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ABSTRACT

Objective. It has been suggested that
anti-neutrophil cytoplasmic antibody
(ANCA) specificity, rather than clinical
diagnosis influences the phenotype and
course of ANCA-associated vasculitis
(AAV). However, preliminary evidence
suggests that further combined levels
of categorisation might be of clinical
relevance. The aim of this study was to
investigate differences in clinical pres-
entation at disease onset and outcomes
based on clinical diagnosis and ANCA
specificity.

Methods. Newly diagnosed patients
with GPA or MPA assessed in three re-
ferral centres between 2000 and 2016
were included. Patients were grouped
as MPO-ANCA-positive granuloma-
tosis with polyangiitis (MPO-GPA),
PR3-ANCA-positive-GPA (PR3-GPA),
and MPO-ANCA-positive microscopic
polyangiitis (MPO-MPA).

Results. Of the 143 AAV patients in-
cluded (female 52%), 87 were catego-
rised as PR3-GPA, 23 as MPO-GPA,
and 33 as MPO-MPA. Patients with
MPO-GPA were significantly younger
than MPA patients (age 49+15 ver-
sus 63+10; p<0.001). MPO-GPA had
significantly more frequent subglot-
tic stenosis compared to PR3-GPA.
Ear, nose, throat involvement was sig-
nificantly more frequent in both GPA
groups compared to MPA. Type of pul-
monary involvement differed between
both GPA groups and MPA with diffuse
pulmonary haemorrhage being signifi-
cantly more frequent in the latter (7%
in PR3-GPA, 0% in MPO-GPA, 27% in
MPO-MPA; p<0.001). Renal involve-
ment was more frequent in MPO-MPA
compared to both MPO-GPA and PR3-
GPA (impaired renal function in 84%,
39%, and 36%, respectively; p<0.001).
PR3-GPA relapsed significantly more
than the other two groups. After adjust-
ing for age, MPO-GPA was a signifi-

cant risk factor for mortality [HR 4.44
(95%CI 1.46-13.52), p=0.009].
Conclusion. ANCA specificity identi-
fies specific subsets of disease charac-
terised by different clinical presentation
and outcome within the clinical diagno-
sis of GPA.

Introduction

Anti-neutrophil cytoplasmic antibody
(ANCA)-associated vasculitides (AAV)
are a spectrum of diseases characterised
by necrotising vasculitis predominately
affecting small vessels, often associated
with antibodies directed against my-
eloperoxidase (MPO)-ANCA or pro-
teinase 3 (PR3)-ANCA. AAV comprise
three main conditions: granulomatosis
with polyangiitis (GPA), microscopic
polyangiitis (MPA) and eosinophil-
ic granulomatosis with polyangiitis
(EGPA) (1). Traditionally, AAV, and
particularly GPA and MPA, have been
regarded as similar pathological enti-
ties sharing overlapping clinical and
histopathological features. This as-
sumption, together with the rarity of
AAV and the initial lack of specific
classification criteria has led to the in-
clusion of GPA and MPA into the same
randomised controlled trials informing
common treatment strategies (2, 3).
Nevertheless, distinctive clinical fea-
tures in terms of frequency of specific
organ involvement and type of ANCA
positivity between different forms of
AAV have long been known (4). In-
creasing interest has recently grown to-
wards the classification of AAV based
on ANCA specificity rather than clini-
cal diagnosis (5). Such an approach,
supported by the findings of distinct
genetic backgrounds coming from
genome-wide association analysis (6)
has found preliminary confirmation in
terms of relapse rates, outcome and
response to treatment (7, 8). A deep-
er insight into the role and impact of
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ANCA specificity has prompted further
investigations on the existence of clini-
cally distinct entities based on both
the diagnostic and serological charac-
terisation of AAV. The analysis of the
distinctive features between classical
PR3-positive GPA (PR3-GPA), the
rarer MPO-positive GPA (MPO-GPA),
and MPO-positive MPA (MPO-MPA)
is currently based on limited case se-
ries and retrospective studies and it is
still not fully acknowledged. We there-
fore investigated differences in clinical
presentation at disease onset, outcome,
relapse rates and mortality between
PR3-GPA, MPO-GPA and MPO-MPA
in a multicentric Italian cohort of pa-
tients with AAV.

