
S-120

Botnar Research Centre, University of 
Oxford, Oxford, UK.
Please address correspondence to: 
Dr. Raashid Luqmani, DM, FRCP, Botnar 
Research Centre, University of Oxford, 
Windmill Road, Oxford OX3 7LD, UK. 
E-mail: 
raashid.luqmani@noc.anglox.nhs.uk
Received and accepted on September 7, 
2007.
Clin Exp Rheumatol 2007; 25 (Suppl. 47): 
S120-S129.
© Copyright © Copyright © CLINICAL AND 
EXPERIMENTAL RHEUMATOLOGY 2007.EXPERIMENTAL RHEUMATOLOGY 2007.EXPERIMENTAL RHEUMATOLOGY

Key words: Wegener’s 
granulomatosis, microscopic 
polyangiitis, Churg-Strauss syndrome, 
anti-neutrophil cytoplasm antibody 
(ANCA), vasculitis.

Abbreviations:
AAV:  ANCA-associated vasculitis
ANCA:  anti-neutrophil cytoplasm anti-

body
BVAS:  Birmingham Vasculitis Activity 

Score
C-ANCA: cytoplasmic ANCA
CI:  confi dence interval
CSS:  Churg-Strauss syndrome
DEI:  disease extent index
EULAR:  European League Against 

Rheumatism
EUVAS:  European Vasculitis Study 

group
HR:  hazard ratio
MPA:  microscopic polyangiitis
OR:  odds ratio
PR3:  proteinase 3
RH:  relative hazard
RR:  relative risk
VDI:  vasculitis damage index
WG:  Wegener’s granulomatosis

Competing interests: none declared.

ABSTRACT
Measuring quality of care in the anti 
neutrophil cytoplasm antibody (ANCA) 
associated vasculitides (AAV) has be-
come more complex, because the intro-
duction of immunosuppressive therapy 
has resulted in a substantial improve-
ment in survival. Early diagnosis re-
mains a problem, because many pa-
tients are seen by non-specialists who 
may not recognize vasculitis or fail to 
initiate therapy promptly. A comprehen-
sive assessment to determine the pat-
tern and severity of organ involvement 
allows a specialist to plan a therapeutic 
regimen, and to manage co-morbidity 
effectively. Recent guidelines from the 
European League Against Rheumatism 
(EULAR) address the conduct of high-
quality clinical trials in vasculitis. 
Risk factors for poor outcome in vas-
culitis are probably similar in the dif-
ferent forms of AAV. The risk factors 
are discussed in the context of failing 
to achieve remission, relapse, organ 
failure, and death. Factors indicating 
a poor prognosis include: the presence 
of high disease activity at diagnosis 
(which increases mortality risk even 
though it is associated with a greater 
likelihood of response to therapy); the 
pattern of organ involvement, for ex-
ample with cardiac features carrying 
an adverse outcome in Wegener’s gran-’s gran-’
ulomatosis; signifi cant damage; renal 
impairment; persistence of ANCA; eld-
erly age at diagnosis; under-use of cy-
clophosphamide and glucocorticoids in 
the fi rst 3 months of treatment; persist-
ent nasal carriage of Staphylococcus 
aureus; and the increased risk of blad-
der cancer in patients who are given 
large amounts of cyclophosphamide.

Introduction
The vasculitides are a heterogeneous 
group of conditions united by their ca-
pacity to produce infl ammation with 
or without necrosis of the vessel wall, 
leading to vaso-occlusion, and/or ste-

nosis, and/or aneurysm formation. The 
primary vasculitides are commonly 
classifi ed into broad categories based 
on the size of the smallest caliber of 
vessel involved (1). The association 
with antibodies directed against my-
eloperoxidase or proteinase 3 in neu-
trophil cytoplasm (ANCA) defi nes an 
important sub-group of small vessel 
vasculitides (2). Management of small 
vessel vasculitis is based upon clinical 
trials in ANCA-associated vasculitis 
(AAV); we will concentrate on Wegen-
er’s granulomatosis (WG), microscopic 
polyangiitis (MPA) and Churg-Strauss 
Syndrome (CSS) in this chapter.
Defi ning disease-specifi c quality indi-
cators and management guidelines for 
the management of vasculitis has been 
challenging for several reasons:

1. The incidence of primary systemic 
vasculitis is 40 to 54 per million per 
year (3). The incidence of AAV is 
9.5 to 17 per million per year (3-5). 
The rarity of these conditions con-
tributes to delays in diagnosis and 
has precluded large single-centre 
clinical trials.

2. Clinical trials have included hetero-
geneous cohorts, but often without 
disease-specifi c sub-analysis. Dif-
ferent vasculitides have been re-
garded as similar or single entities, 
rendering data diffi cult to analyze.

3. Defi nitions of outcomes in the clinical 
trials often have been variable, e.g.,
remission and relapse have meant dif-
ferent things in different clinical tri-
als, often producing substantially dif-
ferent interpretations of results (6, 7).

The above obstacles to producing a 
quality framework for the care of vas-
culitis, are being addressed in collabo-
rative clinical trials by the European 
Vasculitis Study group (EUVAS) (8). 
We have recently published European 
League Against Rheumatism (EULAR) 
guidelines on the conduct of clinical 
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trials in vasculitis, and their applica-
tion should improve comparison across 
clinical trials (9). The British Society 
for Rheumatology and EULAR are in-
dependently engaged in the production 
of guidelines for management of the 
primary systemic vasculitides, which 
may become the benchmarks for the 
quality of care in vasculitis.
Quality control is an important aspect 
of all interventions and management of 
complex multi-system disease, espe-
cially if potentially toxic immunosup-
pression is used. Some of the issues are 
summarized in Table I.
This paper reviews disease-specifi c data 
concerning quality indicators, guidelines 
and outcome measures in vasculitis.

Current status of clinical outcomes 
and factors affecting them
Remission
Remission of disease activity is achiev-
able for most patients with current ther-
apeutic regimens. The lack of uniform-
ity in the defi nition of remission does 
not allow comparison across studies 
(Table II). The EULAR/EUVAS group 
has defi ned remission and other disease 
states for use in future clinical trials 
and studies (9) 
Disease-specifi c remission rates in AAV 
are variable, as shown in Figure 1, but 
remission can be achieved in up to 90% 
of patients. Some factors infl uencing the 
rate of remission are as follows:
1. Variation in the defi nition of remis-

sion (Table II): With a stringent def-

inition (absence of disease activity 
for 6 months without maintenance 
glucocorticoid therapy), the remis-
sion rate was 30% (6). When remis-
sion was defi ned as being sustained 
for 3 months without needing to stop 
maintenance glucocorticoid therapy, 
the remission rate was 54% (7).

2. Cohort inclusion or exclusion cri-
teria: The methotrexate arm of a 
randomized controlled trial (RCT) 
comparing methotrexate to cyclo-
phosphamide for remission induc-
tion in WG achieved a remission 
rate of 90% (16). This trial excluded 
patients with a serum creatinine 
>150 µmol/l (1.69 mg/dl). An open-
label study using the combination of 
methotrexate and glucocorticoid in 
patients with WG, including active 
renal disease (serum creatinine up 
to 2.5 mg/dl), recorded a remission 
rate of 71% (11). These results can-
not be compared directly and high-
light the importance of disease stag-
ing, which must be considered when 
comparing results (21).

3. Disease-related factors
(a) High disease activity: When 

stratifi ed for disease activity, as 
measured by the Birmingham 
Vasculitis Activity Score (BVAS) 
(22), high disease activity (BVAS 
>23) was associated with an in-
creased likelihood of remission 
[relative hazard (RH) 2.94; 95% 
confi dence interval (CI) 1.48 to 
5.85] (15). This may be due to 
the increased responsiveness of 
active disease to treatment. High 
disease activity is also associ-
ated with poor survival (22, 23). 
These two fi ndings are not mutu-
ally incompatible; for example, 
renal involvement is more likely 
to result in mortality than nasal 
involvement, but is more amena-
ble to treatment.

(b) The presence of damage, as 
measured by the vasculitis dam-
age index (VDI), reduces the like-
lihood of remission [odds ratio 
(OR) 1.53; 95% CI 1.03 to 2.27] 
(15). Damage may reduce respon-
siveness to treatment; equally, it 
might confound the accurate as-
sessment of disease activity. For 

example, the presence of a chron-
ic non-healing ulcer for more than 
3 months should be considered 
as damage, but may be miscon-
strued as active disease even in 
the absence of other evidence of 
activity.

