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ABSTRACT
Objectives  Patients with antineutrophil cytoplasmatic 
antibodies-associated vasculitides (AAV) exhibit higher 
mortality than the general population. In the current study, 
we assessed whether cluster affiliation based on clinical 
presentation might predict mortality.
Methods  With case record review, the outcomes for 
a population-based cohort of patients diagnosed with 
AAV in southern Sweden (catchment area of 0.7 million 
inhabitants) between 1997 and 2010 were assessed. 
Based on organ involvement at presentation, the cohort 
was stratified into the following clusters: gastrointestinal, 
cardiovascular, non-renal, renal with proteinase 3 (PR3) 
and renal without PR3. Cluster affiliation, demographics, 
clinical and laboratory values at entry were tested as 
prognostic factors for survival in multivariable models.
Results  195 patients (98 female) with a median age of 
69 years (IQR 55–77) at diagnosis were included in the 
cohort. The median time of follow-up was 4 years for the 
98 patients (50%) who died during follow-up and 11 years 
for those alive at end of follow-up. The 1-year, 2-year, 
5-year and 10-year survival was 87%, 82%, 70% and 
55%, respectively. Prognostic factors for survival were sex, 
age, renal function and cluster affiliation. The mortality of 
patients with AAV was significantly increased compared 
with the general population except in the non-renal cluster. 
The cardiovascular and gastrointestinal clusters showed 
the highest mortality.
Conclusion  Even though the mortality in patients with 
AAV is increased compared with the general population 
this does not apply to patients without gastrointestinal, 
cardiovascular or renal involvement at diagnosis. We 
suggest that the initial clinical presentation is an important 
predictor for survival.

Introduction
Antineutrophil cytoplasmatic antibodies 
(ANCA)-associated vasculitides (AAV) is a 
group of life-threatening diseases with unclear 
aetiology. The diseases consist of three disease 
phenotypes: granulomatosis with polyangiitis 
(GPA), microscopic polyangiitis (MPA) and 
eosinophilic granulomatosis with polyangiitis 
(EGPA) that all are characterised by inflam-
mation in small vessels and in most cases 
presence of antibodies against neutrophil 

granulae proteins (proteinase 3  (PR3) or 
myeloperoxidase).1 The main organs affected 
are the kidneys, lungs, ear–nose–throat and 
the skin but the symptoms and signs might 
vary and the diseases are often elusive and 
therefore a substantial amount of time might 
elapse before the diagnosis is established.2 
Without treatment, the survival is poor, with 
less than 80% surviving the first year.3 The 
introduction of immunosuppressive treat-
ment has improved the survival but mortality 
is still increased compared with the general 
population.4 5 We have previously assessed 
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Key messages

What is already known about this subject?
►► The mortality in patients with antineutrophil 
cytoplasmatic antibodies (ANCA)-associated 
vasculitis (AAV) is increased compared with the 
general population.

►► Older age, renal impairment, inflammatory 
activity, accumulated damage of the disease, 
hypoalbuminaemia, cardiomyopathy and pre-
existing comorbidities are all proposed risk factors 
for mortality in patients with AAV.

What does this study add?
►► Results from follow-up studies of patients with 
AAV participating in clinical trials are applicable to 
patients with AAV in ordinary practice.

►► The use of cluster affiliation as a classification tool in 
assessing the long-term outcome for patients with 
AAV is validated for the first time.

►► The mortality in patients with AAV still is increased 
compared with the general population, but this 
does not apply to patients without gastrointestinal, 
cardiovascular or renal involvement at presentation.

How might this impact on clinical practice?
►► Cluster affiliation constitutes a new approach to the 
prediction of mortality risk in individual patients with 
AAV. The model may easily be adopted and enable 
the treating physicians to inform their patients in a 
way that may be easily understood.
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the long-term outcome and predictors of death in 
patients with AAV, who had participated in one of four 
randomised trials organised by the European Vasculitis 
Study Group (EUVAS).6 In a randomised trial, there are 
several exclusion and inclusion criteria that have to be 
taken into account before generalising the results.7 Even 
though the EUVAS studies included a broad spectrum 
of patients with AAV, they excluded patients with EGPA, 
very elderly patients, those with life-threatening lung 
haemorrhage at the time of diagnosis and those who had 
a known previous malignancy.