Methods

A collaborative initiative was started
on 1% October 2016 among three third
level Rheumatology Centres in North-
ern Italy specialised in the management
of systemic vasculitides. Charts of con-
secutive patients with a new diagnosis
of AAV followed at the Rheumatology
departments of the University of Pavia,
University of Padova and Trento Hos-
pital between January 2000 and May
2016 were retrospectively reviewed and
data collected in a common electronic
database. All MPA and GPA clinical di-
agnoses were revised by physicians ex-
pert on vasculitis, according to the 2007
European Medical Agency (EMA)
algorithm (9). Patients with a clinical
diagnosis of GPA or MPA, and avail-
able data on ANCA specificity (with
PR3 or MPO specificity confirmed by
ELISA test) were included in the analy-
sis to generate three groups: PR3-GPA,
MPO-GPA and MPO-MPA. Patients
were included from diagnosis and fol-
lowed prospectively at fixed timepoints
(at least every 6 months in the first year
and yearly thereafter). Details on de-
mographics, comorbidities, disease on-
set manifestations, treatment, relapses,
outcome and mortality were collected.
End stage renal disease (ESRD) was
defined as a sustained eGFR <15 ml/
min/1.73m?, or the need of chronic kid-
ney replacement therapy (dialysis or
transplantation). Major relapses were
defined when at least one major item of
BVAS v. 3 was detected due to disease
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activity attributable to active inflamma-
tion requiring an increase in the dosage
of glucocorticoids (GC) and a modifi-
cation of the immunosuppressive treat-
ment (10). Patients were treated accord-
ing to European League Against Rheu-
matism (EULAR) recommendations
for the management of primary small
and medium vessel vasculitis (11), from
the time they first became available,
and subsequent updates (3). Generally,
the standardised and shared treatment
strategy included an induction phase
with high dose GC and cyclophospha-
mide (Cyc) or rituximab (RTX) for
generalised or organ/life-threatening
manifestations (according to standard-
ised definitions). Plasma-exchange was
added to selected patients with diffuse
alveolar haemorrhage or severe renal
disease. Methotrexate (MTX), azathio-
prine (AZA), mycophenolate or RTX
were prescribed as maintenance treat-
ment or for induction of limited/non-or-
gan or life-threatening disease. Disease
activity was assessed with the Birming-
ham Vasculitis Activity Score (BVAS)
v. 3 (12, 13) and damage with the Vas-
culitis Damage Index (VDI) (14).

Statistical analysis

Descriptive statistics were used to
summarise data using mean and stand-
ard deviation (SD) or median and 25th-
75th percentiles if continuous and with
counts and percent if categorical.

For comparisons between groups, we
performed ANOVA or Kruskal-Wallis
for continuous variables and chi square
test for categorical variables. In pres-
ence of significant differences, we
applied a post hoc analysis with inde-
pendent t-test or Mann-Whitney test
for continuous variables and chi square
test for categorical ones.

10-year mortality rate and 10-year re-
lapse rate between the 3 groups was
compared with Kaplan-Meier curve
and then age-adjusted with Cox regres-
sion. The results are reported as hazard
ratios (HRs) and 95% confidence inter-
val (95%CI). p-values less than 0.05
were considered to be significant.

Results
Overall, 143 patients (female 52%)
were included in the analysis, of these,

87 (61%) patients were categorised as
PR3-GPA, 23 (16%) as MPO-GPA,
and 33 (23%) as MPO-MPA. The gen-
eral characteristics of the population are
shown in Table I.

Age at diagnosis =65 years was signifi-
cantly higher in the MPO-MPA group
(59% of patients) compared to MPO-
GPA (35%) and PR3-GPA (16%),
p<0.001.

Clinical manifestations according to
type of diagnosis and ANCA specificity
The clinical presentation was signifi-
cantly different according to the type of
diagnosis and ANCA specificity. ENT
involvement was significantly more
frequent in both PR3-GPA (67% of pa-
tients) and MPO-GPA (70%) patients
compared to MPA (15%).

