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ABSTRACT

Introduction: Anti-neutrophil cytoplasmic
antibody (ANCA)-associated vasculitides (AAV)
are rare autoimmune diseases triggering
inflammation of small vessels. This real-world
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analysis was focused on the most common AAV
forms, granulomatosis with polyangiitis (GPA)
and microscopic polyangiitis (MPA), to describe
patients’ demographic and clinical characteris-
tics, therapeutic management, disease progres-
sion, and the related economic burden.
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Methods: A retrospective analysis was con-
ducted on administrative databases of a repre-
sentative sample of Italian healthcare entities,
covering approximately 12 million residents.
Between January 2010 and December 2020,
adult GPA patients were identified by payment
waiver code or hospitalization discharge diag-
nosis, and MPA patients by payment waiver
code with or without hospitalization discharge
diagnosis. Clinical outcomes were evaluated
through AAV-related hospitalizations, renal
failure onset, and mortality. Economic analysis
included healthcare resource utilization deriv-
ing from drugs, hospitalizations, and outpatient
specialist services. The related mean direct costs
year/patient were also calculated in patients
stratified by presence/absence of glucocorticoid
therapy and type of inclusion criterion (hospi-
talization/payment waiver code).

Results: Overall, 859 AAV patients were divi-
ded into GPA (n = 713; 83%) and MPA (n = 146;
17%) cohorts. Outcome indicators highlighted
a clinically worse phenotype associated with
GPA compared to MPA. Cost analysis during
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follow-up showed tendentially increased
expenditures in glucocorticoid-treated patients
versus untreated (overall AAV: €8728 vs. €7911;
GPA: €9292 vs. €9143; MPA: €5967 vs. €2390),
mainly driven by drugs (AAV: €2404 vs. €874;
GPA: €2510 vs. €878; MPA: €1881 vs. €854) and
hospitalizations.

Conclusion: Among AAV forms, GPA resulted
in a worse clinical picture, higher mortality, and
increased costs. This is the first real-world
pharmaco-economic analysis on AAV patients
stratified by glucocorticoid use on disease
management expenditures. In both GPA and
MPA patients, glucocorticoid treatment resulted
in  higher  healthcare costs, mostly
attributable to medications, and then hospital-
izations, confirming the clinical complexity and
economic burden for management of patients
with autoimmune diseases under chronic
immunosuppression.
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Key Summary Points

Why carry out this study?

ANCA-associated vasculitis (AAV) is a rare
severe inflammatory disease associated
with adverse outcomes damaging vital
organs, including kidneys, often resulting
in end-stage renal disease (ESRD).

AAV is mainly managed with extended
immunosuppression, usually
glucocorticoid treatments, that is
associated with significant complications,
ultimately leading to a relevant clinical
and economic burden.

What was learned from the study?

This Italian real-world study analyzed the
two most common AAV forms,
granulomatosis with polyangiitis (GPA)
and microscopic polyangiitis (MPA). GPA
was more frequent and associated with a
worse clinical phenotype, higher
mortality, and cost burden.

In both disease forms, steroid treatment
and baseline patients’ characteristics (age,
comorbidity profile) led to increased
expenditures, mostly driven by drugs and
then hospitalization.

Taken together, our findings confirm the
elevated costs for disease management of
this patient population that could be
related to both AAV forms, to older age
and complex comorbidity profiles, and to
the need for chronic immunosuppression.

INTRODUCTION

Anti-neutrophil cytoplasmic antibody (ANCA)-
associated vasculitides (AAV) are a group of rare
multisystem autoimmune diseases targeting
small vessels, commonly characterized by
granulomatous and neutrophilic tissue inflam-
mation and by the presence of auto-antibodies

directed against neutrophil antigens [1]. The
term AAV comprises three distinct conditions:
granulomatosis with polyangiitis (GPA, previ-
ously known as Wegener’'s granulomatosis),
microscopic polyangiitis (MPA), generally more
frequent in older adults (average age at diag-
nosis 45-65 years for GPA and 50-60 years for
MPA) [2, 3], and eosinophilic granulomatosis
with polyangiitis (EGPA, formerly known as
Churg-Strauss syndrome), the latter with an
earlier onset, between the third and the fifth
decade of life [4, 5]. All three disease forms can
occur at any age, including in childhood, affect
all ethnicities, and appear to be slightly more
common in males [6-8].