Relapse
Relapse is common in AAV. Disease-
specifi c relapse rates from various 
studies are shown in Figure 2; different 
remission maintenance regimens were 
used in each study (10-12, 15, 20, 24-
35). The graph shows a general trend 
of increasing relapse with time. This 
supports the prolonged use of a remis-
sion maintenance regimen. Long-term 
use of cyclophosphamide has been as-
sociated with substantial drug toxicity, 
especially the development of bladder 
carcinoma (36). With safer remission 
maintenance regimens including aza-
thioprine, methotrexate, lefl unomide 
and mycophenolate mofetil, long-term 
remission maintenance therapy is pos-
sible (29, 30, 37, 38). Figure 2 suggests 
that patients with WG may have a high-
er relapse rate than those with MPA. In 
a prospective RCT, patients with WG 
relapsed more frequently than those 
with MPA (18% vs. 4%, respectively; 
p = 0.03) at 18 months (30).
In WG, several factors predispose to an 
earlier relapse. Awareness of some of 
these risk factors may have therapeutic 
utility.

1. Treatment: Using high dose cyclo-
phosphamide (> 10 g as compared 
with ≤ 10 g) in the fi rst 6 months is 
associated with an increased likeli-
hood of relapse [relative risk (RR) 
2.83; 95% CI 1.33 to 6.02] (15). 
Short-term use of high-dose gluco-
corticoid therapy (prednisolone >20 
mg/day for a period of less than 12 
weeks as compared with ≥ 12 weeks) 
increased the risk of a subsequent 
relapse (RH 2.41; 95% CI 1.12 to 
5.21) (15). Both of these fi ndings 
support the current practice of initial 
high-intensity therapy.

 The use of trimethoprim/sulfam-
ethoxazole as adjunctive remission 
maintenance therapy is associated 
with protection against relapse (RR 

Table I. Quality of care issues in systemic 
vasculitis.

• Is the diagnosis being made early and cor-
rectly? 

• Are patients being evaluated in a standard-
ized way?

• Is the most appropriate regimen being of-
fered? 

• Are complications being managed?
• Is co-morbidity being screened for? 
• Is drug monitoring being performed? 
• Are patients receiving appropriate counseling 

and education? 
• Is the functional outcome and/or patient satis-

faction being assessed?
• Is the management being conducted at, or in 

collaboration with, expert centers?
• Are physicians maintaining their expertise?
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0.32; 95% CI 0.13 to 0.79) (25). The 
use of trimethoprim/sulfamethoxa-
zole as monotherapy for remission 
maintenance compares unfavorably 
with the current standard of azathio-
prine (24, 30).

2. ANCA: The presence of ANCA at 
diagnosis confers an increased risk 
of relapse in WG (RR 2.89; 95% CI 
1.12 to 7.45) (25). A 4-fold rise in 
cytoplasmic (C)/proteinase 3 (PR3) 
ANCA is the strongest known pre-
dictor of subsequent relapse (RR 
42.5; 95% CI 9.48 to 180.8) (27). 
The persistence or reappearance of 
ANCA should be considered when 
deciding the longevity of remission 
maintenance therapy, although this 
remains controversial (39).

3. Other disease-specifi c risk factors for 
relapse of WG: Cardiac involvement 
increases the risk of relapse (RH 
2.87; 95% CI 1.09 to 7.58; p = 0.03) 
(15). A creatinine clearance >60 ml/
min is associated with an increased 
risk of relapse (RR 2.94; 95% CI 
1.27 to 6.67; p = 0.01) (40). This may 
be due to a predominance of relapse 

in patients without renal involve-
ment, who are towards the granulo-
matous end of the disease spectrum. 
Chronic nasal carriage of Staphylo-
coccus aureus is an independent risk 
factor for relapse (RR 7.16; 95% CI 

1.63 to 31.50; p = 0.009) (40). The 
presence of low-grade infection and 
infl ammation, as provided by nasal 
carriage of S. aureus, may present a 
nidus for PR3 ANCA activation, as 
suggested in animal models (41).

Table II. Defi nitions of remission used in studies of WG, as qualifi ed by the use of a clinical assessment tool, the sustaining of remission 
over time, and the prednisolone dose.

Study Defi nition Clinical tool Time factor Prednisolone
    dose

Hoffman 1992 (10) Absence of active disease None Unrestricted Unrestricted

Reinhold-Keller 1994 (6) Absence of clinical, serologic, and radiologic (including MRI) evidence  DEI 6 months 0 mg
 of disease activity. These conditions had to be sustained for at least 6 
 months after the discontinuation of pulse CYC treatment, without further 
 immunosuppressive therapy, including withdrawal of prednisolone.

Sneller 1995 (11) Absence of active disease None Unrestricted Unrestricted

Guillevin 1997 (12) When the patient’s general condition improved, no new manifestations  None Unrestricted Unrestricted
 of WG appeared, and the ESR returned to normal.

Aasarod 2000 (13) A state with no sign of active vasculitic disease and complete resolution None Unrestricted Unrestricted
 of pulmonary infi ltrates, improvement of renal function, and resolution of 
 extra-renal manifestations of vasculitis.

Reinhold-Keller 2000 (7) Absence of pathologic fi ndings, irrespective of ANCA titer DEI 3 months Unrestricted

Koldingsnes 2003 (15) Absence of active disease, complete resolution of pulmonary infi ltrates  None 1 month Unrestricted
 or evidence of stable scarring, absence of systemic infl ammatory disease 
 such as serositis and fever, and stabilization or improvement in renal 
 function without active urinary sediment.

De Groot 2005 (16) Absence of new or worse clinical activity; minor persistent activity BVAS 1 = 0;  Unrestricted Unrestricted
 allowed BVAS 2 ≤ 2 

BVAS: Birmingham Vasculitis Activity Score; CYC: cyclophosphamide; DEI: Disease Extent Index; ESR: erythrocyte sedimentation rate; WG: Wegener’s 
granulomatosis.

Fig. 1. Remission rates in ANCA-associated vasculitis (AAV) (6, 7, 10-20).
(CSS: Churg-Strauss syndrome; MPA: microscopic polyangiitis; WG: Wegener’s granulomatosis).
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Renal involvement
Renal involvement is more common 
in WG (54%) and MPA (79%) than 
in CSS (26%) (7, 20, 33). The 5-year 
renal survival in WG is 14% to 25% 
(13, 42). Renal involvement predicts 
poor survival in all three AAV (7, 20, 
43, 44). Patients with WG have a bet-
ter survival as compared to MPA until 
the onset of renal failure (45-47). Fac-
tors that appear to predict poor renal 
survival in WG are increasing age at 
presentation [Hazard Ratio (HR) 1.47 
for every decade rise; 95% CI 0.95 
to 2.24; p = 0.08] and impaired renal 
function, defi ned as: dialysis depend-
ence at diagnosis (RR 3.3; 95% CI 1.3 
to 8.8; p = 0.001), a rise in serum cre-
atinine of 100 μmol/l (HR 1.35; 95% 
CI 1.11 to 1.49; p = 0.001) or a rise in 
24-hour urinary proteinuria of 1 g (HR 
1.50; 95% CI 1.08 to 2.07; p = 0.02) 
(13, 42). It may seem obvious that poor 
renal function predicts subsequent re-
nal outcome, but it serves to stress the 
importance of early diagnosis and ther-
apy before signifi cant kidney disease 
becomes established.

Malignancy
The use of cyclophosphamide is as-
sociated with a high risk of develop-
ing bladder cancer (7, 36, 48). Recent 
data suggest a higher risk of bladder 
neoplasm and other solid tumors prior 
to the diagnosis of WG and use of cy-
clophosphamide (49, 50). A retrospec-
tive study in the UK demonstrated a 6-
fold rise in the risk of developing any 
cancer within 6 months of diagnosis of 
WG/MPA (51). 

Damage
Damage is the irreversible burden of dis-
ease that does not respond to treatment. 
Damage has been an outcome in clinical 
trials of vasculitis, but never a primary 
outcome (30, 52). Damage accumulation 
can start early, and in WG increasing 
VDI increases the resistance to treatment 
and worsens survival (15, 42, 53). In two 
trials that have collected damage data as 
measured by the VDI, the mean score at 
baseline was 1.3 in both (30, 52). Also, 
in both trials the VDI rose: to 1.8 (mean) 
at 12 months in one trial (30) and to 2.5 
(mean) at 18 months in the second (52). 