Pulmonary involvement was mainly
represented by nodules in PR3-GPA,
and alveolar haemorrhage and respira-
tory failure in patients MPA. Renal
involvement defined as signs of active
urinary sediment, 24-hours proteinuria,
and impaired renal function was signifi-
cantly more frequent in MPA compared
to the other two groups. Renal function
was reduced (GFR <60 ml/min) at diag-
nosis in 84% of patients with MPA com-
pared to 39% of patients with MPO-
GPA and 36% of PR3-GPA, p<0.001.
There were no other significant differ-
ences among the three groups regard-
ing type of organ-systems involvement.
Moreover, there were no differences
in the levels of disease activity meas-
ured with BVAS at baseline amongst
the three groups of patients (19+8.7 in
PR3-GPA vs. 16+7.8 in MPO-GPA vs.
19+5.8 in MPO-MPA, p=0.39).

The type and prevalence of the differ-
ent organ-system manifestations are
shown in Table I and Figure 1.

Treatment and outcomes

The remission induction treatment was
not different in the three groups. All
patients received glucocorticoids (GC).
Cyc was prescribed to 67% of patients
with PR3-GPA, 47% of MPO-GPA and
65% of patients with MPA. The remis-
sion maintenance treatment consisted
of low-dose GC in all patients. RTX
was significantly more prescribed to pa-
tients with PR3-GPA. MTX was more
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Table I. Demographics and clinical characteristics at onset of disease in the three groups of

patients: PR3-GPA, MPO-GPA, MPO-MPA.

PR3-GPA (A) MPO-GPA (B) MPO-MPA (C) )4
(n=87) (n=23) (n=33)
Female (n; %) 40 (46%) 13 (57%) 22 (67%) 0.12
Age at diagnosis (mean + SD) 50+ 15 55+ 19 63 + 11 p<0.001
Avs. C p<0.001
Diagnostic delay, months 4 (1-6) 4 (1-15) 2 (1-10) 0.82
(median, Q1-Q3)
Hospitalisation at disease onset 68 (80%) 17 (74%) 28 (85%) 0.66
Systemic symptoms 57 (66%) 16 (70%) 27 (82%) 0.25
Fever 41 (48%) 10 (43%) 20 (63%) 0.29
Weight loss 18 (21%) 4 (17%) 10 (32%) 0.37
Musculoskeletal 40 (47%) 8 (35%) 13 (31%) 0.55
ENT 58 (67%) 16 (70%) 5 (15%) <0.001
Avs.C p<0.001
B vs. C p<0.001
Nasal crusting/bloody 36 (42%) 7 (30%) 3% (10%) 0.007
discharge/ulcers Avs. C p=0.005
Chronic sinusitis 35 (41%) 9 (39%) 2 (7%) 0.002
Avs. C p=0.001
B vs. C p=0.004
Otitis 18 (21%) 6 (26%) 1 3%) 0.05
Avs.C p=0.02
B vs. C p=0.01
Sensorineural hearing loss 7 (8%) 0 1 (3%) 0.26
Subglottic involvement 0 2 (9%) 0 0.006
Lung 61 (72%) 15 (65%) 22 (67%) 0.76
Infiltrates 33 (39%) 12 (52%) 10 (31%) 0.29
Nodules 29 (34%) 3 (13%) 0 0.001
Avs. C p=0.003
Diffuse alveolar haemorrhage 6 (7%) 0 9 (27%) 0.001
Avs. C p=0.006
Respiratory failure 2 2%) 2 (9%) 7 (21%) 0.003
Avs. C p=0.004
Other pulmonary 16 (19%) 2 (9%) 11 (34%) 0.06
Skin 27 (31%) 5 (22%) 3 (9%) 0.05
Purpura 19 (22%) 2 (9%) 2 (7%) 0.07
Other 12 (14%) 3 (13%) 1 3%) 0.26
Eyes 18 (22%) 2 (9%) 2 (6%) 0.07
Cardiovascular 3 (4%) 2 (9%) 1 3%) 0.51
Gastrointestinal 4 (5%) 1 (4%) 0 0.47
Renal 54 (63%) 13 (56%) 32 (97%) <0.001
Avs.C0.001
B vs. C <0.001
Active urinary sediment 52 (61%) 13 (56%) 27 (87%) 0.02
Avs.C p=0.03
B vs. C p=0.04
Impaired renal function 31 (36%) 9 (39%) 26 (84%) <0.001
(GFR <60 ml/min) Avs. C p<0.001
B vs. C p=0.003
Baseline eGFR (ml/min) 7229 £38.19 57.27+39.99 33.05+22.39 P<0.0001
Avs. C p<0.0001
B vs. C p=0.005
Proteinuria > 0.5 g/24 hours 34 (49%) 7 (41%) 16 (64%) 0.29
Nervous system 28 (33%) 7 (30%) 11 (36%) 0.92
Peripheral nervous system 26 (31%) 7 (30%) 11 (38%) 0.83
CNS 0 0 0 na
BVAS (baseline) 19 +£8.7 16+7.8 19+5.38 0.39

