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disease.

manifestations of the disease.

What is already known about this topic? Asthma and rhinitis are main characteristics of eosinophilic granulomatosis
with polyangiitis (EGPA), but very few studies have reported the clinical, functional, and biological features of upper and
lower airway components in patients with EGPA under systemic remission.

What does this article add to our knowledge? Our study shows that poor control of airway symptoms and biomarkers

may be observed in a large proportion of patients with EGPA who are in remission from systemic manifestations of the

How does this study impact current management guidelines? This study provides a multidisciplinary approach to the
management of patients with EGPA, identifying the tests and biomarkers to be monitored to better control the respiratory

BACKGROUND: Eosinophilic granulomatosis with polyangiitis
(EGPA) is a systemic necrotizing vasculitis that occurs in patients
with asthma, nasal disease, blood and tissue eosinophilia, and
extrapulmonary manifestations.

OBJECTIVE: The aim of our study was to assess the clinical,
functional, and inflammatory status of upper and lower airways
in 37 patients with EGPA, examined 6.4 + 4.7 years after
diagnosis, when they were in partial or complete remission from
systemic involvement while on treatment with low-dose oral
corticosteroids as maintenance therapy.

METHODS: All patients performed spirometry and were
assessed for bronchial hyperreactivity, sputum eosinophilia, and
fractional exhaled nitric oxide; asthma control was evaluated
according to the Global Initiative for Asthma (GINA) guidelines
and the Asthma Control Test. Markers of systemic disease were
compared with the data available at diagnosis. Nasal involvement
was evaluated by using the Sino-Nasal Outcome Test, nasal
endoscopy, and nasal cytology. The impact on the quality of life
was evaluated by using generic (36-item short form health
survey) and organ-specific questionnaires.
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RESULTS: At the time of the study visit, almost all patients were
receiving low-dose oral corticosteroids and immunomodulating
drugs, but only 50% were being treated with inhaled cortico-
steroids. Although low systemic disease activity was documented
in the large majority of patients, poorly controlled asthma and
rhinosinusitis with eosinophilic airway inflammation were
demonstrated in almost all patients. A significant correlation was
found between sputum and blood eosinophilia and between
fractional exhaled nitric oxide and asthma control. The 36-item
short form health survey questionnaire results significantly
correlated with the Sino-Nasal Outcome Test but not with the
Asthma Control Test.

CONCLUSIONS: Systemic treatment controls systemic
involvement in EGPA, but not asthma and nasal diseases, which
negatively affects patients’ quality of life. © 2016 American
Academy of Allergy, Asthma & Immunology (J Allergy Clin
Immunol Pract 2016;4:512-9)

Key words: Granulomatosis; Vasculitis; Inflammation; Eosino-
philia; Asthma; Rhinosinusitis; Sputum; Nasal cytology

Eosinophilic granulomatosis with polyangiitis (EGPA,
previously called the Churg-Strauss syndrome)' is a rare,
small-sized vessel systemic necrotizing vasculitis traditionally
associated with antimyeloperoxidase antineutrophil cyto-
plasmic antibodies (ANCA-MPO).” EGPA occurs in patients
with asthma and sustained blood and tissue eosinophilia and is
characterized by a broad spectrum of systemic manifestations.
The course of EGPA is characterized by 3 partially overlapping
phases3’/': a prodromic phase, with asthma and rhinosinusitis;
an intermediate eosinophilic phase, with blood eosinophilia
and evidence of eosinophil-induced organ damage; and a third
phase characterized by the development of systemic necro-
tizing vasculitis.”® The mean latency between the onset of
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Abbreviations used
ACT- Asthma Control Test
ANCA- antineutrophil cytoplasmic antibodies
ANCA-MPO- antimyeloperoxidase antineutrophil cytoplasmic
antibodies
ECP- eosinophil cationic protein
EGPA- eosinophilic granulomatosis with polyangiitis
BVAS- Birmingham Vasculitis Activity Score
CS- corticosteroids
ENT- ear-nose-throat
FENo- fractional exhaled nitric oxide
GINA- Global Initiative for Asthma
ICS- inhaled corticosteroids
nNO- nasal nitric oxide
SF-36- 36-item short form health survey
SNOT- Sino-Nasal Outcome Test

asthma and the vasculitic phase has been estimated to be
approximately 3 to 9 years but may also last as long as
30 years.””®

One nearly universal feature of EGPA (diagnosed in 96%-
100% of cases) is bronchial asthma, which generally manifests in
adult age. It is often refractory to the traditional inhaled treat-
ment and requires treatment with oral corticosteroids (CS) to be
adequately controlled.”"" Symptoms of asthma may decrease as
the vasculitic phase ensues,' "'? but the exact relationship be-
tween the natural course of asthma and the other manifestations
of systemic EGPA is still mostly unknown.