Survival
The short-term outlook for untreated 
primary systemic vasculitis is poor. 
Untreated WG has a mortality of 83% 
at 1 year (54). WG is associated with 
a 4-fold higher mortality rate as com-
pared to the general population (13). 
Similar data are not available for MPA 
and CSS, but patients with MPA seem 
to be more likely to die than patients 

with WG. In two separate studies, the 
5-year survival in patients with WG 
was better than in MPA: 76% vs. 45% 
(p(p(  = 0.02) and 91.5% vs. 63% (p 63% (p 63% (  < 
0.01) (46, 47). In a third study, patients 
with WG had higher mortality than pa-
tients with MPA, with a relative risk 
of 1.917 (95% CI 1.075 to 3.419; p = 
0.025) (55). Survival in primary sys-
temic vasculitis has improved as a re-

Fig. 2. Disease-specifi c relapse rates for WG, MPA and CSS. The time (months) on the x-axis cor-
responds to the follow-up of the cohort, not the mean time to relapse (10-12, 15, 20, 24-35). The three 
trend lines are based on the data from sepa.rate studies and cannot be compared.

Fig. 3. Survival at 1 and 5 years in ANCA-associated vasculitis. WG: 1-year data from 4 studies in-
cluding 398 patients, published between 1989–2002 (7, 14, 42, 57); 5-year data from 7 studies includ-
ing 484 patients, published between 1989–2006 (13, 42, 43, 46, 47, 57, 58). MPA: 1-year data from 
4 studies including 252 patients, published between 2000–2006 (34, 44, 46, 47); 5-year data from 5 
studies including 217 patients, published between 1999–2006 (33, 34, 46, 47, 58). CSS: 1-year data 
from 2 studies including 165 patients, published in 2001 and 2005 (19, 44); 5-year data from 5 studies 
including 187 patients, published between 1998–2002 (19, 20, 59-61).
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sult of better therapeutic regimens, the 
most important change being the use of 
cyclophosphamide and glucocorticoid 
combination therapy for remission in-
duction (56). The disease-specifi c sur-
vival of ANCA-associated vasculitis is 
shown in Figure 3.
Disease-specifi c data for WG indicate 
several factors associated with higher 
mortality:
1. Age: Rising age increases the risk of 

WG-related mortality (42). In two 
separate studies, older age at disease 
onset was an independent risk factor 
for death: >50 years, HR 3.4 (95% 
CI 1.03 to 11.21; p = 0.04); and >52 
years, HR 5.73 (95% CI 2.07 to 
15.85) (7, 43). These studies did not 
include a control group.

2. Target organ involvement
(a) Renal disease: The need for dialy-

sis at diagnosis (HR 8.2; 95% CI 
2.03 to 33.11; p = 0.003), the pres-
ence of impaired renal function 
(HR 5.10; 95% CI 1.59 to 10.16), 
and any renal involvement (HR 
4.45; 95% CI 1.48 to 13.65) are 
associated with adverse survival 
(7, 42).

(b) The presence of lung involvement 
may be an independent risk factor 
for mortality, but there are con-
tradictory data (7, 43). A possible 
explanation for this discrepancy 
could be the type of lung disease 
in each study. In the report of Re-
inhold-Keller et al. (7), two-thirds 
of the patients with lung involve-
ment had infi ltrates and were at an 
increased risk of dying (HR 3.58; 
95% CI 1.15 to 11.11). In con-
trast, Bligny et al. (43) reported 
that most patients with pulmonary 
involvement had either nodules 
or pneumonic consolidation and 
there was no association between 
lung involvement and mortality. 
If infi ltrates represent the vascu-
litic end of the spectrum of WG 
and round shadows represent the 
granulomatous end, then this dis-
crepancy can be explained. Vas-
culitis is more likely to be acute in 
presentation, and life-threatening, 
but more amenable to treatment. 
Granulomatous disease is more 
likely to be indolent in its pres-

entation, “grumbling” and more 
likely to relapse (62). The pres-
ence of upper respiratory tract 
involvement in WG is associated 
with protection against mortality 
(HR 0.31; 95% CI 0.11 to 0.84; p
= 0.02) (43).

3. Damage: In a retrospective study, the 
presence of even minimal damage, 
defi ned as VDI >1, substantially 
increased the risk of mortality (HR 
5.54; 95% CI 1.28 to 24.05; p = 
0.022) (42, 63).

Renal insuffi ciency is a risk factor for 
mortality in MPA (HR 3.69, 95% CI 
1.006 to 13.4), and in CSS it is included 
in the fi ve-factor score (FFS) for poor 
prognosis (44, 64). The components of 
the FFS are: proteinuria >1 g/day; se-
rum creatinine >1.58 mg/dl; gastroin-
testinal involvement; cardiomyopathy; 
and neurological involvement. FFS >2 
is associated with an increased risk 
of mortality in CSS (RR 1.36; 95% 
CI 1.10 to 1.62; p < 0.001) and, con-
versely the absence of poor prognos-
tic markers (FFS = 0) confers a better 
prognosis (RR 0.52; 95% CI 0.42 to 
0.62; p < 0.03) (20). Cardiomyopathy 
is independently validated as a poor 
prognostic marker for CSS (HR 3.39; 
95% CI 1.6 to 7.3) (44). 
Identifi ed factors affecting survival are 
derived from cohort studies, many of 
which are retrospective. The data have 
been subjected to multivariate analysis, 
but it is important to test their replica-
tion in prospective cohort studies.

Disease-specifi c quality indicators
Diagnosis
In the presence of vasculitis-related 
symptoms such as purpura, monon-
euritis multiplex, ulcer, or upper res-
piratory involvement, pattern recog-
nition is important for characterizing 
the vasculitis. In the absence of diag-
nostic criteria, classifi cation criteria 
have been used to make the diagnosis 
(65). It is important to recognize the 
limitations of classifi cation criteria; an 
absence of some criteria does not rule 
out a diagnosis of vasculitis (66). Early 
diagnosis and treatment of vasculitis is 
important in order to limit the amount 
of irreversible damage, which can of-
ten commence early in the disease (53). 

When possible, histological evidence 
of vasculitis should be sought prior to 
the onset of treatment.

Clinical evaluation
In small vessel vasculitis, the myriad of 
manifestations indicates the multi-sys-
tem nature of the disease and the pa-
tient may present to any number of dif-
ferent specialists. A structured physical 
examination must be performed at each 
evaluation. It is possible for new organ 
systems to be involved late in the dis-
ease, and multidisciplinary input over a 
prolonged period of time will allow the 
early recognition of new organ-system 
involvement (7). The BVAS form is a 
list of all the important features of sys-
temic vasculitis, and is widely used in 
clinical trials. While the list may seem 
daunting at fi rst glance, it contains a 
distillation of expert knowledge in the 
clinical care of patients with vasculitis, 
and is particularly helpful to those with 
less experience in managing vasculitis. 
It is a valuable aide memoire of items 
to be assessed at each visit.