The estimated prevalence worldwide is
200-400 cases per million people, with some
differences according to the latitude, geo-
graphical location, and race [9]. In Europe, the
respective yearly incidence rates for GPA, MPA,
and EGPA range from 2.1 to 14.4, from 2.4 to
10.1, and from 0.5 to 3.7 per million people,
respectively. The 5-year survival rates for GPA,
MPA, and EGPA are reported to be 74-91%,
45-76%, and 60-97%, respectively [7].

The Italian National Institute of Health has
codified GPA and MPA, the two most common
phenotypes of AAV, as rare diseases (defined by
a prevalence below 5 cases per 10,000 inhabi-
tants), with a combined incidence in Italy of
10-18 cases/million inhabitants/year and a
prevalence of 141 cases/million inhabitants
[10].

The clinical manifestations of the AAV are
highly variable, ranging from mild symptoms
like a skin rash to fulminant multisystem dis-
ease [1, 5]. GPA features can include nasal
crusting, stuffiness and epistaxis [11], uveitis
[12], and lung and kidney involvement
[1, 5, 6, 13]. MPA typically presents with more
severe renal disease, together with rash and
neuropathy [2, 3, 14].

The rarity and unpredictable clinical onset of
the AAV makes the diagnosis challenging and
often delayed more than 6 months in about
one-third of patients [5]. In view of the multi-
system involvement in AAV, a timely and reli-
able diagnostic path should be based on an
interdisciplinary approach, a detailed patient
clinical history, and examinations [5, 15].
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The intent of the currently used therapies for
AAV is to achieve durable remission, defined by
European Vasculitis Society/European League
against Rheumatism (EUVAS/EULAR) group
[16] as “complete absence of active clinical dis-
ease”, using a recognized scoring tool, namely
the Birmingham Vasculitis Activity Score
(BVAS) [17]. The use of immunosuppressive
agents like cyclophosphamide or rituximab
combined with glucocorticoids (GCs) has
brought significant benefits in terms of remis-
sion induction and prognosis, as AAV-treated
patients show a 1-year mortality decreased by
80% compared to the untreated ones [5, 18].
However, iatrogenic side effects can occur with
long-term treatments, as in the case of pro-
longed GC regimens, resulting in a significant
clinical burden, organ damage, and worse
comorbidity profile [19, 20]. Thus, the thera-
peutic interventions on AAV remain an open
challenge, mainly in view of the high risk of
relapsing disease and the wide interindividual
variability in clinical phenotypes related to the
multifactorial involvement of genetic and
environmental factors, and the contribution of
both innate and adaptive immune systems [21].
In the management of AAV patients, clinicians
have always to deal with the delicate balance
between avoiding disease recurrence and keep-
ing a watchful eye on the clinical impact of
immunosuppression, mostly based on the GC
use [20]. In the front of the ongoing efforts of
current pharmacological research to develop
patient-tailored therapeutic approaches, other
than non-specific immunosuppressive agents
[22], the main risk for patients under life-long
immunosuppression is that of infections and
other concomitant diseases [23]. This condition
leads to a growing need for pharmacological
treatments, diagnostic tests, specialist wvisits,
and hospitalizations with a significant eco-
nomic burden for the National Health Systems
(NHS) [24]. Few data are currently available in
Italy regarding the healthcare resource con-
sumption and related costs deriving from the
management of AAV patients [25].

The present analysis in the Italian real-world
setting was undertaken to investigate the most
common forms of AAV, namely GPA and MPA,
to assess the demographic and clinical

characteristics of affected patients, to investi-
gate their therapeutic management and disease
progression, and to describe the current state-
of-art regarding health resources consumption
and the economic burden sustained by the
Italian NHS.

METHODS

Data Source

A retrospective database analysis was conducted
by integrating administrative databases of a
pool of geographically distributed Italian enti-
ties covering approximately 12 million health-
assisted individuals. The following databases
were used for the analysis: (1) demographic
database, to extract patient demographic data,
namely gender, age, and date of death; (2)
pharmaceuticals database, for information on
medicinal products reimbursed by the NHS,
such as the Anatomical Therapeutic Chemical
(ATC) code, number of packages, number of
units per package, unit cost per package, and
prescription date; (3) hospitalization database,
to collect hospitalization data, such as discharge
diagnosis codes classified according to the
International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM),
Diagnosis Related Group (DRG), and DRG-re-
lated charge (provided by the Italian NHS); (4)
outpatient specialist services database, to record
data on specialist visits and diagnostic tests
(date and type of prescription, description
activity, and laboratory test or specialist visit
charge); and (5) payment waiver database, to
gather active payment waiver codes by which
patients are discharged from paying services/
treatments in case of specific disease diagnoses.