So far, the studies that have addressed lung function and
asthma control in patients with EGPA are still few and mostly
describe cases in which the persistence of a moderate to severe
asthma did not allow the withdrawal of oral CS.'*'* Moreover,
few studies address local inflammatory markers, which are
essential for the assessment of the cosinophilic inflammation.'* ">

The purpose of our study was to describe the upper and lower
airway involvement in patients with EGPA under treatment with
systemic drugs and with partial or complete remission of the
systemic involvement. In particular, we compared the clinical
and functional manifestations of asthma (including asthma
biomarkers) and nasal involvement, with the systemic and
serologic features of the disease; finally, we explored the impact
of asthma and rhinitis on quality of life.

METHODS
Study design and patients

This was a single-center cross-sectional study including 37 un-
selected patients affected by EGPA, presenting between January
2011 and March 2012 for their periodic follow-up visit at the
Rheumatology Unit of the University Hospital of Pisa. The Uni-
versity Hospital of Pisa is a national referral center for antineutrophil
cytoplasmic antibodies (ANCA)-associated vasculitis and tradition-
ally provides an interdisciplinary approach to patients with EGPA,
which comprises rheumatologic, otolaryngoiatric (ear-nose-throat
[ENT]), and pulmonary evaluations.

Criteria for inclusion in the study were the fulfillment, at the time
of the diagnosis, of at least 4 of the 6 classification criteria for allergic
granulomatosis and angiitis, as defined by the American College of
Rheumatology (Table 0.1°

Patients’ clinical history was reconstructed by consulting patient
records available at the Rheumatology Unit. The information
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TABLE 1. 1990 Criteria for the classification of Churg-Strauss
syndrome *

Asthma

Eosinophilia >10%
Neuropathy, mono or poly
Pulmonary infiltrates, nonfixed
Paranasal sinus abnormality

Extravascular eosinophils

*For classification purposes, a patient shall be said to have Churg-Strauss syndrome
if at least 4 of these 6 criteria are positive. The presence of any 4 or more of the 6
criteria yields a sensitivity of 85% and a specificity of 99.7%."°

collected included demographical data; the age at diagnosis of
EGPA, asthma, and sinusitis; and cumulative clinical and immu-
nologic features during disease evolution after diagnosis (particularly
eosinophil count and ANCA status).

EGPA disease activity was assessed at diagnosis and at the study
visit and classified in accordance with the Birmingham Vasculitis
Activity Score (BVAS), version 3."” The BVAS is an internationally
recognized tool used for the assessment of disease activity in systemic
vasculitis. The form is divided into 9 organ-based systems, and
disease features are scored only when due to active vasculitis, after
excluding other causes (eg, infections and hypertension). Scores have
been weighted according to the severity of each sign or symptom,
ranging from 0 to 63. Information on the therapeutic strategies
adopted for the induction and maintenance of EGPA remission was
collected throughout the period between the diagnosis and the study
visit. In addition to a complete rheumatologic assessment, the study
visit evaluation included a pulmonary and ENT evaluation.

At the first study visit, patients underwent a rheumatologic
assessment that included a global clinical evaluation and the
following laboratory tests: erythrocyte sedimentation rate, C-reactive
protein, blood cell count, renal and liver function blood tests, lactate
dehydrogenase, urine analysis, serum IgE levels, serum interleukins,
eosinophil cationic protein (ECP), and ANCA-MPO/proteinase 3.
Damage caused by vasculitis or its treatment was assessed at the
study visit by using the Vasculitis Damage Index. The Vasculitis
Damage Index is composed of 64 items (grouped into 11 organ-
based systems) defined by a consensus of experts. In the Vasculitis
Damage Index, damage was defined as an irreversible scar lasting
more than 3 months.'® As for the evaluation of systemic involve-
ment, at the study visit each patient underwent a standard chest
X-ray and an abdominal and cardiac ultrasound study. Only patients
with specific symptoms or abnormalities observed at the first eval-
uations underwent other specific tests, such as the electromyog-
raphy/electroneurography in patients with peripheral nervous system
symptoms, lung computed tomography scan, or cardiac magnetic
resonance imaging, to propetly evaluate organ involvement/damage.