The AAV diagnoses are heterogenic, with many over-
lapping features between GPA, MPA and EGPA, a fact that 
has recently led to the suggestion of using cluster analysis 
in the categorising of the diseases.8 Patients (n=715) with 
AAV who had participated in clinical trials (the EUVAS 
long-term follow-up study and the French WEGENT 
study6 9–13) were grouped together in five different clus-
ters based on their clinical similarities at presentation 
and the cluster affiliation correlated better with survival 
than the traditional way of dividing the AAV-group into 
the diagnoses of GPA, MPA or EGPA.

Recognising the consequences of selection of patients 
in clinical trials, our aim in the present study is to assess 
the long-term survival and predictors of death in a popu-
lation-based cohort of patients with AAV without any 
referral or exclusion bias.

We also aim to validate cluster affiliation as an addi-
tional parameter in the survival analysis as previously 
described by Mahr et al.8

Methods
Study design and participants
The outcomes for all incident cases with suspected AAV 
in a catchment area of approximately 0.7 million inhab-
itants in southern Sweden between 1997 and 2010 were 
assessed. All diagnoses were verified by case record review 
according to a predefined criteria described previously,14 
and patients were followed from time of presentation 
until death or 31  December 2015. Patients were classi-
fied into the three disease categories, GPA, MPA and 
EGPA, according to the European Medicines Agency 
algorithm.15 Since we wanted to include all consecutive 
patients, we decided to include also patients who had 
participated in the EUVAS trials reported in the long-
term follow-up.6 Causes of death were evaluated by review 
of case records when available, and the remaining were 
retrieved from the Causes of Death Register.

The study was done in accordance with the principles 
of the Declaration of Helsinki and was approved by the 
Ethical Review Board in Lund, Sweden (2010-517).

Baseline evaluation and treatment
Results from laboratory investigations at diagnosis 
included plasma creatinine, full blood count, platelets, 
C  reactive protein and ANCA serotype analysed with 
ELISA and capture-ELISA. According to then current 

guidelines used in Southern Sweden, the majority of 
patients received cyclophosphamide and glucocorticoids 
as induction treatment. Patients with creatinine  >500 
µmol/L (rapidly progressive glomerulonephritis) or 
pulmonary haemorrhage received plasma exchange and 
or intravenous methylprednisolone in addition to cyclo-
phosphamide as induction treatment. For those without 
systemic involvement, that is, exclusively upper respira-
tory involvement, induction therapy was methotrexate 
together with corticosteroids. As an alternative to cyclo-
phosphamide, from 2007, rituximab has been used in 
a few patients for induction of remission. After stable 
remission, the treatment was continued with azathio-
prine in the majority of patients.

Statistical analysis
The cases were divided into five clusters (A–E), based on 
clinical presentation at diagnosis, as described by Mahr 
et al8 and were gastrointestinal (E), cardiovascular (D), 
non-renal (A), renal with PR3 (B) and renal without PR3 
(C) characteristics.

Continuous variables are presented as medians with 
IQRs. Categorical variables are expressed as counts and 
frequencies. Survival was calculated using the Kaplan-
Meier method. The log-rank test was used to compare the 
overall patient survival with that of the Swedish general 
population matched for age, sex and calendar year, calcu-
lated with the Hakulinen method.16 Similar analyses were 
also performed for each cluster. We decided in advance 
to include the following parameters in a multivariable 
Cox regression analysis: sex, age, diagnosis, ANCA sero-
type and estimated glomerular filtration rate divided into 
chronic kidney disease (CKD) groups (1–2, 3, 4 and 5, 
respectively).17 In addition, we performed a Cox regres-
sion analysis using the variables, sex, age and cluster. In 
these analyses, the proportional hazards assumption was 
tested by the weighted scaled Schoenfield residuals test. 
If the proportional hazards assumption was not met, we 
constructed time-varying coefficients as described by 
Thomas and Reyes.18

Results
Demography
One hundred and ninety-five patients (98 female) with a 
median age of 69 years (55–77) at diagnosis fulfilled the 
inclusion criteria and were included in the study cohort. 
Among these, 94 (48%) were diagnosed with GPA, 90 
with MPA (46%) and 11 (6%) with EGPA. Diagnoses 
were biopsy proven in 172 patients and all were verified 
by case record review. Further demographic data are 
summarised in table 1. Of the patients included in this 
cohort, seven had also participated in the EUVAS long-
term follow-up study,6 four in the CYCLOPS study11 and 
three in the MEPEX study.12