Choice and timing of therapy
There is strong evidence in favor of us-
ing a combination of cyclophosphamide 
and glucocorticoid to induce remission 
in WG (10, 12). Treatment for MPA and 
CSS is based on evidence from clinical 
trials of WG and other trials including 
mixed cohorts (Table II). In patients 
who do not have organ- or life-threat-
ening disease, methotrexate is a suit-
able alternative to cyclophosphamide, 
with the caveat that it may take longer 
to induce remission (16). Azathioprine 
or methotrexate are suitable options for 
the maintenance of immunosuppression 
following induction of remission (29, 
30). The exact regimens are discussed 
below.
Therapy should be commenced as early 
as possible after the diagnosis has been 
established. Patients must be counselled 
prior to commencing immunosuppres-
sion, especially with regard to the risk 
of bladder complications and sterility 
in the case of cyclophosphamide, and 
osteoporosis in the case of glucocorti-
coid therapy. When appropriate, sperm 
storage should be organized prior to the 
commencement of cyclophosphamide.
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Adjunctive therapy
Prophylaxis against Pneumocystis jiro-
veci: Although no RCTs have been re-
ported to date, prophylaxis against P. 
jiroveci is widely practiced using tri-
methoprim/sulfamethoxazole (800/160 
mg three times a week) for the duration 
of cyclophosphamide treatment (16, 30). 
An economic analysis in an artifi cial 
neural network suggests that it is cost-
effective to use TMP/SMX in the above 
dose (67). In this analysis, a hypothetical 
cohort of patients with WG was followed 
up over their lifetimes. Three treatment 
strategies were employed consisting of: 
no prophylaxis; TMP/SMX 800/160 mg 
three times a week (stopped in the event 
of an adverse drug reaction); or the same 
treatment regimen of TMP/SMX but re-
placed with monthly aerosolized penta-
midine 300 mg in the event of an adverse 
drug reaction. No prophylaxis resulted 
in a life expectancy of 13.36 quality-ad-
justed life years (QALY) at an average 
discounted lifetime cost of US$ 4,538. 
Prophylaxis with TMP/SMX alone in-
creased the QALY to 13.54 and saved 
US$ 1,234. The addition of pentamidine 
marginally increased the life expectancy 
to 13.61 QALY, but at a further life-
time cost of US$ 2,890. Compared with 
TMP/SMX alone, TMP/SMX followed 
by pentamidine increased the QALY by 
0.07 at an incremental cost of $58,037 
per QALY (67).
Nasal S. aureus eradication: Chronic 
nasal carriage of S. aureus is thought to 
increase the risk of relapse (40), lead-
ing to the use of empirical therapy with 
topical mupirocin by some experts.
Bone protection: Many patients will 
continue on a long-term maintenance 
dose of glucocorticoids (30). Local 
guidelines regarding bone protection 
should be followed (68, 69).
Renal protection: Renal involvement is 
predictive of poor survival, as is pro-
gression to end stage renal failure (7, 
20, 43, 44). Empirical renal protection 
with angiotensin-converting enzyme 
(ACE) inhibitors or angiotensin II re-
ceptor blockers has been advocated, 
and we would support this practice.
Urothelial protection: The urothelial 
toxicity of cyclophosphamide is due to 
local irritation of the mucosa by me-
tabolites of cyclophosphamide, which 

have the potential to cause haemorrhag-
ic cystitis in the short and medium term 
and transitional cell carcinoma in the 
long term (36, 48). Mesna [2-Mercap-
tonethanesulfonate sodium (Na)] binds 
to the metabolites, converting them into 
harmless substances, and should be 
administered to all patients using the 
pulsed regimen of cyclophosphamide. 
Other simpler measures to protect the 
urothelium include ensuring adequate 
water intake on the day of the pulse, 
thus diluting the toxic metabolites.

Other quality indicators
Co-morbidity screening: Patients with 
systemic vasculitis should be screened 
for co-morbidities including hyperten-
sion, type 2 diabetes mellitus, oste-
oporosis, malignancy and cardiovascu-
lar disease (52, 53).
Drug monitoring: Immunomodulatory 
drugs require regular blood test moni-
toring for early detection of cytopae-
nia, liver and renal toxicity. In addi-
tion, all patients on cyclophosphamide 
must have urine analysis to detect non-
glomerular haematuria, which may be 
due to cystitis.
Patient education and counselling: All 
patients undergoing treatment should 
receive education and counselling 
about the condition and the drugs be-
ing used. Issues such as sperm storage 
and family planning should also be ad-
dressed when relevant.
Centres of excellence: Patients should 
be managed in close collaboration with 
expert centres, and patients with re-
fractory disease or needing specialist 
procedures (subglottic stenosis dilata-
tion, arterial bypass grafting for Taka-
yasu arteritis, etc.) should be referred 
to specialist centres. Development of 
standardized protocols and care path-
ways is to be encouraged and makes it 
easier for non-specialist centres to treat 
patients with vasculitis. 
Continuing education of physicians: 
Physicians treating vasculitis have an 
obligation to maintain their expertise.
Feedback: Patient satisfaction surveys 
and assessment of the quality of life of 
patients have not been discussed in de-
tail, but are being increasingly consid-
ered as a way of improving the clinical 
care for patients with vasculitis (70).

Management
Remission induction
There is good evidence for remission 
induction in WG. The evidence for the 
management of MPA and CSS is de-
rived from heterogeneous cohorts with-
out disease-specifi c sub-analysis, as 
well as extrapolation of our knowledge 
concerning WG. Remission induction 
with oral or intravenous cyclophospha-
mide combined with glucocorticoids 
is the standard of care in WG, and by 
default in MPA and CSS (56, 71). Con-
troversies remain regarding the choice 
for the route of administration and the 
exact treatment regimen.

1. Cyclophosphamide
(a) Oral vs. intravenous. Since the 

1980s oral cyclophosphamide 2 
mg/kg has been commonly used 
to induce remission in WG (56). 
In a RCT comparing pulsed high 
dose with continuous lower dose 
cyclophosphamide in WG, pulse 
therapy was at least as good for 
inducing remission as continuous 
therapy (12). The advantages of 
pulsed therapy include a lower 
incidence of adverse effects and 
a lower cumulative dose of cy-
clophosphamide. A meta-analy-
sis comparing the two regimens, 
which included patients with 
MPA and WG, arrived at a similar 
conclusion (71).

(b) Regimen for intravenous pulsed 
cyclophosphamide. In a RCT com-
paring intravenous cyclophospha-
mide (0.7 mg/m2 three times per 
week) vs. oral therapy (2 mg/kg/
day), the pulsed regimen had the 
same effi cacy as the oral regimen, 
but an increased risk of relapse 
(12). This problem may be over-
come by increasing the total dose 
administered in the fi rst 6 months 
(15). Results of a RCT of oral vs.
2 to 3 weekly intravenous pulses 
will shortly be available (72).

(c) Monitoring. Routine practice is to 
check blood and urine tests prior 
to pulse therapy; the dose is then 
adjusted downward or delayed in 
the event of neutropenia or hae-
maturia. In the case of oral cyclo-
phosphamide, monitoring should 
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be more intense in the initial stag-
es of the treatment (weekly to bi-
weekly) and then monthly. In the 
event of neutropenia or macro-
scopic haematuria, the dose must 
be either scaled down or withheld 
until the neutropenia is resolved 
and/or the cause of macroscopic 
haematuria is ascertained. All pa-
tients who have ever taken cyclo-
phosphamide should have regular 
lifelong checks of their urine cy-
tology, as bladder cancers can oc-
cur long after the discontinuation 
of therapy (36).

2. Glucocorticoids. Initially as mono-
therapy, and later in combination 
with immunosuppressive agents, 
glucocorticoids have been used to 
induce remission in WG since the 
1950s (73).
(a) Method of administration. Gluco-

corticoids have been used in three 
ways: initial intravenous pulsed 
methylprednisolone followed by 
tapering oral doses; oral therapy 
alone; and oral therapy punctuated 
by intervening intravenous pulsed 
therapy (usually at the same time 
as intravenous cyclophosphamide 
therapy). There is no evidence 
to suggest the superiority of one 
method over another.

(b) Dose. Clinical trials have used 
prednisolone orally at a dose of 
1 mg/kg for remission induction 
(16, 30, 31); Intravenous pulses 
have been given at a dose of 10 
mg/kg. There is evidence that 
maintaining a high initial dose 
of prednisolone (>20 mg/day) 
for at least 12 weeks reduces the 
risk of relapse in WG (15). The 
maintenance dose of prednisolo-
ne following the onset of remis-
sion should be ≤10 mg/day (30). 
There are no data for the use of 
long-term low-dose glucocorti-
coids. In some instances, it may 
not be possible to wean patients 
off glucocorticoids completely, 
either due to the resurgence of 
vasculitic symptoms or due to 
suppression of the hypothalamo-
pituitary axis.

3. Methotrexate. The use of methotrex-
ate has previously been restricted to 

patients who did not have immedi-
ately life-threatening disease (11). In 
a recent trial, methotrexate (20 to 25 
mg/kg/week) has been shown to be 
equal to cyclophosphamide (2 mg/
kg/day orally) in its ability to induce 
remission in patients without signifi -
cant renal involvement (16). The use 
of methotrexate in patients with se-
vere renal disease is precluded by the 
nephrotoxicity of the drug (74).

4. Refractory disease. Patients who fail 
to respond to cyclophosphamide and 
methotrexate should be referred to 
centres with expertise in managing 
vasculitis. Alternative immunomod-
ulatory treatments include 15-deox-
yspergualin, infl iximab, intravenous 
immunoglobulin, mycophenolate 
mofetil, plasma exchange and ritux-
imab (75-80). A trial comparing 
plasma exchange vs. pulsed methyl 
prednisolone (in addition to cyclo-
phosphamide and corticosteroid) in 
patients with severe renal involve-
ment demonstrates the benefi t of 
plasma exchange over methylpred-
nisolone in improving renal survival 
in AAV (72). 