Patients’ health status and quality of life were classified on the
basis of scores obtained with the 36-item short form health survey
(SF-36) questionnairew from which 2 indices were derived—one for
physical health (Indice di Salute Fisica) and one for mental health
(Indice di Salute Mentale [ISM])—which were then compared with
data from literature.”

At the second study visit, which took place a few days after the first
visit, patients underwent both ENT and lung evaluation. Nasal
endoscopy and cytology were performed for the definition of the nasal
disease. The 22-item Sino-Nasal Outcome Test (SNOT-22) was used
as a nose-related quality-of-life questionnaire.”’ Confirmation of
diagnosis of asthma and evaluation of asthma severity/control were
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done through a clinical assessment, spirometry, methacholine chal-
lenge test, exhaled nitric oxide measurement (fractional exhaled nitric
oxide [FENO]), and sputum induction.

This observational study was approved by the local ethic
committee.

Measures

General clinical assessment and blood laboratory tests were
performed in the Rheumatology Unit, according to standard pro-
cedures. Serum IL-5, IL-2, IL-4, and ECP levels were assessed by
commercial ELISA kits. ANCA were detected by ELISA against
proteinase 3 and MPO.

Asthma control was established according to GINA guidelines”
and by the ACT questionnaire. Quality of life related to asthma
was evaluated by using the Asthma Quality of Life Questionnaire.*

Pulmonary function tests and diffusing lung capacity of carbon
monoxide were measured by using a Medical Graphics Elite Series
Tm Plethysmograph (St Paul, Minn). The results were interpreted
according to the European Respiratory Society criteria.”*

The methacholine challenge test was performed after a 24-hour
withdrawal of the inhalation therapy. The drug was delivered
using a DeVilbiss 646 jet nebulizer (Sigma, St Louis, Mo), and the
cumulative provocative dose of methacholine producing a 20%
fall in FEV, was calculated.”

Sputum induction was performed according to a validated pro-
tocol, and sputum plugs were selected and processed in our labo-
ratory as previously reported.”® Inflammatory cell percentages were
counted and sputum quality was confirmed by high viability index
and acceptable percentages of squamous cells. Sputum eosinophil
percentages of more than 2% were considered abnormal.

Exhaled nitric oxide was measured in real time by using a HypAir
FENO analyzer (Analytical Instruments, Sorinnes, Belgium) on a single
10-second breath against a resistance that resulted in an expiratory flow
of 50 mL/s. Normal value was set at 25 ppb.”” Nasal nitric oxide
(nNO) measurement was performed using the same equipment. The
nNO gas sampling method used was the oral exhalation against
resistance; the nINO was aspirated via a nasal olive probe inserted into
the nostril by a passive sampling flow rate of 5 mL/s, as reccommended
by the American Thoracic Society/European Respiratory Society.”’

ENT examination consisted of nasal endoscopy, performed
according to standard recommendations, and nasal cytology, per-
formed according to Gelardi et al.”® The potential diagnoses were (a)
normal, (b) rhinitis, or (c) chronic rhinosinusitis.”” Rhinitis (b) was
clinically diagnosed on the basis of the occurrence of symptoms of
nasal obstruction, rhinorrhea, itching, and sneezing and was
considered allergic (allergic rhinitis) in the presence of positive skin
test results and a concordance between the sensitization and the
chronologic pattern of symptoms or nonallergic rhinitis with negative
or noncorrelating skin test results. Rhinitis was further specified
according to the predominant cellular population in nasal
cytology,™ and duration and severity of allergic rhinitis and nonal-
lergic rhinitis were classified according to Allergic Rhinitis and its
Impact on Asthma recommendations.”’ Diagnosis of chronic rhi-
nosinusitis (c) with or without nasal polyps was made in cases of
nasal blockage, postnasal drip, facial pain, reduction in smell, asso-
ciated with endoscopic nasal signs of polyps, mucopurulent
discharge, and/or mucosal edema.’” Radiology (sinus computed
tomography) was used only in those cases in which clinical and/or
endoscopic signs were not unequivocal.