GPA-PR3: granulomatosis with polyangiitis-anti-proteinase 3 positive; GPA-MPO: granulomatosis
with polyangiitis-anti-myeloperoxidase positive; MPA: microscopic polyangiitis-anti-myeloperoxy-
dase-positive; SD: standard deviation; ENT: ear-nose-throat; eGFR: estimated glomerular filtration
rate; CNS: central nervous system; BVAS: Birmingham Vasculitis Activity Score.

*mild episodes of epistaxis.

Clinical and Experimental Rheumatology 2021

ANCA specificity in GPA / S. Monti et al.

frequently prescribed to patients with
GPA, regardless of the ANCA status,
while AZA was prescribed more often
as maintenance treatment in patients
with MPA (Table II).

The mean follow-up was 73.25+67.43
months. During follow-up BVAS at 2
and 5 years was significantly higher in
the MPO-GPA and MPA groups com-
pared to PR3-GPA.

There were no differences between the
three groups in terms of damage ac-
crual, calculated with the VDI, up to 5
years from diagnosis, however, the rate
of end-stage renal disease (ESRD) was
significantly higher in the MPO-MPA
group (21%) compared to PR3-GPA
(7%) and MPO-GPA (13%), p=0.04
(Table III). Relapses were significantly
more frequent in the PR3-GPA group
(Supplementary Fig. S1).

The majority of patients experienced
relapses of signs/symptoms that had
already been present at diagnosis after
having achieved a period of stable re-
mission. Patients who had new mani-
festations of the disease during follow-
up due to relapse of the disease were all
PR3-GPA patients, mainly experiencing
new articular (n=3) or ENT (n=7) mani-
festations. More severe, new manifesta-
tions during follow-up (compared to the
type of organ involvement at baseline)
were the occurrence of DAH or pulmo-
nary infiltrates (n=4) and renal involve-
ment (n=3). The eye was involved with
new-onset episcleritis or optic neuritis
in 4 patients.

In the cohort there were a total of 17
deaths (12%). Six (7%) patients died
in the PR3-GPA group, 7 (33%) in the
MPO-GPA group, and 4 (12%) in the
MPA group, p=0.005.

At univariate analysis, MPO-GPA con-
ferred a significantly higher risk of
death (HR 4.77; 95%CI 1.58-14.39,
p=0.06). After adjusting for age, hav-
ing a diagnosis of MPO-GPA conferred
a mortality risk of 4.44 (1.46-13.52),
p=0.009 compared to GPA-PR3 (Fig. 2
and Table IV).

Differences within patients

with a diagnosis of GPA according

to ANCA specificity

Patients with a diagnosis of GPA did
not display differences in terms of sex
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Fig. 1. Distribution of the different organ-system manifestations at baseline according to type of diagnosis and ANCA status.
ENT: ear, nose, throat; DAH: diffuse alveolar haemorrhage; AKI: acute kidney injury; PNS: peripheral nervous system.

Table I1. Treatment strategies in the three groups of patients: PR3-GPA, MPO-GPA, MPO-MPA.