Cluster affiliation and baseline characteristics are given 
in table 1. Clusters A–C are based on renal involvement 
and ANCA serotype and are without cardiovascular or 
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Figure 1  Patient survival overall (solid line) with 95% CI 
(grey area) compared with a sex-matched, age-matched and 
calendar year-matched general population (dashed line).

gastrointestinal symptoms. In the cardiovascular disease 
group, the symptoms were cardiomyopathy (n=1), heart 
failure (n=2), pericarditis (n=1), pericardial fluid (n=1), 
myocardial infarction (n=2) and new-onset atrial fibril-
lation (n=1). In the gastrointestinal disease group, the 
symptoms were severe abdominal pain (n=6), bloody 
diarrhoea (n=2), pancreatitis (n=1) and gut perforation 
(n=1).

Survival
The time of follow-up ranged between 2.3 and 18 years 
with a median time of 11 years for those who were alive at 
the end of 2015 and a median time of 4 years for patients 
who died during follow-up (range 0.3–17 years). The 
1-year, 2-year, 5-year and 10-year survival in the present 
study was 87%, 82%, 70% and 55%, respectively. In the 
AAV cohort, there was a significant increased mortality 
compared with the age-matched, sex-matched and 
calendar year-matched general population (figure  1). 
We observed 98 deaths but only 40 were expected in the 
general population (p<0.001, log-rank test). The survival 
for each cluster and their matched general population 
are presented in figure 2. For each of the clusters (A–E), 
the observed number of deaths were 12, 30, 40, 8 and 
8, respectively. The expected number of deaths in these 
clusters was 10.0, 11.0, 16.5, 0.8 and 2.2, respectively. All 
comparisons were significant (p<0.001), except for the 
non-renal cluster (p=0.527). The risk ratio for observed 
over expected deaths in cluster A was 1.20 (95% CI 0.65 
to 1.90, exact binomial test).

Predictors of death: multivariable and cluster analysis
Kaplan-Meier plots for survival by sex showed an initial 
higher mortality for men compared with women, but 
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Figure 2  Patient survival divided into clusters (black lines), each compared with a sex-matched, age-matched and calendar 
year-matched general population (red lines).

the two survival curves crossed at approximately 13 years 
(data not shown). As could be suspected from this plot, 
the proportional hazards assumption of a Cox model 
including sex was not fulfilled for this variable. Instead, 
when we divided the effects from sex into three strata 
((0–1.8), (1.8–8.5) and greater than 8.5 years) we were 
able to fulfil this criterion. Consequently, we used these 
strata in the analyses. Significant predictors of death eval-
uated with our first multivariable Cox regression analysis 
were advancing age, gender, CKD group 5, but not diag-
nosis or ANCA serotype (table  2). Compared with the 
CKD group 1–2, groups 3–5 had higher HRs, but only 
group 5   reached significance. In our second multivari-
able Cox regression analysis, advancing age, gender and 
cluster affiliation (table 3) were significant predictors.

Causes of death
A total of 98 deaths occurred during follow-up (50%). 
Of these, 66 cases (67%) were evaluated with case 
record review but the remaining 32 cases (33%) died 
unattended at home and the causes of death were only 
available through the death certificates in 26 cases, but 

in eight cases, with deaths occurring after the latest date 
of update for this registry, the death had to be classified 
as unknowns (table  4). The category miscellaneous in 
table 4 was used for five reported causes of death: respi-
ratory failure in two patients, suicide, hepatic failure and 
arteriovenous  fistula bleeding. Twenty-seven (28%) of 
the 98 deaths occurred during the first year after diag-
nosis with the main causes of death being active vasculitis 
in seven patients (six male and one female) and bacterial 
infection in five. After the first year of follow-up, the main 
causes of death were malignancy (14), bacterial infection 
(15) and cardiovascular disease in another 14 patients.