Information on symptoms of rhinitis, facial and audiological
symptoms, sleep disorders, and physical and emotional problems was
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TABLE Il. Demographic and clinical characteristics of the patients
examined

Characteristic Value
Sex: female/male 17/20
Atopy %, yes/no 44.4/55.6
Smoke, yes/no/ex, n (%) 2 (5.4)/25 (67.6)/10 (27)
Body mass index, mean £+ SD 231 +23
Age at the onset of ENT involvement (y), 29.1 +£ 14.8
mean + SD
Age at asthma diagnosis (y), mean £+ SD 403 £15.8
Age at EGPA diagnosis (y), mean &= SD 49.2 £ 14.0
Age at study visit (y), mean = SD 55.6 £ 14.7

collected by means of SNOT-22—a 22-item qucstionnairejj that, in
comparison to the original 20-item SNOT-20 questionnaire, in-
cludes 2 extra questions concerning “nasal obstruction” and “olfac-
tory function.”

Statistical analysis

Data were expressed as mean = SD for continuous variables and as
absolute frequencies and percentages for nominal variables. Chi-
square and McNemar tests, ANOVA, and ¢ test were performed as
appropriate to determine any association between patients’ clinical and
serological parameters. Correlations between different variables were
analyzed using linear regression and the Spearman coefficient (P <
.05). Statistical analysis was carried out using SPSS 13 (SPSS Inc,
Chicago, II).

RESULTS

Table II presents demographic and clinic features of the 37
patients enrolled both upon diagnosis and at the study visit. All
patients had fulfilled 4 or more of 6 American College of
Rheumathology criteria for EGPA at diagnosis and had received
the diagnosis of EGPA at least 1 year before entering the study.
As expected, ENT involvement had been diagnosed first, fol-
lowed by asthma, and later by EGPA diagnosis. The mean in-
terval time between the diagnosis and the study visit was 6.4 £+
4.7 years (range, 1-18 years).

During the disease course, most of the patients (20 of 37) had
presented a prominent vasculitic phenotype, whereas 17 of 37
had developed clinical manifestations that could be related more
to the eosinophil infiltration of different organs and systems.

Table III summarizes the frequency of main EGPA-related
clinical and serologic manifestations at the time of EGPA diag-
nosis and at the study visit. The items included in the table refer to
disease activity at the time of the study examination, compared
with the same darta obtained at the diagnosis. The prevalence of
positive ANCA-MPO any time during the observation period was
32.4%, and only 3 patients had positive ANCA-MPO at the study
visit.”* The EGPA clinical presentation at diagnosis was generally
characterized by the sudden onset of a severe multiorgan systemic
disease; asthma, ENT involvement, and general symptoms were
the most commonly detected manifestations at the onset of the
disease, followed by lung infiltrates and skin involvement (vascu-
litic purpura in 27.0% and urticaria in 18.9%). In addition, one-
third of the patients presented involvement of the heart (5 patients
with myocarditis) and peripheral nervous system (distal symmetric
polyneuropathy or multiple mononeuropathy). Over time, initial



J ALLERGY CLIN IMMUNOL PRACT LATORRE ET AL 515
VOLUME 4, NUMBER 3
TABLE lll. Clinical and serologic EGPA manifestations reflecting disease activity at the disease diagnosis and at the study visit
Indicators of systemic disease At EGPA diagnosis At the study visit P value
Biological parameters
Eosinophilic count (cells/mm?), 3340 (830-18459) 470 (50-3360) .0001
median (range)
ECP (NV, 2.3-16 ng/L), median (range) NA 75.1 (32.6-200)
IL2 (NV, 0-2 pg/mL), median (range) NA 4.8 (0-11.4)
IL4 (NV, 0-5.8 pg/mL), median (range) NA 0.5 (0.2-44.3)
ILS (NV, 0-25.8 pg/mL), median (range) NA 2 (0.5-34)
ANCA-MPO positivity, n (%) 12 (32.4) 3 (8.1) .001
Organ involvement and manifestation of systemic disease, n (%)
Lung infiltrates 17 (45.9) 12.7) .0001
Peripheral nervous system 9 (24.3) 8 (21.6) NS
Constitutional symptoms 30 (81.1) 7 (18.9) .0001
Skin 17 (45.9) 3 (8.1) .0001
Purpura 10 (27.0) 0 (0) .004
Abdomen 10 (27.0) 2(54) .008
Heart 7 (18.9) 2(5.4) NS
Kidney 2(54) 127 NS
Clinical score of systemic disease, mean = SD
BVAS (range, 0-63) 163 £ 74 27 £20 .001
VDI (range, 0-64) 0 2.8 £2.1 .001