To ensure privacy, an anonymous univocal
numeric code was assigned to each participant,
in full compliance with the European General
Data Protection Regulation (GDPR) (2016/679).
This patient code allowed the electronic linkage
between the different databases. All the findings
resulting from these analyses were produced as
aggregated summaries, and never attributable to
a single institution, department, doctor, indi-
vidual, or individual prescribing behaviors. The
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study was performed in accordance with the
principles of the Helsinki Declaration of 1964
and its later amendments, and approved by the
local Ethics Committees of the Healthcare
Departments involved. Informed consent was
waived since, for organizational reasons, it was
not possible to obtain it (pronouncement of the
Data Privacy Guarantor Authority, General
Authorization for personal data treatment for
scientific research purposes—no. 9/2014).

Identification of Study Population

Inclusion and exclusion criteria Between January
2010 and December 2020 (inclusion period),
adult (> 18 years) patients with AAV were
identified based on the following criteria: at
least one payment waiver code (RG00S0/
RGO070) or hospitalization (day hospital or
regular admission) with primary or secondary
discharge diagnosis of GPA (ICD-9-CM code:
446.4), or at least one payment waiver code
(RG0020) for MPA, in association or not with
hospitalization discharge diagnosis of MPA
(ICD-9-CM code 446.0) (Table 1). The date of
detection of one of the inclusion criteria was
considered as the index date. The characteriza-
tion period started 1 year before the index date
(thus from 1 January 2009 onward). The follow-
up period was all the available time after the
index date, at least 1 year (maximum until 31
December 2021). Patients with no continuous
inclusion during the study period were
excluded.

Demographic and clinical characteristics For the
whole sample population included in the study,
and for patients divided by type of disease, GPA,
and MPA, demographic and clinical character-
istics were collected: age at the index date, age
ranges (18-39 years, 40-59 years, 60-79 years,
and over 80 years), gender (expressed as per-
centage of male sex), and presence of comor-
bidities evaluated through the Charlson
Comorbidity Index (CCI), that assigns a score to
each concomitant disease [26]. The patients
were also characterized for their previous clini-
cal history, collecting data on the most com-
mon drug prescriptions and causes of
hospitalization.

Table 1 Inclusion criteria and study cohorts compared in
the analysis: GPA and MPA

Inclusion criteria: Patients > 18 years old with at least one
exemption code or hospitalization (day hospital or
regular admission) with primary or secondary discharge
diagnosis of granulomatosis with polyangiitis (GPA), or
at least with at least one exemption code of
microscopic polyangiitis (MPA), during the inclusion
period (January 2010-December 2020). The patients
were assigned to one of the two mutually exclusive

cohorts

GPA cohort MPA cohort

All patients who met one of All patients who met the
the following criteria were
included in GPA cohort:

following criterion were
included in MPA cohort:

Payment waiver code

(RG0020) for MPA®

Payment waiver code

(RG0050/RG0070) for

GPA During the inclusion
OR period

Hospitalization (day *MPA patients were

hospital or regular identified by the presence
admission), with primary of exemption code (in
or secondary discharge association or not with
diagnosis of GPA (ICD-9-
CM code: 446.4), during

the inclusion period

hospitalization diagnosis
code ICD-9-CM code
446.0)

Clinical outcomes After inclusion, all patients
were evaluated for their therapeutic regimens
by analyzing the most frequently prescribed
drugs during follow-up. Moreover, outcomes
were assessed using the following indicators: (1)
AAV-related hospitalizations, with a primary
discharge diagnosis for GPA (ICD-9-CM code:
446.4), or MPA (ICD-9-CM code: 446.0); (2)
end-stage renal disease (ESRD), including dial-
ysis and renal transplant (ICD-9-CM codes
V42.0, V56.0, as primary or secondary diagno-
sis; 55.6, 39.95, 54.98, as primary or secondary
procedures; or specialistic codes 39.95, 54.98);
and (3) death.
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Analysis of Healthcare Resource Use
and Costs for the NHS

During the first year and all follow-up periods,
healthcare resource utilization per alive patients
was assessed in terms of the number of drug
prescriptions (by considering any medication),
hospital admissions (ordinary and day hospi-
tal), and outpatient specialist services (labora-
tory tests, specialistic wvisits, diagnostic
procedures).