Discussion
This study, done in a population-based cohort of 
patients including all three diagnoses within the AAV 
spectrum, shows that patient survival is decreased 
compared with a matched general population. In addi-
tion, this is the first validation of the cluster affiliation 
model proposed by Mahr et al.8 Predictors of death in 
this study were increased age, decreased renal function 
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Table 2  HR of death in patients with AAV across 
subgroups identified by multivariable Cox regression

HR
LCL 
HR

UCL 
HR p Value

Female 1 (reference)

Male (0–1.85 years) 2.04 0.99 4.20 0.053

Male (1.85–8.5 years) 0.90 0.49 1.67 0.747

Male (>8.5 years) 0.35 0.13 0.94 0.036

Age (1-year increase) 1.09 1.07 1.12 <0.001

Diagnosis GPA 1 (reference)

Diagnosis EGPA 0.60 0.09 4.14 0.606

Diagnosis MPA 1.40 0.80 2.44 0.234

ANCA PR3 1 (reference)

ANCA MPO 0.94 0.57 1.54 0.807

ANCA negative 2.24 0.46 11.00 0.320

CKD 1–2 1 (reference)

CKD 3 1.14 0.56 2.36 0.713

CKD 4 1.75 0.89 3.45 0.108

CKD 5 2.51 1.30 4.83 0.006

AAV, ANCA-associated vasculitides; ANCA, antineutrophil 
cytoplasmatic antibodies; CKD, chronic kidney disease; 
EGPA, eosinophilic granulomatosis with polyangiitis; GPA, 
granulomatosis with polyangiitis; LCL, lower confidence limit; 
MPA, microscopic granulomatosis; MPO, myeloperoxidase; PR3, 
proteinase 3; UCL; upper confidence limit. 

Table 3  HR of death in patients with AAV across 
subgroups identified by cluster affiliation, multivariable Cox 
regression

HR
LCL 
HR

UCL 
HR p Value

Female 1 (reference)

Male (0–1.85 years) 1.89 0.92 3.90 0.084

Male (1.85–8.5 years) 0.84 0.46 1.55 0.582

Male (>8.5 years) 0.34 0.13 0.90 0.029

Age (1-year increase) 1.09 1.07 1.12 <0.001

Cluster A, non-renal 1 (reference)

Cluster B, renal with PR3 2.53 1.25 5.12 0.010

Cluster C, renal without 
PR3

2.70 1.34 5.46 0.005

Cluster D, cardiovascular 6.38 2.52 16.15 <0.001

Cluster E, gastrointestinal 3.98 1.52 10.39 0.005

Cluster affiliation for AAV (Mahr et al8) with nine clinical variables 
and ANCA specificity.
AAV, ANCA-associated vasculitis; ANCA, antineutrophil 
cytoplasmatic antibody; LCL, lower confidence limit; PR3 
proteinase 3; UCL; upper confidence limit.

and cluster affiliation with cluster affiliation as the 
strongest predictor.

Our survival results are consistent with previous studies 
both within the EUVAS clinical trials and others.5 19–21 

The 1-year, 2-year, 5-year and 10-year survival in the 
present study was 87%, 82%, 70% and 55%, respectively. 
In comparison the 1-year, 2-year and 5-year survival in 
the EUVAS follow-up cohort was 88%, 85% and 78%, 
respectively.6 As previously shown, the mortality is 
high during the first year after diagnosis, and consis-
tent with the results from the EUVAS follow-up cohort, 
the mortality risk was higher in younger patients when 
compared with an age-matched and gender-matched 
general population. The main specific causes of death 
during this period were active vasculitis and infections. 
We observed a higher mortality in men during the first 
1.85 years of follow-up and a higher mortality in women 
after 8.5 years of follow-up. We noted that of the seven 
deaths from vasculitis during the first 1.85 years, six 
were male and only one female, suggesting either more 
severe disease, not sufficiently aggressive immunosup-
pression or longer delay between first symptoms and 
contact with the healthcare system in males compared 
with females. The lower incidence of fatal infections 
during the first year may reflect the possibility of a 
more individualised immunosuppressive treatment 
in patients outside the protocol of a clinical trial. In 
elderly patients, the doses of immunosuppressive treat-
ment may be lower and more individualised compared 
with a protocol of a clinical trial. The median age of 
the patients in this cohort was 69 years, compared with 
61 years in the EUVAS trials.9–12 After the first year, the 
main causes of death were malignancy, bacterial infec-
tion and cardiovascular disease, which is consistent 
with the EUVAS long-term follow-up study.6