NA, Not available; NS, not significant; NV, normal value; VDI, Vasculitis Damage Index (validated tool for the assessment of damage related to vasculitis or its treatment).

TABLE IV. Functional and biological pulmonary features in patients with EGPA at the study visit, according to the level of asthma control

(GINA criteria)

Patients with well-/partly controlled asthma

Patients with poorly controlled asthma

Feature (n = 16) (n = 21) P value
ACT score, 23 +£ 1.5 17+ 3 .001
mean + SD
FEV; % predicted, mean + SD 90 + 14 74.7 + 19 .002
(4 patients [25%] < 80%) (16 patients [76 %] < 80%)
FEV,/FVC, mean + SD 719 + 5.17 61.2 + 9.65 NS
(4 patients [25%] < 70) (16 patients [76 %] < 70)
DLCO 86.0 + 12.3 89.6 £ 15.1 NS
% predicted, mean £+ SD (4 patients [33%] < 80%) (6 patients [28%] < 80%)
PD,o FEV; methacoline (mg), geometric mean  0.255 0.246 NS
(3 missing. 5 patients [38.5%] < 1 mg) (3 missing. 14 patients [82.4%] < 1 mg)
Sputum eosinophils (%), 28 (0-55) 49 (2-91) .016
median (range) (4 missing. 12 patients [91.6%] > 2%) (3 missing. 18 patients [86 %] > 2%)
eNO, median (range) 38 (8-157) 40 (18-177) NS
(8 patients [5S0%] > 25 ppb) (15 patients [71%] > 25 ppb)
nNO (ppb), 656 (249-2480) 1800 (560-2500) .03
median (range)
Patients with CRSWNP, n (%) 7 (53.8) 12 (63) NS

CRSwNP, Chronic rhinosinustis with nasal polyps; DLCO, diffusion lung CO; eNO, exhaled nitric oxide; FVC, forced vital capacity; NS, not significant; PD,, FEV;, camulative
provocative dose of methacholine producing a 20% fall in FEV; SVC, slow vital capacity.

neurologic and cardiac symptoms improved in the vast majority of
the patients, but sequelae of neural and heart damage (such as
peripheral neuropathy or cardiomyopathy and valvular disease)
were persistently detectable in a substantial number of patients. In
contrast, abdominal signs and symptoms (ie, abdominal pain,
diarrhea), which had been observed in one-third of the patients,
completely resolved at the time of the study visit in a high per-
centage of patients; full-blown abdominal vasculitis with surgical
evidence of gut perforation/infarction was described in less

than 10% of the patients. Finally, renal involvement, a rare
complication of EGPA, was documented in only 2 patients; they
presented an interstitial renal nephritis and an IgA nephropathy,
respectively, and one of them developed chronic renal failure over
the follow-up. Accordingly, the mean BVAS at diagnosis was 16.3
=+ 7.4, whereas it was significantly lower at the time of the study
visit (BVAS = 2.7 £ 2.0; P < .0001), translating into a benign
clinical course. Most of the patients had blood eosinophil counts
and serum cytokine and ECP levels in the normal range.
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Induction therapy was based on the literature and the severity
of the clinical presentation: 19 patients (51.3%) had been treated
with oral or intravenous pulse cyclophosphamide associated with
systemic CS as first-line treatment, 10 with systemic CS alone,
and the remaining 8 had been treated either with oral azathio-
prine or with methotrexate. For the maintenance regimen, the
vast majority of patients were treated with methotrexate (66.7%)
followed by azathioprine (12.5%) and mycophenolate mofetil
(2.7%), and almost all the patients (96%) received low-dose oral
CS (a mean of 5 mg of oral prednisone). At the study visit, all the
patients were receiving low-dose oral CS (mean, 4.97 £ 1.88
mg); 19 (51%) patients were also receiving methotrexate (range,
7.5-15 mg/wk), whereas 1 patient (2.7%) was on a stable dose of
mycophenolate mofetil (2 g/d).