The related mean annual direct costs sus-
tained by the NHS were then estimated in
overall AAV, GPA, and MPA patients divided
according to the presence or absence of GC
treatment (ATC Code: HO2AB) during follow-
up. The evaluation of healthcare expenditures
was then replicated on the patients further
stratified by type of code used at inclusion,
payment waiver code, or hospitalization code.
Outliers (patients whose costs exceeded more
than 3 times the standard deviation over the
mean value) were excluded from all the
analyses.

Statistical Analysis

A descriptive statistical analysis was used for
continuous variables, presented as mean =+ s-
tandard deviation, and categorical variables,
presented as numbers and percentages. In some
subgroups composed of less than four patients,
data were not issuable (N.I.) for data privacy,
since the results might be potentially referable
to single individuals, in compliance with the
Italian code for protection of personal data
(“Codice in materia di protezione dei dati per-
sonali”, D. Lgs. 196/2003).

After adjusting for baseline-confounding
variables using a generalized linear model
(GLM), correlation analysis was applied to
identify the potential predictors of increased
healthcare costs, reporting 95% confidence
intervals (CI) for regression coefficient, , by
adjusting for the variables assessed at baseline
(age, gender, comorbidity index, use of GC, the
inclusion criterion used for GPA and MPA
detection). A p value below 0.05 was considered
as statistically significant, and all the analyses

were performed using STATA SE, version 17.0
(StataCorp, College Station, TX, USA).

RESULTS

Identification of the Study Population

From the sample population of almost
12,000,000 health-assisted individuals followed
at the participating healthcare units, 859
(0.01%) AAV patients meeting the inclusion
criteria were identified, and then assigned to
two mutually exclusive cohorts of 713 (83%)
GPA patients or 146 (17%) MPA patients. Each
cohort was further stratified according to the
presence/absence of GC therapy. Regardless of
the type of disease, the majority of patients
received GC treatment: specifically, the pro-
portion of GC-treated was 79.4% (566 out of
713) among GPA-affected patients, and 78.8%
(115 out of 146) among MPA patients. The
flowchart detailing the scheme of patients’
selection and numerosity of each subgroup is
depicted in Fig. 1.

Baseline Characteristics of the Study
Population

The baseline demographic and clinical features
of the overall AAV population, and of the two
study cohorts of GPA and MPA patients, are
detailed in Table 2. Male gender was slightly
underrepresented in the MPA patients, the age
was on average around 57-58 years in all
groups, and the CCI was relatively mild, rang-
ing from 1.0 in MPA group to 1.3 among GPA
patients (p <0.01).

The detailed lists of the most commonly
prescribed drugs and causes of hospital admis-
sion during the characterization period are
reported, respectively, in Tables S1 and S2 in the
supplementary material. In both GPA and MPA
groups, antibacterials for systemic use, corti-
costeroids for systemic use, and drugs for acid-
related disorders were found to be the most
frequent medications (in a range between 73
and 84% of the patients). The same trend in
drug prescription was also found at 1-year
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Sample population
12,100,000

Patients with at least one inclusion
criterion for GPA or MPA

N=859 (0.01%)

GPA
N=713 (83.0%)

Treated with GCs
N=566 (79.4%)

Not treated with GC
N=147 (20.6%)

MPA
N=146 (17.0%)

Treated with GCs
N=115 (78.8%)

Not treated with GCs
N=31(21.2%)

Fig. 1 Flow chart for the identification of the study population of AAV patients

Table 2 Baseline demographic and clinical characteristics of GPA, MPA and overall AAV patients

Overall AAV patients GPA patients MPA patients p value
(n = 859) (= 713) (n = 146)
Male gender 383 (44.6%) 326 (45.7%) 57 (39.0%) 0.139
Age at index-date, 522 + 15.7 57.0 £ 15.6 58.0 + 16.0 0.467
years
Age groups 0.623
18-39 years 133 (15%) 108 (15%) 25 (17%)
40-59 years 308 (36%) 264 (37%) 44 (30%)
60-79 years 369 (43%) 301 (42%) 68 (47%)
> 80 years 49 (6%) 40 (6%) 9 (6%)
CCI 12+12 13£12 1.0+ 1.3 0.01

Significant p values (referred to the comparisons of GPA vs. MPA cohorts) are highlighted in bold

follow-up (Table S3). The most common causes
of hospitalization were those related to the
musculoskeletal system and connective tissue in
both cohorts (above 14%), to the respiratory
system in GPA patients (12.3%), and to the
renal/urinary tract in MPA patients (16.4%).