The subcategorisation of AAV into clusters (cardio-
vascular, gastrointestinal, non-renal, renal with PR3 and 
renal without PR3) stratifies the patients in different cate-
gories according to initial clinical presentation. Patients 
within the non-renal cluster do not exhibit any statisti-
cally significant difference in mortality compared with 
the general population. This is in contrast to all the other 
clusters. The highest mortality risk is seen in the cardio-
vascular and the gastrointestinal clusters. The increased 
mortality in patients with AAV with cardiovascular disease 
is also highlighted in a previous study from Hazebroek et 
al.22

The use of cluster analysis of patients with AAV has 
recently been described within the EUVAS study group 
and our results further validate the prognostic rele-
vance of this stratification.8 We observed very similar 
results in terms of mortality after having divided our 
cohort of patients into the five different clusters 
previously reported in a larger group of patients. 
This emphasises the suggestion that AAV can be seen 
as a phenotypic continuum and that the initial clin-
ical presentation may be better suited to subgroup 
of  the patients than traditional diagnoses and ANCA 
subtypes. The different clusters are mixes of patients 
diagnosed with GPA, MPA or EGPA. Patients with 
EGPA were not included in the previous study.8 In our 
study, patients with EGPA are represented in three of 
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Table 4  Causes of death

Time from diagnosis to death

Causes of death

0–1.85 years 1.85–8.5 years >8.5 years

Female Male Female Male Female Male

Vasculitis 1 6 0 0 1 0

Renal failure 2 4 2 1 1 0

Bacterial infection 2 3 5 5 2 3

Pneumocystis 1 0 0 0 1 0

Cardiovascular 3 4 5 5 3 2

Malignancy 0 4 7 2 1 1

Gastrointestinal 0 1 1 2 0 0

Dementia 0 0 1 1 2 0

Miscellaneous 0 1 0 2 2 0

Unknown 2 0 2 2 2 0

Total 11 23 23 20 15 6

the clusters (table  1), suggesting that this category 
might also be incorporated into further cluster anal-
ysis of AAV.

The main strengths of this study are that it investigates 
a well-characterised, population-based cohort including 
patients with all types of AAV. In a randomised trial, 
there are several exclusion and inclusion criteria that 
have to be taken into account before generalising the 
results to individual patients.7 Even though the EUVAS 
study included a broad spectrum of patients with AAV, 
it excluded patients with EGPA, very elderly patients, 
those with life-threatening lung haemorrhage at the time 
of diagnosis and those who had a known previous malig-
nancy. In the present study, we show that the findings in 
the EUVAS long-term follow-up study are applicable in 
a population-based cohort of patients, treated according 
to current treatment protocols. The length of follow-up 
(median 11 years for survivors) is longer than in most 
other studies investigating the survival in AAV, adding 
strength to our results. In addition, the present study vali-
dates a new way of partitioning AAV into clusters as well 
as comparing the survival in the different clusters with an 
age-matched and gender-matched general population.

The main weakness is that it might be difficult to 
implement the results from this cohort that includes 
all types of AAV into individual patients with a specific 
diagnosis (ie, GPA, MPA or EGPA) but on the other 
hand, cluster affiliation might be a better way to predict 
mortality in patients with AAV  than traditional diag-
noses. Another, at least potential weakness is that we 
have not used Birmingham Vasculitis Activity Score 
(BVAS)23 as a predictor, as we did in the EUVAS long-
term follow-up study and that has also been used in 
other studies.24 In clinical trials or in other settings 
where patients are evaluated and followed according to 
protocol, BVAS may be of greater use compared with 
a pure clinical setting, with physicians who may not be 
trained in using this scale. In addition, this material 

has been collected since 1997, when BVAS was not fully 
implemented in routine practise in our region. Further, 
in a retrospective study using medical records as source 
for BVAS scoring, the quality of data would most prob-
ably be poor.

Since malignancies are common causes of morbidity 
and death in the long-term follow-up in this study as well 
as in others,25 26 a suggestion for a future study is to inves-
tigate the malignancy risk in these patients.

In conclusion, in this cohort of patients with AAV, we 
show that the results from follow-up studies of patients 
with AAV participating in clinical trials are applicable 
to patients in ordinary practice. Furthermore, this study 
validates and strengthens the proposed cluster affiliation 
as an additional tool in assessing the long-term outcome 
for patients with AAV, demonstrating that the initial clin-
ical presentation might be a more important predictor 
for survival than diagnosis and type of ANCA. Finally, 
we show that, even though the mortality in patients with 
AAV still is increased compared with the general popula-
tion, this does not apply to the patients in the non-renal 
cluster.
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