During the period between diagnosis and study visit, all pa-
tients underwent a periodic rheumatologic assessment, whereas
only 50% were regularly followed by a pulmonologist, had
received a correct diagnosis of asthma according to GINA
guidelines, and were under regular treatment with inhaled cor-
ticosteroids (ICS). Concerning the antiasthmatic treatment at the
study visit, we observed that all the patients of this group who
were regularly followed by a pulmonologist received combination
therapy with ICS and long-acting bronchodilators. Twenty-three
percent of the patients were treated with medium-dose ICS and
27% with low-dose ICS. Two patients received anticholinergic
drugs, and none received antileukotrienes. Only 2 patients
required anti-IgE treatment because of very poor asthma control.
Table IV presents the main pulmonary features of the patients
examined at the study visit, according to the level of asthma
control based on GINA guidelines. Airway obstruction was
observed in 78% of the patients, with an FEV] of less than 80%
of predicted in 51% of the cases, and bronchial hyperreactivity
(cumulative provocative dose of methacholine producing a 20%
fall in FEV; < 1 mg methacholine) was detected in 64.5% of the
31 patients who performed the methacholine challenge test.
Patients with bronchial hyperresponsiveness had poorer asthma
control (ACT, 19.4 £ 4.4 vs 22.5 £ 2.6; P < .05) and a higher
sputum eosinophil percentage (median [range], 55% [2.3%-
91%] vs 28% [0%-87%]; P < .05) in comparison with
patients without bronchial hyperresponsiveness.

Sputum eosinophilia and nNO concentration were signifi-
cantly higher in poorly controlled patients, whereas there were no
significant differences in diffusing capacity, bronchial hyper-
responsiveness, and prevalence of nasal polyps between patients
with well-/partly controlled asthma and patients with poorly
controlled asthma.

Most of the patients had high levels of sputum eosinophils and
nNO, regardless of the level of asthma control. No differences in
blood cytokine concentrations were observed between patients
with well-/partly controlled asthma and patients with uncon-
trolled asthma. Almost all patients received oral CS and immu-
nosuppressive drugs in relation to the level of activity and
damage of the systemic illness and apparently unrelated to
asthma severity and control. Among the patients with uncon-
trolled asthma, only 50% used ICS (82% of them were treated
with high-dose ICS/long-acting B, agonist combinations), while
75% of the patients with well-/partly controlled asthma used
inhaled therapy (25% of them were treated with high-dose
ICS/long-acting [, agonist combinations).

A significant correlation was found between sputum eosino-
phil percentage and blood eosinophils counts (» = 0.553;
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R=0,553*; P <0,001

Sputum eosinophils percentage

0 200 400 600 800 1000 1200 1400 1600 1800
Blood eosinophilic count

FIGURE 1. Linear correlation between blood eosinophil counts
and sputum eosinophil percentages in the whole group of patients
with EGPA.

P> .001) (Figure 1), between ACT and FEV, (r = 0.494; P <
.005), and between ACT and Feno (r = 0.456; P < .006)
(Figure 2). No correlation or association was found between the
level of the eosinophils in the sputum and the ongoing therapies
(ie, ICS, immunosuppressants).

In the ENT evaluation, almost all patients presented nasal
disease: 59.4% of the patients presented with chronic rhinosinustis
with nasal polyps, 21.9% with chronic rhinosinustis without nasal
polyps, 3.1% with allergic rhinitis, and 12.5% with nonallergic
thinits. Only 1 patient was defined as normal at ENT evaluation.
The analysis of the nasal cytology showed the presence of eosin-
ophilia in 57% of the examined samples; 4 of these patients
presented a chronic rhinitis without evidence of allergy, thus
receiving a diagnosis of nonallergic rhinitis with eosinophilia
syndrome (eosinophilic nonallergic rhinitis).