Remission maintenance
The toxicity and neoplastic potential 
of cyclophosphamide has encouraged 
clinical investigation into safer remis-
sion maintenance therapies.
1. Azathioprine. In a RCT of azathio-

prine 2 mg/kg/day vs. oral cyclo-
phosphamide 1.5 mg/kg/day, equal 
effi cacy with lower adverse effects 
was demonstrated in the azathio-
prine arm (30). Azathioprine does 
not carry the neoplastic potential of 
cyclophosphamide, and can be used 
long-term for the maintenance of re-
mission in AAV.

2. Alternative remission maintenance 
agents
(a) Lefl unomide. A RCT of lefl uno-

mide 30 mg/day vs. oral meth-
otrexate shows a higher relapse 
rate with methotrexate than lefl u-
nomide (38). 

(b) Methotrexate. In an open-label 
follow-up study of patients with 
WG, the relapse rate of 52% at 
32 months with oral methotrex-
ate 20-25 mg/week appears to 

be comparable with other studies 
(29) (Fig. 2).

3. Length of remission maintenance 
therapy. Long-term remission main-
tenance therapy in other rheumatic 
disorders has not generally been a 
cause of concern. The use of a po-
tentially carcinogenic drug in cyclo-
phosphamide has meant that, tradi-
tionally, treatment has been stopped 
at some point of time after remission 
maintenance. The CYCAZAREM 
trial continued for 18 months, and 
the low relapse rates in that trial 
(18% for WG and 8% for MPA at 
18 months) suggest that treatment 
should be continued for at least 18 
months following the onset of re-
mission, if not longer (30).

In this review, we have mainly dis-
cussed WG, because disease-specifi c 
evidence is lacking for MPA and CSS. 
There have been several RCTs that in-
cluded patients with MPA and CSS, but 
disease-specifi c interpretation of the 
results has been diffi cult (Table III). 
There is evidence from cohort studies 
of the benefi ts of immunosuppression 
in MPA and CSS (20, 33).

Standards for clinical trials
The evidence base for the management 
of vasculitis remains unsatisfactory, 
due to the lack of standardized out-
comes and conduct of clinical trials. 
Recently published guidelines (9) sug-
gest the following points to consider 
in designing future clinical trials and 
studies in vasculitis:
1. Standardized defi nition of disease cat-

egory, e.g., localized vs. generalised.
2. Standardized defi nition of disease 

state, e.g., remission as defi ned by a 
specifi ed score on a validated clini-
cal assessment tool, below a speci-
fi ed dose of prednisolone and main-
tained for a specifi ed length of time.

3. Uniform method of clinical assess-
ment with a validated clinical as-
sessment tool, e.g., BVAS.

4. Performance of disease-specifi c sub-
analysis when the cohort contains a 
heterogeneous population.

5. Adequate testing of biomarkers, e.g.,
ANCA, at regular time points and at 
remission and relapse.
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Conclusions
Modern management of AAV has re-
sulted in signifi cantly improved sur-
vival; remission is achieved in 90% of 
all patients. There is a robust evidence 
base for the management of WG, but in 
light of the differences in the behaviour 
of WG and MPA, future trials should 
attempt disease-specifi c sub-analysis. 
Cyclophosphamide or methotrexate, 
each in combination with glucocor-
ticoids, form the fi rst-line therapy in 

patients with AAV, depending on the 
presence or absence of organ- or life-
threatening disease. For patients who 
are refractory to these therapies, early 
referral should be considered to spe-
cialist centres for the possibility of en-
rolling them into clinical trials. The on-
going monitoring of patients is perhaps 
as important, if not more important, 
than the initial quick recognition and 
treatment of the disease. Relapse is an 
unfortunate reality of these conditions 

and the early recognition of relapsing 
disease is important to prevent morbid-
ity and the accumulation of damage. 
Structured clinical examination and a 
multidisciplinary assessment of these 
patients will assist in the early recog-
nition of relapsing disease as well as 
complications of therapy, e.g., osteo-
porosis, type 2 diabetes mellitus, etc. 
Patients treated with cyclophosphamide 
have developed bladder cancer many 
years after the cessation of therapy, and 

Table III. RCTs of MPA and CSS.

Trial Patients Intervention Outcome Conclusion

The difference was not statistically
MPA – 60 AZA 2 mg/kg/day Relapse rate 15.5 % at 18 months signifi cant. There was no disease-specifi c  

Jayne 2003 (30)    sub-analysis for each arm, but for the whole  
WG – 95 CYC 1.5 mg/kg/day Relapse rate 13.7% at 18 months  cohort the relapse rate was lower for MPA 

    (8%) than for WG (18%) [p = 0.03].

PAN – 12 IV CYC 2 weekly for a month, 74% remission in MPA, 22%
 MPA – 19 then 4 weekly, for 6 pulses; relapse at 3 years

no remission maintenance  There was no difference in the remission
(FFS > 0) therapy (N = 31)  induction potential of 6 vs. 12 pulses [P =

Guillevin 2003 (17)    0.73]. The relapse rate was higher in patients
PAN – 6 IV CYC 2 weekly for a month, 86% remission in MPA, who were treated for less time [P = 0.02].
MPA – 28 then 4 weekly, for 12 pulses; 66% relapse at 3 years The dose of CYC was not specifi ed.

  no remission maintenance
(FFS > 0) therapy (N = 34)

  PAN + MPA  Prednisolone 1 mg/kg/day + 75% sustained remission for 18
 (N = 6) oral CYC 2 mg/kg/day for 12 months at 61 months
 CSS (N = 6) months  Long-term sustained remission was possible 
     with both therapies. No disease-specifi c
Gayraud 1997 (81) (FFS = 0)   subanalysis. For CSS the number of patients 

PAN + MPA Prednisolone 1 mg/kg/day + 77% sustained remission for 18 was too small to make any meaningful
(N = 11)  intravenous CYC 0.6 g/m2 months at 60 months  conclusions.
CSS (N = 2)  monthly for 12 months
(FFS = 0)    

  PAN, MPA,  Prednisolone 1 mg/kg/day + 57% sustained remission for 18 
 CSS (N = 28) intravenous CYC 0.6 g/m2 months Both combinations could produce sustained
  for 12 months  remissions in this subset of patients. As
 (FFS > 0)      survival at 5 years was equal in both groups,
Guillevin 1995 (82) PAN, MPA, Prednisolone 1 mg/kg/day + 65% sustained remission for 18 PE has no survival benefi t over a combina-

CSS (N = 34) intravenous CYC 0.6 g/m2 + months tion of prednisolone and CYC. No disease-
  PE for 12 months  specifi c sub-analysis.

(FFS > 0)

  PAN, MPA,  Prednisolone 1 mg/kg/day 78% remission, 36% relapse PE had no advantage as fi rst-line therapy
 CSS (N = 36) + PE  in comparison with glucocorticoid 
Guillevin 1992 (83)    monotherapy in this subset of patients. No  

PAN, MPA, Prednisolone 1 mg/kg/day 83% remission, 23% relapse disease-specifi c sub-analysis.
CSS (N = 42) 

  PAN + HBV,  Prednisolone 1 mg/kg/day + 90% remission, 43% relapse 
 MPA, CSS   PE for 12 months  
 (N = 39)   In this subset of patients the addition of CYC
Guillevin 1991 (84)    produced a signifi cant reduction in relapse

PAN + HBV,  Prednisolone 1 mg/kg/day + 94% remission, 10% relapse rates. No disease-specifi c sub-analysis.
 MPA, CSS  PE + CYC 2 mg/kg/day for
 (N = 32) 12 months

AZA: azathioprine; CSS: Churg-Strauss syndrome; CYC: cyclophosphamide; FFS: fi ve-factor score; HBV: hepatitis B virus; IV: intravenous; MPA: micro-
scopic polyangiitis; PAN: polyarteritis nodosa; PE: plasma exchange; WG: Wegener’s granulomatosis.
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urinary cytology monitoring is manda-
tory for these patients in the long term. 
With improving data emerging from 
collaborative clinical trials, these rec-
ommendations and quality benchmarks 
will require regular updating.