Therapies and Clinical Outcomes
during Follow-Up

At the first year of follow-up, systemic corti-
costeroids were administered in 79.4% of GPA

and 78.8% of MPA patients, and immunosup-
pressive drugs in 38.1% of GPA and 39.7% of
MPA patients (Table S3 of the supplementary
material). Immunosuppressive agents were
identified by the ATC code 104, which includes
selective immunosuppressants, tumor necrosis
factor alpha (TNF-o) inhibitors, interleukin
inhibitors, calcineurin inhibitors, and other
immunosuppressants.

Table 3 describes the clinical outcomes in the
overall AAV patients, and in those divided
according to disease form, GPA or MPA. The
variables used to evaluate outcomes, namely
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Table 3 Clinical outcomes of overall AAV, GPA, and MPA patients evaluated through AAV-related hospitalization, onset
of ESRD, and mortality, reported as occurrence and days-to-events

Overall AAV patients GPA patients MPA patients p value
(n = 859) (n =713) (7 = 146)
Event occurrence
AAV hospitalizations 222 (25.8%) 203 (28.5%) 19 (13.0%) <0.001
ESRD 96 (11.2%) 73 (10.2%) 23 (15.8%) 0.054
Death 144 (16.8%) 127 (17.8%) 17 (11.6%) 0.069
Time to event, days
Days to AAV 468.9 + 611.5 445.0 & 600.4 724.1 & 685.8 0.057
hospitalization
Days to ESRD 380.9 £ 707.7 265.0 £ 616.5 748.7 = 856.2 <0.01
Days to death 810.3 £ 934.6 745.7 + 905.8 1293.2 £+ 1032.1 <0.05

Significant p values (referred to the comparisons of GPA vs. MPA cohorts) are highlighted in bold

Table 4 Healthcare resource consumption calculated on alive patients at 1-year follow-up in overall AAV, GPA, and MPA

patients
Overall AAV patients GPA patients MPA patients p value
(2 = 790) (n = 649) (n = 141)
Drugs (prescriptions) 22.1+138 214+ 135 249 £+ 14.8 <0.01
Ordinary hospitalizations 07+£12 07+13 03 £0.7 <0.001
Day hospital admissions 03+£06 03+£0.6 0.1 +04 <0.01
Outpatient specialist services 10.1 £ 12.0 9.9 £ 12.0 11.0 = 12.0 0.312

(prescriptions)

Significant p values (referred to the comparisons of GPA vs. MPA cohorts) are highlighted in bold

AAV-related hospitalization, onset of ESRD, and
mortality were assessed in terms of rates (num-
ber and percentage) and days-to-events (ex-
pressed as mean =+ standard deviation). As
reported in Table 3, the GPA cohort was char-
acterized by a higher frequency of AAV hospi-
talization compared to MPA (28.5% vs. 13.0%,
p<0.001) and a rising trend in mortality rate
(17.8% vs. 11.6%, p =0.069). These outcome
variables indicated GPA as a disease form with a
worse phenotype, with the exception of ESRD
that appeared with higher frequency but a later

onset in MPA patients (10.2% vs. 15.8%,
p =0.054).

Total Mean Annual Direct Healthcare
Costs during Follow-Up Period

The consumption of healthcare resources is
reported in Table 4: compared to MPA, the GPA
cohort was associated to higher numbers per
alive patient of all drug prescriptions (p < 0.01),
hospital admissions, both ordinary (p <0.01)
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Mean costs

p=0.925
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Fig. 2 Total mean annual cost during follow-up period, by
presence of GC treatment in overall AAV, GPA, and MPA
patients. Significant p values (referred to the comparison of

A. Patients included by payment waiver code

20,000 €
15,000 €
2
%
o
o
i=4
S 10,000 €
=
p<0.001
soo0e PO s 4.806
p<0.! =0 05
p<0.05 p=0.059
2,302 0 005 2,044
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hospitaliz.  admissions  specialist

services

GC-untreated

Fig. 3 Total mean annual cost in GC-treated (red bar)
and untreated (gray bar) in overall AAV patients during
follow-up period, by type of enrollment, payment waiver

and day hospital (p <0.01), and outpatient
specialist services (not significant).