The Asthma Quality of Life Questionnaire score, a measure of
asthma-specific quality-of-life perception, was 5 %+ 1, and a score
of less than 4 (suggestive of a severe impairment in quality of life)
was reported by 4 patients (14.8%). The results of the SF-36
Health Survey demonstrated an impairment in general quality
of life, particularly in the index of physical health (ISF-36),
whereas we did not find any difference between patients with
EGPA and the reference healthy population in the mental health
index (ISM-36). There was no correlation between BVAS and
SE-36 ISP or SF-36 ISM. In contrast, SF-36 correlated signifi-
cantly with the SNOT-22 score (ISP-36: » = —0.478, P < .009;
ISM-36: » = —0.699, P < .001) (Figure 3) but not with the
ACT score (r = 0.24, P = not significant).

Before the study visit, disease relapses had been observed in
one-third of the patients, more frequently in those who showed a
positivity for ANCA (50% vs 23%, respectively), but indepen-
dent of the level of asthma control. Disease relapses were mostly
characterized by the occurrence or reappearance of EGPA’s
constitutional features (ie, fever, arthralgias), sometimes associ-
ated with organ systemic involvement (ie, lung infiltrates,
abdominal symptoms, and heart involvement).

DISCUSSION
This cross-sectional study evaluated the level of asthma control
and airway inflammation in a single-center cohort of patients
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FIGURE 2. Linear correlations between ACT and FEV, % predicted (/eft panel) or Feno (right panel) in the whole group of patients with

EGPA.
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FIGURE 3. Linear correlations between the SNOTT-22 score and physical (ISF) (/eft panel) or mental (ISM) (right panel) scores in the
whole group of patients with EGPA. /SF, Indice di Salute Fisica; /SM, Indice di Salute Mentale.

affected by EGPA with partial or complete remission of the
systemic involvement under treatment with oral CS and
immunomodulating drugs, and compared the asthma-related
findings with the other systemic and serologic features of the
disease. As highlighted by our findings, most of the patients
manifested uncontrolled asthma and nasal disease during periods
of low systemic activity of the disease.

All patients had a history of late-onset asthma that, on average,
predated the appearance of the first systemic disease manifesta-
tion by about 7 years, in agreement with previous literature.”’
Similarly, the nasal disease predated asthma by more than 10
years and the vasculitic phase by several years. Despite the high
level of activity of the systemic vasculitis at its first presentation,
all patients presented with low residual systemic disease activity
at the time of the study visit.

However, pulmonary abnormalities were frequently detected, as
demonstrated by the rate of airflow obstruction and the presence of
bronchial hyperreactivity. The objective assessment of asthma
control performed according to GINA guidelines and the subjec-
tive perception of asthma expressed by ACT were consistent with a

partial/poor asthma control in most of these patients. Similarly,
from the ENT perspective, almost all patients had a specific rhi-
nological disease with a high prevalence of nasal polyps, which
might negatively affect the asthma control. This was particularly
intriguing, considering that all patients were evaluated when their
condition reached a low disease activity level or was in clinical
remission, according to the BVAS. In other words, even though the
vasculitic features of EGPA were almost completely controlled by
standard maintenance therapy of low-dose oral CS and immuno-
modulating drugs, apparently both asthma and ENT involvement
were not sufficiently treated, leading to a negative impact on the
patients’ quality of life. It is noteworthy to highlight that the BVAS
did not correlate with the SF-36 score, whereas the SNOT-22
score significantly correlated with scores of the physical and
mental scales of the SF-36, emphasizing that ENT disease greatly
affected the health status of these patients. Our overall data support
previous findings, suggesting that control of asthma and ENT
involvement remains one of the unmet needs in EGPA.

We attempted to identify the reasons underlying the
discrepancy between the outcomes of asthma, ENT, and
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systemic manifestations in our cohort. We found that only half
of the patients received regular therapy with inhaled medication
for asthma and that only those with nasal polyps received topical
nasal therapy, in addition to systemic immunosuppressant and
oral CS treatment. This observation is consistent with the lack of
adherence to inhaled therapy observed in general populations of
patients  with asthma.””> PFurthermore, considering that, in
agreement with other data from the literature,”" at follow-up we
observed 12% cases of cataracts and 31% cases of osteoporosis
(iatrogenic effects of chronic usage of CS), it could be speculated
that the addition of an appropriate topical therapy to the sys-
temic treatment might have improved the disease control and
limited the risk of adverse effects from the long-term treatment
with systemic CS.