References
  1. ZEEK PM: Periarteritis nodosa; A critical re-

view. Am J Clin Pathol 1952; 22: 777-90.Am J Clin Pathol 1952; 22: 777-90.Am J Clin Pathol
  2. HAGEN EC, DAHA MR, HERMANS J et al.: 

Diagnostic value of standardized assays for 
anti-neutrophil cytoplasmic antibodies in idi-
opathic systemic vasculitis. EC/BCR Project 
for ANCA Assay Standardization. Kidney Int
1998; 53: 743-53.

  3. REINHOLD-KELLER E, HERLYN K, WAGNER-
BASTMEYER R, GROSS WL: Stable incidence 
of primary systemic vasculitides over fi ve 
years: Results from the German vasculitis 
register. Arthritis Rheum 2005; 53: 93-9.

  4. GONZALEZ-GAY MA, GARCIA-PORRUA C, 
GUERRERO J, RODRIGUEZ-LEDO P, LLORCA 
J: The epidemiology of the primary systemic 
vasculitides in northwest Spain: Implications 
of the Chapel Hill Consensus Conference def-
initions. Arthritis Rheum 2003; 49: 388-93.

  5. WATTS RA, LANE S, SCOTT DG: What is 
known about the epidemiology of the vascu-
litides? Best Pract Res Clin Rheumatol 2005; Best Pract Res Clin Rheumatol 2005; Best Pract Res Clin Rheumatol
19: 191-207.

  6. REINHOLD-KELLER E, KEKOW J, SCHNABEL
A et al.: Infl uence of disease manifestation 
and antineutrophil cytoplasmic antibody titer 
on the response to pulse cyclophosphamide 
therapy in patients with Wegener’s granulo-
matosis. Arthritis Rheum 1994; 37: 919-24.

  7. REINHOLD-KELLER E, BEUGE N, LATZA UREINHOLD-KELLER E, BEUGE N, LATZA UREINHOLD-KELLER E, BEUGE N, LATZA  et 
al.: An interdisciplinary approach to the care 
of patients with Wegener’s granulomatosis: 
Long-term outcome in 155 patients. Arthritis 
Rheum 2000; 43: 1021-32.

  8. JAYNE D: Update on the European Vasculi-
tis Study Group trials. Curr Opin Rheumatol
2001; 13: 48-55.

  9. HELLMICH B, FLOSSMANN O, GROSS WL et 
al.: EULAR recommendations for conduct-
ing clinical studies and/or clinical trials in 
systemic vasculitis: focus on anti-neutrophil 
cytoplasm antibody-associated vasculitis. 
Ann Rheum Dis 2006; 66: 605-17.

10. HOFFMAN GS, KERR GS, LEAVITT RY et al.: 
Wegener granulomatosis: An analysis of 158 
patients. Ann Intern Med 1992; 116: 488-98.Ann Intern Med 1992; 116: 488-98.Ann Intern Med

11. SNELLER MC, HOFFMAN GS, TALAR-          
WILLIAMS C, KERR GS, HALLAHAN CW, 
FAUCI AS: An analysis of forty-two Wege-
ner’s granulomatosis patients treated with 
methotrexate and prednisone. Arthritis 
Rheum 1995; 38: 608-13.

12. GUILLEVIN L, CORDIER JF, LHOTE F et al.: 
A prospective, multicenter, randomized trial 
comparing steroids and pulse cyclophospha-
mide versus steroids and oral cyclophospha-
mide in the treatment of generalized Wege-
ner’s granulomatosis. Arthritis Rheum 1997; 
40: 2187-98.

13. AASAROD K, IVERSEN BM, HAMMERSTROM 
J, BOSTAD L, VATTEN L, JORSTAD S: Wegen-
er’s granulomatosis: Clinical course in 108 
patients with renal involvement. Nephrol 
Dial Transplant 2000; 15: 611-8.Dial Transplant 2000; 15: 611-8.Dial Transplant

14. BOLLEY R, MISTRY-BURCHARDI N, SAMT-
LEBEN W: Wegener granulomatosis and mi-
croscopic polyangiitis. Diagnostic and clini-
cal results in 54 patients with long-term fol-
low-up. Dtsch Med Wochenschr 2000; 125: 
1519-25.

15. KOLDINGSNES W, NOSSENT JC: Baseline 
features and initial treatment as predictors of 
remission and relapse in Wegener’s granulo-
matosis. J Rheumatol 2003; 30: 80-8.J Rheumatol 2003; 30: 80-8.J Rheumatol

16. DE GROOT K, RASMUSSEN N, BACON PA et 
al.: Randomized trial of cyclophosphamide 
versus methotrexate for induction of remis-
sion in early systemic antineutrophil cyto-
plasmic antibody-associated vasculitis. Ar-
thritis Rheum 2005; 52: 2461-9.

17. GUILLEVIN L, COHEN P, MAHR A et al.: 
Treatment of polyarteritis nodosa and micro-
scopic polyangiitis with poor prognosis fac-
tors: A prospective trial comparing glucocor-
ticoids and six or twelve cyclophosphamide 
pulses in sixty-fi ve patients. Arthritis Rheum
2003; 49: 93-100.

18. HOGAN SL, FALK RJ, CHIN H et al.: Predic-
tors of relapse and treatment resistance in 
antineutrophil cytoplasmic antibody-associ-
ated small-vessel vasculitis. Ann Intern Med
2005; 143: 621-31.

19. SOLANS R, BOSCH JA, PEREZ-BOCANEGRA
C et al.: Churg-Strauss syndrome: outcome 
and long-term follow-up of 32 patients. 
Rheumatology (Oxford) 2001; 40: 763-71.

20. GUILLEVIN L, COHEN P, GAYRAUD M, 
LHOTE F, JARROUSSE B, CASASSUS P: 
Churg-Strauss syndrome. Clinical study and 
long-term follow-up of 96 patients. Medicine 
(Baltimore) 1999; 78: 26-37.

21. HELLMICH B, FLOSSMANN O, GROSS WL et 
al.: EULAR recommendations for conduct-
ing clinical studies and/or clinical trials in 
systemic vasculitis: Focus on ANCA-asso-
ciated vasculitis. Ann Rheum Dis 2007; 66: 
605-17.

22. LUQMANI RA, BACON PA, MOOTS RJ et 
al.: Birmingham Vasculitis Activity Score 
(BVAS) in systemic necrotizing vasculitis. 
QJM 1994; 87: 671-8.

23. GAYRAUD M, GUILLEVIN L, LE TOUMELIN
P et al.: Long-term follow-up of polyarteri-
tis nodosa, microscopic polyangiitis, and 
Churg-Strauss syndrome: analysis of four 
prospective trials including 278 patients. Ar-
thritis Rheum 2001; 44: 666-75.

24. REINHOLD-KELLER E, DE GROOT K, RUD-
ERT H, NOLLE B, HELLER M, GROSS WL: 
Response to trimethoprim/sulfamethoxazole 
in Wegener’s granulomatosis depends on the 
phase of disease. QJM 1996; 89: 15-23.QJM 1996; 89: 15-23.QJM

25. STEGEMAN CA, TERVAERT JW, DE JONG PE, 
KALLENBERG CG: Trimethoprim-sulfam-
ethoxazole (co-trimoxazole) for the preven-
tion of relapses of Wegener’s granulomato-
sis. Dutch Co-Trimoxazole Wegener Study 
Group. N Engl J Med 1996; 335: 16-20.N Engl J Med 1996; 335: 16-20.N Engl J Med

26. HAUBITZ M, KOCH KM, BRUNKHORST R: 
Survival and vasculitis activity in patients 
with end-stage renal disease due to Wege-
ner’s granulomatosis. Nephrol Dial Trans-
plant 1998; 13: 1713-8.plant 1998; 13: 1713-8.plant

27. BOOMSMA MM, STEGEMAN CA, VAN DER
LEIJ MJ et al.: Prediction of relapses in We-
gener’s granulomatosis by measurement of 
antineutrophil cytoplasmic antibody levels: a 
prospective study. Arthritis Rheum 2000; 43: 

2025-33.
28. FAUCHAIS AL, MICHON-PASTUREL M, RUG-

ALE C et al.: [Wegener’s granulomatosis in 
the elderly patient]. Rev Med Interne 2001; 
22: 127-31.