PR3-GPA (A) MPO-GPA (B) MPO-MPA (C) P
(n=87) (n=23) (n=33)

Remission induction treatment
GC 87 (100%) 23 (100%) 33 (100%) 1
GC Pulses 38 (49%) 7 (35%) 18 (62%) 0.17
Cyclophosphamide 54 (67%) 10 (47%) 86 (65%) 0.12
Rituximab 4 (5%) 3 (14%) 0 0.12
PEX 7 (9%) 1 (5%) 4 (14%) 0.51
Azathioprine 7 (9%) 3 (14%) 7 (22%) 0.12
Methotrexate 14 (17%) 5 (24%) 1 (3%) 0.12
Mycophenolate 1 (1%) 0 0 0.12
Remission maintenance treatment
Low dose GC 87 (100%) 23 (100%) 33 (100%) 1
Rituximab 12 (15%) 1 (5%) 1 (4%) 0.04
Azathioprine 36 (46%) 10 (43%) 15 (58%) 0.2
Methotrexate 24 (27%) 5 (26%) 2 (8%) 0.04
Mycophenolate 5 (6%) 3 (16%) 5 (20%) 0.04

GPA-PR3: granulomatosis with polyangiitis-anti-proteinase 3 positive; GPA-MPO: granulomatosis
with polyangiitis-anti-myeloperoxidase positive; MPA: microscopic polyangiitis-anti-myloperoxydase-
positive; GC: glucocorticoids; PEX: plasma-exchange.

and age-group distribution according
to ANCA specificity (mean age at diag-
nosis 50+15 in the PR3-GPA group vs.
55+19 in the MPO-GPA group). There
were no significant differences for di-
agnostic delay between the two groups,
with a median of 4 months since the
onset of the first symptoms. The ma-
jority of patients (80% in the PR3-
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GPA group and 74% in the MPO-GPA
group) were hospitalised at the time of
diagnosis to ensure a thorough evalua-
tion of the organ-systems involved and
the management of acute organ- or life-
threatening manifestations. Systemic
symptoms were frequent at disease
onset, occurring in up to 70% of pa-
tients, regardless of the ANCA speci-

ficity. Fever was present in approxi-
mately half of patients in both groups.
Similarly, there were no differences in
the frequency of musculoskeletal or
cutaneous involvement according to
ANCA specificity within the diagnosis
of GPA. ENT and pulmonary manifes-
tations were the most frequent types of
organ-systems affected by the disease
(Table I). Chronic sinusitis followed
by nasal crusting/ulcers and otitis
were the most frequent manifestations
without significant differences in both
groups.

The most significant difference found
between patients with a diagnosis of
GPA based on ANCA specificity was
the occurrence of subglottic stenosis
mainly observed in patients with MPO-
GPA compared to PR3-MPA (p=0.004).
Pulmonary infiltrates were recorded in
39% of PR3-GPA and 52% of MPO-
GPA, lung nodules occurred at disease
onset in 34% of patients with PR-GPA
and 13% of MPO-GPA (p=0.05). DAH
mainly occurred in patients with PR3-
GPA (7% vs.0).

During follow-up, mean BVAS values
were significantly higher for the MPO-

Clinical and Experimental Rheumatology 2021
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Table III. Follow-up characteristics in the three groups of patients: PR3-GPA, MPO-GPA,

MPO-MPA.
PR3-GPA(A) MPO-GPA (B) MPO-MPA (C) P
(n=87) (n=23) (n=33)
BVAS (12 months from diagnosis) 1.00 + 3.55 1.80 + 3.53 1.78 + 3.53 043
BVAS (24 months from diagnosis) 0 +520 241 £5.15 237 + 5.18 0.03
BVAS (60 months from diagnosis) 0 + 448 1.81 +3.83 2.00 + 448 0.04
VDI at 1 year 2.18 + 1.27 2.18 = 1.31 2.17 = 1.27 0.99
VDI at 2 years 250 + 1.50 251 £ 1.55 248 = 1.50 0.99
VDI at 5 years 295 + 1.65 3.00 £ 1.71 295 = 1.65 0.99
ESRD 6 (7%) 3 (13%) 7 (21%) 0.04
Avs.C p=0.02

GPA-PR3: granulomatosis with polyangiitis-anti-proteinase 3 positive; GPA-MPO: granulomatosis
with polyangiitis-anti-myeloperoxidase positive; MPA: microscopic polyangiitis-anti-myeloperoxy-
dase-positive; BVAS: Birmingham Vasculitis Activity Score; VDI: Vasculitis Disease Index; ESRD:

end-stage renal disease.
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Fig. 2. Kaplan-Meier survival curves according to clinical diagnosis and ANCA type.
GPA: granulomatosis with polyangiitis; MPA: microscopic polyangiitis; PR3: proteinase 3; MPO: myelo-

peroxidase.