The crucial goal of treatment in EGPA should therefore aim
beyond achieving the control of the systemic inflammation, and
attempt to also achieve control of airway and nasal eosinophilic
inflammatory processes. From this perspective, having comple-
mentary instruments and biomarkers to monitor asthma and
ENT disease activity would be useful. In our patients sputum
analysis allowed us to verify in almost all cases the presence of an
important airway eosinophilic inflammation, with sputum
eosinophil percentages higher than those measured in those with
severe asthma without evidence of EGPA.” In a sample of 64
patients with severe asthma defined according to international
guidelines,”” we obtained a median value of sputum eosinophil
percentages of about 15% (unpublished data) compared with a
median of 55% in the present study. Bronchial and nasal
“eosinophilia” were thus more reliable in reflecting local
inflammation compared with other systemic biomarkers assessed
in the study (including ANCA status, peripheral blood eosino-
philia, interleukins, and ECP).

To date, this is the only study reporting a systematic assess-
ment of the level of airway inflammation and asthma control in a
large group of patients with EGPA; the only previous study that
measured sputum eosinophilia performed measurements on a
limited sample of only 3 subjects.'* The few data supporting the
usefulness of local inflammatory biomarkers in the assessment of
the asthma component in EGPA, and the main information
about bronchial inflammation, have been obtained using bron-
choalveolar lalvage,13 which is an invasive method difficult to
repeat during follow-up. The development of simple, noninva-
sive, and standardized methods for monitoring airway inflam-
mation, such as sputum examination and FENO measurement,
has allowed the use of these 2 methods in the clinical manage-
ment of patients with asthma®’~” and EGPA.

In our study, patients treated with ICS and oral CS and those
treated only with oral CS did not present significant differences in
terms of sputum eosinophilia or lung function. In our opinion, this
result is related to the bias that patients regularly treated with
inhaled drugs were those with more severe chronic asthma, in
terms of both lung function and pulmonary inflammation.

It is interesting to consider why systemic therapy leads to
control of systemic manifestations and biomarkers, but not of
airway disease and inflammation. At this time, we are unable to
explain this observation, but we could speculate a dissociation
between eosinophil bone marrow production and eosinophil
recruitment in the airways. The result is that sputum, but not
blood, eosinophilia is still present in this group of patients with
EGPA in a remission phase. With this in mind, we have begun
increasing the dose of inhaled CS and sometimes also the
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systemic treatment in patients with inadequate asthma control
and high levels of sputum eosinophilia, and we have planned a
follow-up to see the effects of this therapy.

Our hypothesis is that this strategy to adapt treatment to the
level of airway or blood inflammation might be a better approach
to control symptoms of asthma and airway inflammation in this
particular group of patients with asthma, as demonstrated in
patients with moderate to severe asthma.”” We do not know the
relationship between the persistence of sputum eosinophilia and
the risk of systemic disease relapse. However, considering that
asthma and airway inflammation are the only manifestations of
the disease during the prodromal phase, an increase in sputum
eosinophilia and symptoms of asthma could be a potential
forerunner of a systemic relapse of EGPA.

Taken together, our results support the routine use of local
biomarkers of inflammation as a guide for the clinical manage-
ment and treatment of patients with EGPA. However, being a
cross-sectional study performed in a relatively small number of
patients, our results need to be confirmed in external cohorts to
draw sound conclusions, although the patients enrolled in this
single-center study were quite homogeneous in terms of systemic
disease activity and had been followed since their diagnosis
according to a standardized protocol.

In conclusion, our study confirms that EGPA is a heteroge-
neous and complex disease that requires multidisciplinary man-
agement in the diagnostic phase as well as in the clinical and
therapeutic follow-up phases. Bronchial asthma and the nasal
manifestations require specific monitoring and targeted treat-
ment to control respiratory disease and also to improve the
quality of life. Given the central role of eosinophilic inflamma-
tion in EGPA, a periodic evaluation of nasal and bronchial
eosinophilia may provide an important tool to support treatment
decisions.
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