When analyzing the overall AAV population,
the total annual mean healthcare cost per
patient averaged €8564 (€9262 and €5207 for
GPA and MPA patients, respectively). The GLM
model adjusted for baseline covariates identified
as potential predictors of increased healthcare
costs the therapy with GCs (4 €1486.9; 95% CI
680.0-2293.7, p <0.001), older age (+ €28.2 for

B GC-treated

GC-treated vs. untreated within each cohort) are high-
lighted in bold

B. Patients included by hospitalization code

p=0.408
20,000 € 19.856
p<0.05
16,832 16,949
15,000 €
%
%
8
c 10,329
$ 10,000 €
=
5,000 € p<0.01 PO
! 3,509
2617 p=0.358
1,502
721 l 79 493
O € -_—
Drugs Ordinary  Day hospital Outpatient Total
hospitaliz.  admissions specialist

services
B GC-treated

code (A) or hospitalization (B). Significant p values
(referred to the comparison of GC-treated vs. untreated)

are highlighted in bold

each unitary year; 95% CI 7.8-48.6, p <0.01),
worse comorbidity profile assessed by CCI
(+€1142.45; 95% CI 546.6-1738.3, p <0.001),
and type of inclusion criterion (hospitalization
with respect to payment waiver code) (Table S4
of the Supplementary Material).

A detailed analysis of annual mean health-
care costs was then performed during the fol-
low-up period for overall AAV, GPA, and MPA
cohorts divided by the presence/absence of at
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least one prescription of GCs (Fig. 2). The total
healthcare direct costs tended to be increased in
GC-treated patients (in agreement with the
results obtained from the GLM regression
model) in the overall AAV population, as well as
in each disease cohort (GC-treated vs. GC-un-
treated: €8728 vs. €7911 for overall AAV,
p=0.540; €9292 vs. €9143 for GPA, p =0.935;
€5967 vs. €2390 for MPA, p <0.05). In detail,
GC-treated patients showed higher costs for
drug expenses (GC-treated vs. GC-untreated:
€2404 vs. €874 for overall AAV, p <0.001; €2510
vs. €878 for GPA, p <0.001; €1881 vs. €854 for
MPA, p<0.05) and for outpatient specialist
services (GC-treated vs. GC-untreated: €1875 vs.
€819 for overall AAV, p <0.05; €1832 vs. €832
for GPA, p=0.057; €2088 vs. €759 for MPA,
p=0.186). On the other hand, the presence of
GC-treatment resulted in lowered costs (not
significantly) for ordinary hospitalizations, but
only in GPA and overall AAV patients (GC-
treated vs. GC-untreated: €4175 vs. €5912 for
overall AAV, p=0.130; €4665 vs. €7078 for
GPA, p=0.078; €1829 vs. €681 for MPA,
p=0.107). Due to the fact that, in the current
analysis, the mean annual costs related to MPA
(included by payment waiver code) were lower
than those estimated in GPA patients (included
both by payment waiver code and by disease-
specific hospitalization), the next step was to
evaluate whether the inclusion criteria might
have affected the healthcare costs. As shown in
Fig. 3, total costs averaged €2044 (GC-un-
treated) and €4806 (GC-treated) in AAV-patients
included by payment waiver code, and €19,856
(GC-untreated) and €16,949 (GC-treated) in
AAV-patients included by hospitalization (with
the most impactive item being that related to
hospital stay expenditures).

DISCUSSION

AAV represents a rare disease with a multifac-
torial etiology that can lead to organ failure and
ultimately death [27]. This analysis of a real-life
Italian clinical setting focused on the most
common AAV forms, namely GPA and MPA,
reported to have a later clinical onset, respec-
tively 45-65 years and 50-60 years compared to

EGPA, which presents more commonly between
30 and 50 years [2-5]. In line with these trends,
our GPA and MPA patients were aged approxi-
mately 57-58 years, in general comparable
between the two disease forms [28]. In contrast
with previous studies [8], our population
showed a slightly female predominance, but
some divergences in demographic and epi-
demiological data of AAV are expected among
studies conducted on different ethnicities and
geographical areas [8, 9]. The sample of patients
included here revealed a prominent occurrence
of GPA, which accounted for 83% of overall
AAV patients, consistent with recent real-world
data by Quartuccio et al. referred to the north-
ern Italian region, Friuli Venezia Giulia [25].
However, when comparing our findings with
international reports, we noticed some discrep-
ancies that, as mentioned above, are not sur-
prising given the wide variability of AAV
worldwide [9]. In the front of the increasing
availability of AAV epidemiological data in US
and Europe, there are few studies from central
and Latin America, Asia, and Oceania, and often
with contrasting results. In reports from a
Peruvian population [29] and Asian countries
[30], MPA was more frequent than GPA, while
studies in south-eastern Australia found MPA as
less common than GPA, similar to Europe
(8, 31].