GPA group compared to the PR3-GPA
group (BVAS at the 2-year follow-up:
2.41+£5.15 in MPO-GPA vs. 0+£5.2 in
PR3-GPA; BVAS at 5 years: 1.81+3.83
vs. 0+4.48, respectively). PR3-GPA
relapsed significantly more than MPO-
GPA (p=0.017) (Suppl. Fig. S1). As
shown in the survival analysis, MPO-
GPA was significantly associated with
a higher mortality risk compared to
PR3-GPA.
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Discussion

The results of this study demonstrate
that ANCA specificity is associated
with different disease subsets and
outcomes in MPO-GPA compared to
PR3-GPA and MPO-MPA. We have
demonstrated that mortality rate within
a clinical diagnosis of GPA is signifi-
cantly influenced by the presence of
MPO-ANCA positivity. The literature
has only recently focused on the value

of categorising AAV based on ANCA
type, however the clinical impact of
such approach is still incompletely un-
derstood and has led to contradictory
findings (5). Accumulating evidence
supports the concept that PR3-ANCA
and MPO-ANCA can more homog-
enously distinguish groups of patients
with different genetic background,
epidemiology and clinical phenotype.
Although genetic differences exist be-
tween both ANCA serotypes and clini-
cal diagnosis of GPA and MPA, the
subdivision of AAV based on ANCA
(PR3-ANCA and MPO-ANCA) seems
to have stronger genetic basis than the
subdivision based on clinical diagnosis
(6, 15). Nevertheless, genetic variants
within the same clinical diagnosis of
GPA based on the ANCA serotype have
never been explored (16). Global ethnic
differences in the distribution of ANCA
specificity have been demonstrated in
patients with GPA with MPO-ANCA
being more common in Japanese, Chi-
nese and Southern Europeans, while
PR3-ANCA more common in other
ethnic groups, leading to differences in
the type and severity of organ-systems
involvement (17, 18).

To date, there have been only two stud-
ies specifically assessing the phenotype
of GPA patients based on ANCA type
(19, 20) which led to contradictory re-
sults. In the first study, Schirmer et al.
(19) performed a case-control study in-
cluding 59 patients with MPO-ANCA
positive GPA compared to PR3-ANCA
positive GPA and MPA. The authors re-
ported a milder and more localised dis-
ease in MPO-GPA. A second study by
Miloslavsky et al. (20) pooled the data
from 321 patients with GPA included in
the WGET and RAVE clinical trials but
did not identify significant differences
in the clinical manifestations or relapse
rates based on the ANCA type. It is pos-
sible that the selection criteria for the
enrolment into the randomised clinical
trials might have introduced some bias.
The results of our study contribute to
clarify the previous controversial find-
ings by adding important information
with relevant clinical implications. We
confirmed the significantly more fre-
quent observation of subglottic stenosis
in patients with MPO-GPA compared
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Table IV. Cox-regression analysis of mortality risk according to disease/ANCA type cat-

egory, adjusted for age.