29. LANGFORD CA, TALAR-WILLIAMS C, BAR-
RON KS, SNELLER MC: Use of a cyclophos-
phamide-induction methotrexate-mainten-
ance regimen for the treatment of Wegener’s 
granulomatosis: Extended follow-up and rate 
of relapse. Am J Med 2003; 114: 463-9.Am J Med 2003; 114: 463-9.Am J Med

30. JAYNE D, RASMUSSEN N, ANDRASSY KJAYNE D, RASMUSSEN N, ANDRASSY KJAYNE D, RASMUSSEN N, ANDRASSY  et 
al.: A randomized trial of maintenance ther-
apy for vasculitis associated with antineu-
trophil cytoplasmic autoantibodies. N Engl J 
Med 2003; 349: 36-44.Med 2003; 349: 36-44.Med

31. WEGENER’S GRANULOMATOSIS ETANERCEPT 
TRIAL (WGET) RESEARCH GROUP: Etanercept 
plus standard therapy for Wegener’s granulo-
matosis. N Engl J Med 2005; 352: 351-61.N Engl J Med 2005; 352: 351-61.N Engl J Med

32. PAVONE L, GRASSELLI C, CHIERICI E et al.: 
Outcome and prognostic factors during the 
course of primary small-vessel vasculitides.
J Rheumatol 2006; 33: 1299-306.J Rheumatol 2006; 33: 1299-306.J Rheumatol

33. GUILLEVIN L, DURAND-GASSELIN B, 
CEVALLOS R et al.: Microscopic polyangiitis: 
clinical and laboratory fi ndings in eighty-fi ve 
patients. Arthritis Rheum 1999; 42: 421-30.

34. LAUQUE D, CADRANEL J, LAZOR R et al.: 
Microscopic polyangiitis with alveolar hem-
orrhage. A study of 29 cases and review of 
the literature. Groupe d’Etudes et de Recher-
che sur les Maladies “Orphelines” Pulmo-
naires (GERM”O”P). Medicine (Baltimore)
2000; 79: 222-33.

35. METZLER C, HELLMICH B, GAUSE A, GROSS 
WL, DE GROOT K: Churg Strauss syndrome 
– Successful induction of remission with 
methotrexate and unexpected high cardiac 
and pulmonary relapse ratio during mainte-
nance treatment. Clin Exp Rheumatol 2004; Clin Exp Rheumatol 2004; Clin Exp Rheumatol
22 (Suppl. 36): S52-61.

36. TALAR-WILLIAMS C, HIJAZI YM, WALTHER
MM et al.: Cyclophosphamide-induced cys-
titis and bladder cancer in patients with We-
gener granulomatosis. Ann Intern Med 1996; Ann Intern Med 1996; Ann Intern Med
124: 477-84.

37. LANGFORD CA, TALAR-WILLIAMS C, SNEL-
LER MC: Mycophenolate mofetil for remis-
sion maintenance in the treatment of Wege-
ner’s granulomatosis. Arthritis Rheum 2004 
Apr 15; 51: 278-83.

38. METZLER C, MIEHLE N, MANGER K et al.: 
Elevated relapse rate under oral methotrex-
ate versus lefl unomide for maintenance of 
remission in Wegener’s granulomatosis. 
Rheumatology (Oxford) 2007; 46: 1087-91.

39. SLOT MC, TERVAERT JW, BOOMSMA MM, 
STEGEMAN CA: Positive classic antineu-
trophil cytoplasmic antibody (C-ANCA) titer 
at switch to azathioprine therapy associated 
with relapse in proteinase 3-related vasculi-
tis. Arthritis Rheum 2004; 51: 269-73.

40. STEGEMAN CA, TERVAERT JW, SLUITER WJ, 
MANSON WL, DE JONG PE, KALLENBERG
CG: Association of chronic nasal carriage of 
Staphylococcus aureus and higher relapse 
rates in Wegener granulomatosis. Ann Intern 
Med 1994; 120: 12-7.Med 1994; 120: 12-7.Med

41. PFISTER H, OLLERT M, FROHLICH LF et al.: 
Antineutrophil cytoplasmic autoantibodies 
against the murine homolog of proteinase 
3 (Wegener autoantigen) are pathogenic in 
vivo. Blood 2004; 104: 1411-8.vivo. Blood 2004; 104: 1411-8.vivo. Blood



S-129

Quality measures in vasculitis / C. Mukhtyar & R. Luqmani

42. KOLDINGSNES W, NOSSENT H: Predictors 
of survival and organ damage in Wegener’s 
granulomatosis. Rheumatology (Oxford)
2002; 41: 572-81.

43. BLIGNY D, MAHR A, TOUMELIN PL, MOU-
THON L, GUILLEVIN L: Predicting mortal-
ity in systemic Wegener’s granulomatosis: 
A survival analysis based on 93 patients. Ar-
thritis Rheum 2004; 51: 83-91.

44. BOURGARIT A, LE TOUMELIN P, PAGNOUX C
et al.: Deaths occurring during the fi rst year 
after treatment onset for polyarteritis nodosa, 
microscopic polyangiitis, and Churg-Strauss 
syndrome: A retrospective analysis of causes 
and factors predictive of mortality based on 
595 patients. Medicine (Baltimore) 2005; 84: 
323-30.

45. ALLEN A, PUSEY C, GASKIN G: Outcome of 
renal replacement therapy in antineutrophil 
cytoplasmic antibody-associated systemic vas-
culitis. J Am Soc Nephrol 1998; 9: 1258-63.J Am Soc Nephrol 1998; 9: 1258-63.J Am Soc Nephrol

46. BAKOUSH O, SEGELMARK M, TORFFVIT O, 
OHLSSON S, TENCER J: Urine IgM excretion 
predicts outcome in ANCA-associated renal 
vasculitis. Nephrol Dial Transplant 2006; Nephrol Dial Transplant 2006; Nephrol Dial Transplant
21: 1263-9.

47. LANE SE, WATTS RA, SHEPSTONE L, SCOTT
DG: Primary systemic vasculitis: Clinical fea-
tures and mortality. QJM 2005; 98: 97-111.QJM 2005; 98: 97-111.QJM

48. STILLWELL TJ, BENSON RC JR, DEREMEE 
RA, MCDONALD TJ, WEILAND LH: Cyclo-
phosphamide-induced bladder toxicity in 
Wegener’s granulomatosis. Arthritis Rheum
1988; 31: 465-70.

49. KNIGHT A, ASKLING J, EKBOM A: Cancer 
incidence in a population-based cohort of 
patients with Wegener’s granulomatosis. Int 
J Cancer 2002; 100: 82-5.

50. KNIGHT A, ASKLING J, GRANATH F, SPAREN 
P, EKBOM A: Urinary bladder cancer in We-
gener’s granulomatosis: Risks and relation 
to cyclophosphamide. Ann Rheum Dis 2004; 
63: 1307-11.

51. PANKHURST T, SAVAGE CO, GORDON C, 
HARPER L: Malignancy is increased in 
ANCA-associated vasculitis. Rheumatology 
(Oxford) 2004; 43: 1532-5.

52. SEO P, MIN YI, HOLBROOK JT et al.: Damage 
caused by Wegener’s granulomatosis and its 
treatment: Prospective data from the Wegen-
er’s granulomatosis Etanercept Trial (WGET). 
Arthritis Rheum 2005; 52: 2168-78.

53. EXLEY AR, CARRUTHERS DM, LUQMANI
RA et al.: Damage occurs early in systemic 
vasculitis and is an index of outcome. QJM
1997; 90: 391-9.

54. WALTON EW: Giant-cell granuloma of the 
respiratory tract (Wegener’s granulomato-
sis). Br Med J 1958 Aug. 2: 265-70.Br Med J 1958 Aug. 2: 265-70.Br Med J

55. WESTMAN KW, SELGA D, ISBERG PE, BLAD-
STROM A, OLSSON H: High proteinase 3-anti-
neutrophil cytoplasmic antibody (ANCA) 
level measured by the capture enzyme-linked 
immunosorbent assay method is associated 
with decreased patient survival in ANCA-as-
sociated vasculitis with renal involvement. J 
Am Soc Nephrol 2003; 14: 2926-33.Am Soc Nephrol 2003; 14: 2926-33.Am Soc Nephrol

56. FAUCI AS, HAYNES BF, KATZ P, WOLFF SM: 
Wegener’s granulomatosis: Prospective clini-
cal and therapeutic experience with 85 pa-
tients for 21 years. Ann Intern Med 1983; 98: Ann Intern Med 1983; 98: Ann Intern Med
76-85.