Evaluating the clinical outcomes in the two
disease forms, GPA appeared to be associated
with a worse phenotype, as documented by the
higher rate and the shorter times to the occur-
rence of AAV-related hospitalizations and
death. There are conflicting data on the severity
of the two AAV conditions in the literature, but
this can be again feasibly explained by the
ample global variations of this rare disease in
both epidemiological and clinical presentation.
A recent real-word analysis by Bataille et al. on
French health insurance databases (covering
about 76% of the country population) revealed
that MPA was associated with a 1.3-fold increase
in standardized mortality ratio and more fre-
quent renal, lung, and cardiac complications
and urinary tract infections than GPA [32].
Another large 20-year US study on the medical
records of patients with a diagnosis or suspected
diagnosis of AAV in Minnesota between 1996
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and 2015 described higher rates of mortality in
patients with MPA or EGPA, but not patients
with GPA, with respect to the general popula-
tion [33].

In our sample, we found a greater frequency
of ESRD in the MPA cohort, and this is an
expected result, given that this form is known
to be more commonly associated with renal
involvement [3, 13]. Surprisingly, in spite of the
larger proportion of MPA patients with renal
failure, we noticed a later time of onset of ESRD
in comparison with the GPA group. There
might be several hypotheses behind this obser-
vation. One point might lie in the markedly
smaller MPA cohort, composed of only 146
subjects, that might have affected its represen-
tativeness. Secondly, MPA patients showed
more than doubled kidney-related hospitaliza-
tions compared to GPA ones. We can postulate
that, since MPA patients are more prone to
develop renal complications, as reported in the
previously mentioned French study by Bataille
and colleagues [32], they might have undergone
a stricter surveillance by the nephrologists in an
effort to slow the progression towards renal
insufficiency. Nevertheless, any apparently
unusual finding in AAV studies should be
viewed with caution, in consideration of the
unpredictable and highly variable clinical phe-
notypes of the three known pathological forms
of AAV, namely GPA, MPA, and EGPA.

The issue of AAV treatment still remains the
most puzzling question. While part of the
patients achieve at least a temporary remission
with the current standard of care, the extended
recourse to GCs deserves much more attention
from physicians in view of the clinical com-
plexity of patients who have to receive life-long
or prolonged immunosuppression [34]. Also,
GCs, antibiotics, and drugs for gastrointestinal
symptoms were the most prescribed medica-
tions in both GPA and MPA groups. As for other
pathologies that require long-term therapy with
GCs, the extensive use of systemic antibacterial
drugs is plausibly due to the increased suscep-
tibility to infections in immunosuppressed
patients, as largely corroborated by the litera-
ture [35-37]. Prescriptions for the treatment of
gastric acidity were observed in over 74% in
GPA and 84% of MPA patients, and such

elevated percentages might be feasibly
explained by the protracted exposure to GCs
[38], as well as by systemic vasculitis itself, often
characterized by gastrointestinal symptoms
[39, 40] and gut microbiota alterations [41].