HR 95% CT p
GPA-PR3 1.00
GPA-MPO 444 146-13.52 0.009
MPA-MPO 122 031-473 0.777
Age= 65 5.02 1.63-15.49 0.005

GPA-PR3: granulomatosis with polyangiitis-anti-proteinase 3 positive; GPA-MPO: granulomatosis
with polyangiitis-anti-myeloperoxidase positive; MPA: microscopic polyangiitis-anti-myloperoxyda-
se-positive; HR: hazard ratio; CI: confidence interval.

to PR3-GPA as observed by Schirmer
et al. (19). Given the severity and often
refractory course of subglottic stenosis,
this novel association with MPO-GPA
requires a higher degree of attention
and strict follow-up in this subset of
patients. Both GPA groups were signifi-
cantly different than MPO-MPA for the
higher frequency of ENT involvement,
the presence of pulmonary involvement
in the form of nodules rather than dif-
fuse alveolar haemorrhage, and the
lower frequency and severity of renal
involvement. This is a surprising find-
ing potentially challenging the concept
of disease categorisation exclusively
based on ANCA type. Renal involve-
ment is the hallmark of MPA which is
typically MPO-ANCA positive. More-
over, the pathogenetic knowledge on
AAV has previously demonstrated the
pathogenicity in vivo of MPO-ANCA
on the development of severe pauci-
immune necrotising glomerulonephritis
(21). It is possible that animal models
differ from the human pathophysiology
and that further unexplained mecha-
nisms might lead to different effects of
MPO-ANCA in different clinical condi-
tions despite the common antibody pos-
itivity. We confirmed the well-known
epidemiological feature of MPO-MPA
patients being significantly older at di-
agnosis compared to both MPO-GPA
and PR3-GPA patients. Whether ageing
might have an influence on the organ-
system targets of the pathological pro-
cess in the presence of MPO-ANCA is
still unknown (22-24).

We demonstrated that categorisation by
diagnosis and ANCA type influences
outcomes. Mortality analysis adjusted
for age showed that MPO-GPA is a risk
factor for higher mortality rates, while
ESRD (an established prognostic fac-
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tor) was significantly more frequent
in MPO-MPA compared to both GPA
groups, in line with previous observa-
tions (25). The interpretation of the
reduced survival in MPO-GPA despite
a lower frequency of severe organ-
threatening manifestations might be
explained by the observation of sig-
nificantly higher disease activity dur-
ing follow-up in MPO-GPA and MPO-
MPA compared to PR3-GPA. Patients
with MPO-GPA were less frequently
treated with potent drugs such as rituxi-
mab in our cohort and this might have
influenced the achievement of long-
term sustained remission. Moreover, a
recent analysis of the causes of mortal-
ity in AAV based on ANCA type has
demonstrated that MPO-ANCA ex-
poses patients to the risk of excessive
cardiovascular mortality compared to
PR3-ANCA (26). The early develop-
ment of new cardiovascular risk factors
has been shown to be higher in patients
with MPA-MPO since the early phases
of the disease regardless of age and re-
nal involvement (27); similar studies
should be conducted to clarify whether
the same occurs in subsets of patients
with MPO-GPA.

Disease subcategorisation based on
cluster analysis suggested that further
stratification, particularly based on re-
nal involvement might be the clinically
most relevant one and might add signif-
icant information in terms of outcomes.
PR3-ANCA positive patients with renal
involvement have been described as the
group with the lowest mortality but the
highest relapse rate compared to renal
AAV with MPO-ANCA (or ANCA
negative) (28). In our cohort, approxi-
mately half of the patients with MPO-
GPA had renal involvement at base-
line and, albeit not reaching statistical

significance, MPO-GPA patients had a
2-fold increase in ESRD compared to
PR3-GPA and this might have contrib-
uted to the reduced survival. Finally,
MPO-ANCA have more frequently
been associated with the development
of fibrosis and this has been described
as a confounding factor for mortality in
previous cohorts (19).

The study limitations are those inherent
to its retrospective design, including the
lack of more detailed clinical informa-
tion that could have been helpful in in-
terpreting the results, and the relatively
small number of patients albeit in the
context of rare conditions. Furthermore,
it is possible that categorisation based
on diagnosis and ANCA type is still too
simplistic to capture the complexity of
factors influencing the clinical manifes-
tations and outcome of AAV. Neverthe-
less, this study adds valuable informa-
tion to the limited evidence available
to date that distinct subsets of disease
in AAV can be better clarified by com-
bining clinical evaluation with ANCA
serotypes.

In conclusion, this study supports the
concept that AAV categorisation based
on both clinical diagnosis and ANCA
type has clinical and prognostic impli-
cations.
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