57. LE THI HUONG D, WECHSLER B, DE GENNES
C et al.: [Evolutive and prognostic aspects of 
Wegener’s granulomatosis]. Rev Rhum Mal 
Osteoartic 1989; 56: 583-8.

58. LITTLE MA, NAZAR L, FARRINGTON K: Out-
come in glomerulonephritis due to systemic 
small vessel vasculitis: Effect of functional 
status and non-vasculitic co-morbidity. Ne-
phrol Dial Transplant 2004; 19: 356-64.phrol Dial Transplant 2004; 19: 356-64.phrol Dial Transplant

59. REID AJ, HARRISON BD, WATTS RA, WATKIN 
SW, MCCANN BG, SCOTT DG: Churg-Strauss 
syndrome in a district hospital. QJM 1998; QJM 1998; QJM
91: 219-29.

60. HAAS C, LE JEUNNE C, CHOUBRAC P, DU-
RAND H, HUGUES FC: [Churg-Strauss syn-
drome. Retrospective study of 20 cases]. Bull 
Acad Natl Med 2001; 185: 1113-30; discussion Acad Natl Med 2001; 185: 1113-30; discussion Acad Natl Med
30-3.

61. HATTORI N, MORI K, MISU K, KOIKE H, 
ICHIMURA M, SOBUE G: Mortality and mor-
bidity in peripheral neuropathy associated 
Churg-Strauss syndrome and microscopic 
polyangiitis. J Rheumatol 2002; 29: 1408-14.J Rheumatol 2002; 29: 1408-14.J Rheumatol

62. BACON PA: The spectrum of Wegener’s 
granulomatosis and disease relapse. N Engl 
J Med 2005; 352: 330-2.J Med 2005; 352: 330-2.J Med

63. EXLEY AR, BACON PA, LUQMANI RA et al.: 
Development and initial validation of the 
Vasculitis Damage Index for the standard-
ized clinical assessment of damage in the 
systemic vasculitides. Arthritis Rheum 1997; 
40: 371-80.

64. GUILLEVIN L, LHOTE F, GAYRAUD M et al.: 
Prognostic factors in polyarteritis nodosa 
and Churg-Strauss syndrome. A prospective 
study in 342 patients. Medicine (Baltimore)
1996; 75: 17-28.

65. FRIES JF, HUNDER GG, BLOCH DA et al.: The 
American College of Rheumatology 1990 
criteria for the classifi cation of vasculitis. 
Summary. Arthritis Rheum 1990; 33: 1135-6.

66. RAO JK, ALLEN NB, PINCUS T: Limitations of 
the 1990 American College of Rheumatology 
classifi cation criteria in the diagnosis of vas-
culitis. Ann Intern Med 1998; 129: 345-52.Ann Intern Med 1998; 129: 345-52.Ann Intern Med

67. CHUNG JB, ARMSTRONG K, SCHWARTZ JS, 
ALBERT D: Cost-effectiveness of prophy-
laxis against Pneumocystis carinii pneumo-
nia in patients with Wegner’s granulomatosis 
undergoing immunosuppressive therapy. Ar-
thritis Rheum 2000; 43: 1841-8.

68. THE ROYAL COLLEGE OF PHYSICIANS, THE BONE 
AND TOOTH SOCIETY OF GREAT BRITAIN, THE 
NATIONAL OSTEOPOROSIS SOCIETY: Glucocor-
ticoid-Induced Osteoporosis. Sudbury, The 
Lavenham Press Ltd., 2002.

69. AMERICAN COLLEGE OF RHEUMATOLOGY AD 
HOC COMMITTEE ON GLUCOCORTICOID-INDUCED 
OSTEOPOROSIS: Recommendations for the pre-
vention and treatment of glucocorticoid-in-
duced osteoporosis: 2001 update. American 
College of Rheumatology Ad Hoc Commit-
tee on Glucocorticoid-Induced Osteoporosis. 
Arthritis Rheum 2001; 44: 1496-503.

70. SEO P, LUQMANI RA, FLOSSMANN O et al.: 
The future of damage assessment in vasculi-
tis. J Rheumatol 2007; 34: 1357-71.J Rheumatol 2007; 34: 1357-71.J Rheumatol

71. DE GROOT K, ADU D, SAVAGE CO: The value 
of pulse cyclophosphamide in ANCA-asso-
ciated vasculitis: meta-analysis and critical 
review. Nephrol Dial Transplant 2001; 16: Nephrol Dial Transplant 2001; 16: Nephrol Dial Transplant
2018-27.

72. EUVAS: Completed clinical trials. 2007 Febru-
ary 22 [cited 2007 April 27]; Available from: 
http://www.vasculitis.org/comptrials.htm

73. BEIDLEMAN B: Wegener’s granulomatosis; 
Prolonged therapy with large doses of ster-
oids. JAMA 1963; 186: 827-30.

74. British National Formulary. 2007 [cited 2007 
July 20]; 53:[Available from: http://www.
bnf.org/bnf/bnf/current/126016.htm?q=%22
methotrexate%22#_hit

75. JOY MS, HOGAN SL, JENNETTE JC, FALK RJ, 
NACHMAN PH: A pilot study using mycophe-
nolate mofetil in relapsing or resistant ANCA 
small vessel vasculitis. Nephrol Dial Trans-
plant 2005; 20: 2725-32.plant 2005; 20: 2725-32.plant

76. JAYNE DR, CHAPEL H, ADU D et al.: Intrave-
nous immunoglobulin for ANCA-associated 
systemic vasculitis with persistent disease 
activity. QJM 2000; 93: 433-9.QJM 2000; 93: 433-9.QJM

77. KLEMMER PJ, CHALERMSKULRAT W, REIF 
MS, HOGAN SL, HENKE DC, FALK RJ: Plas-
mapheresis therapy for diffuse alveolar hem-
orrhage in patients with small-vessel vasculi-
tis. Am J Kidney Dis 2003; 42: 1149-53.

78. BOOTH A, HARPER L, HAMMAD T et al.: Pro-
spective study of TNF-alpha blockade with 
infl iximab in anti-neutrophil cytoplasmic an-
tibody-associated systemic vasculitis. J Am 
Soc Nephrol 2004; 15: 717-21.Soc Nephrol 2004; 15: 717-21.Soc Nephrol

79. BIRCK R, WARNATZ K, LORENZ HM et al.: 
15-Deoxyspergualin in patients with refrac-
tory ANCA-associated systemic vasculitis: A 
six-month open-label trial to evaluate safety 
and effi cacy. J Am Soc Nephrol 2003; 14: J Am Soc Nephrol 2003; 14: J Am Soc Nephrol
440-7.

80. KEOGH KA, WYLAM ME, STONE JH, SPECKS
U: Induction of remission by B lymphocyte 
depletion in eleven patients with refractory 
antineutrophil cytoplasmic antibody-associ-
ated vasculitis. Arthritis Rheum 2005; 52: 
262-8.

81. GAYRAUD M, GUILLEVIN L, COHEN P et al: 
Treatment of good-prognosis polyarteritis no-
dosa and Churg-Strauss syndrome: compari-
son of steroids and oral or pulse cyclophos-
phamide in 25 patients. French Cooperative 
Study Group for Vasculitides. Br J Rheumatol 
1997; 36: 1290-7.

82. GUILLEVIN L, LHOTE F, COHEN P et al.: Cor-
ticosteroids plus pulse cyclophosphamide 
and plasma exchanges versus corticosteroids 
plus pulse cyclophosphamide alone in the 
treatment of polyarteritis nodosa and Churg-
Strauss syndrome patients with factors pre-
dicting poor prognosis. A prospective, rand-
omized trial in sixty-two patients. Arthritis 
Rheum 1995; 38: 1638-45.

83. GUILLEVIN L, FAIN O, LHOTE F et al.: Lack 
of superiority of steroids plus plasma ex-
change to steroids alone in the treatment of 
polyarteritis nodosa and Churg-Strauss syn-
drome. A prospective, randomized trial in 78 
patients. Arthritis Rheum 1992; 35: 208-15.

84. GUILLEVIN L, JARROUSSE B, LOK C et al.:
Longterm followup after treatment of polyar-
teritis nodosa and Churg-Strauss angiitis with 
comparison of steroids, plasma exchange and 
cyclophosphamide to steroids and plasma 
exchange. A prospective randomized trial of 
71 patients. The Cooperative Study Group for 
Polyarteritis Nodosa. J Rheumatol 1991; 18: J Rheumatol 1991; 18: J Rheumatol
567-74.


