since
an association is by no means equiva-
lent to a causative role, it still remains
to be proven that eradication of S. aure -
u s (if possible) will lead to a reduction
in relapses. Whether or not caused by
an effect on S. aureus, t r i m e t h o p r i m -
sulfamethoxazole has been proven effec-
tive in preventing relapses in WG and
maintenance therapy in patients with
WG should be considered. 
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