To the best of our knowledge, this is the first
study to analyze the economic burden of AAV
patients stratified by GC therapy. We found that
GC-treated patients were characterized by a
trend towards increased overall higher health-
care costs, mainly driven by drug expenses and
outpatient specialist services, but partly coun-
terbalanced by lower costs for ordinary hospi-
talizations, except in the MPA group. Moreover,
the GLM logistic model showed that healthcare
costs were also predicted by the patients’ older
age and their comorbidity profile. Although
pharmaco-economic studies on the impact of
GC therapy in AAV patients are lacking, we can
postulate that GC-treated patients might have
received clinical benefit in terms of a lower rate
of remissions or complications requiring hos-
pitalization, in front of a greater recourse to co-
medications and specialist services, likely
attributable to steroid-induced immune sup-
pression [34-37], but also to baseline patient
characteristics such as older age and complex
clinical profiles. Moreover, regardless of the
presence or not of treatment with GCs and the
type of cost item, GPA affected the healthcare
expenses to a larger extent compared with MPA,
confirming that the worse clinical phenotype of
GPA led to a markedly heavier impact on sus-
tainability by the Italian NHS. This finding is
consistent with the recently published data by
Quartuccio et al., who estimated an annual cost
per patient in the province of Udine of €5199
for GPA and €4771 for MPA [25]. A large study
by Schmidt et al. on the economic burden of
AAV was performed on almost the entire French
population using the main public databases of
the National Health Insurance. The analysis
estimated a mean annual cost per patient of
€26,560 for overall AAV incident patients,
€24,570 for GPA only, and €30,464 MPA only,
mostly burdened by expenses for hospitaliza-
tions (60%) and drugs (9%). The partial dis-
crepancy with our data might lie in the different
approach for the calculation of costs used in the
French study, which included direct or indirect
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healthcare resource consumption, associated or
not to disease management, in terms of medi-
cations, consultations, laboratory assays, medi-
cal devices/procedures, invalidity,
transportation to healthcare facilities, and
internal and external consultations in public
hospitals [42]. When we further stratified the
population by the type of inclusion criterion,
the distribution of healthcare expenses across
the various cost items highlighted some differ-
ences compared to the global cost analysis
described above. Patients included by the pay-
ment waiver code were characterized by lower
healthcare direct annual costs and the presence
of GC treatment resulted in increased overall
healthcare expenditure, mostly related to med-
ications and ordinary hospitalizations. On the
other hand, when examining the costs in
patients included by hospitalization code, the
mean annual costs were almost fourfold higher
with respect to the payment waiver code-in-
cluded patients. In particular, the total costs
were tendentially lower in GC-treated patients,
with ordinary hospitalizations as the most
impactive item, but this might be explained by
the use of hospitalization codes to carry out this
sub-analysis.

The limitations of the present analysis
mainly lie in its retrospective observational
design and the recourse to data taken from
administrative databases that could lack some
information. Thus, there might have been
incomplete documentation on comorbidities
and their severity, since pre-existing concomi-
tant diseases were extrapolated in the year prior
the index date using drug treatments and hos-
pitalizations as proxy for diagnosis, thus
untreated or non-hospitalized comorbidities
were not captured. Moreover, differently from
RCTs, in observational retrospective real-world
analyses, patients meeting the inclusion criteria
are consecutively selected from the administra-
tive databases, so variables like age and sex
distributions are beyond the control of the
investigators. For this reason, patient charac-
teristics could not be matched a priori between
the GPA and MPA cohorts. Indeed, while mean
age was comparable, there was a slight non-
statistically significant imbalance in gender
distribution, as males were more represented

among GPA patients compared to those affected
by MPA. At enrolment, a significant difference
between the groups emerged for CCI, suggest-
ing that GPA patients are burdened by a more
complex comorbidity profile, consistent with
the overall message of this analysis. Moreover,
the data should be interpreted by considering
that GPA patients were included by hospital-
ization diagnosis or payment waiver code, while
MPA patients were included by payment waiver
code, independently of the presence of a hos-
pitalization diagnosis. This criterion was adop-
ted since, for MPA, the hospitalization code
ICD-9-CM 446.0 is not disease-specific (it is a
comprehensive code for “Polyarteritis nodosa
and allied conditions”); thus, to overcome the
patient selection bias, the specific payment
waiver code was considered. This approach
could have led to an underestimation of MPA
patients. Lastly, the GLM model was developed
to evaluate predictors of costs among baseline
confounding variables; however, additional
covariates not assessed in the present analysis
could have been impacted the economic
outcomes.

CONCLUSIONS

The present real-world analysis confirmed that
AAV is associated with unfavorable clinical and
economic outcomes. In our sample, consisting
of patients affected by the two most common
forms of the disease, GPA and MPA, the first was
more frequent and associated with a worse
phenotype, a trend of higher mortality, and a
heavier burden in terms of healthcare resource
consumption and related direct expenses sus-
tained by the Italian NHS. Here, we conducted
for the first time a pharmaco-economic inves-
tigation on AAV patients stratified by type of
disease, GPA versus MPA, by the presence/ab-
sence of steroid treatment, and by the type of
code used at inclusion, namely payment waiver
code or hospitalization code. The emerging
message of these analyses and subanalyses was
that drug expenses and hospitalization were
commonly the most impactive cost item on the
overall burden, confirming the clinical com-
plexity of patients under chronic or prolonged
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immunosuppression with GCs. Further efforts
are needed to optimize AAV management, with
the goal of ameliorating the clinical outcomes
of AAV patients and alleviating the resulting
economic burden for the NHS.
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