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Background: Accurate inflammatory phenotyping in asthma remains challenging. Nasal cytology has emerged as a potential non-
invasive tool to assess airway inflammation in asthma. However, its relationship with lower airway inflammation and systemic
biomarkers remains unclear, particularly in severe asthma (SA).

Objective: To evaluate whether a multi-compartment approach could improve the characterisation of type 2 inflammation and the
relationship between nasal cytology, induced sputum, and systemic inflammatory biomarkers in patients with severe asthma.
Methods: In this cross-sectional exploratory BRISA study, twenty-two patients with SA underwent nasal cytology by mucosal
scraping, induced sputum analysis, and serum biomarker assessment (periostin, eosinophil cationic protein, thymic stromal lympho-
poietin, dipeptidyl peptidase-4, and total IgE). Patients were stratified according to blood eosinophil count (BEC <300 vs >300 cells/
uL). Correlations between compartments and associations with clinical and inflammatory variables were analysed.

Results: Higher blood eosinophil counts were associated with worse lung function, increased exacerbations, and higher serum
periostin levels. Valid induced sputum samples were obtained in 16 patients: 7 eosinophilic, 3 neutrophilic, 2 mixed eosinophilic-
neutrophilic and 4 paucigranulocytic. Nasal cytology predominantly showed limited agreement with induced sputum inflammatory
phenotypes. Serum TSLP, DPP4, and IgE also showed an upward trend in patients with higher blood eosinophil counts, although these
differences were not statistically significant. Correlation analysis demonstrated a significant positive association between sputum and
blood eosinophils, as well as between blood eosinophils and serum periostin. A strong positive correlation was also observed between
serum eotaxin and TSLP.

Conclusion: Nasal cytology alone cannot replace induced sputum for inflammatory phenotyping in SA, although it may provide
complementary information on upper airway inflammation. Among the evaluated systemic biomarkers, periostin emerged as the most
consistent marker associated with blood eosinophilia, while other biomarkers showed only non-significant trends. Further studies are
needed to validate the role of combined biomarkers in predicting airway inflammation.
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Introduction

Asthma is a highly prevalent chronic respiratory disease, affecting 5-10% of the general population and exhibiting
marked heterogeneity in both its underlying pathophysiology and clinical manifestations. Although most patients achieve
adequate control with standard therapies, approximately 5% develop severe asthma (SA), with persistent symptoms,
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exacerbations or airflow limitation despite optimized management with high doses of inhaled corticosteroids (ICS) and
additional controller medications.! Three broad asthma phenotypes are recognised: allergic T2 asthma, driven by IgE
sensitisation and Th2 cytokines; non-allergic eosinophilic T2 asthma, mostly linked to Interleukin (IL-5) pathways; and
low-T2 asthma, typically, but not only, neutrophilic, associated with Th17/IL-8 axis.” This heterogeneity has motivated
the development of targeted biologic therapies, omalizumab, anti-IL-5/IL-5R agents, dupilumab and tezepelumab,
offering precision approaches to T2-driven disease. However, despite substantial clinical benefits, up to 60% of patients
with SA fail to reach clinical remission with current available biologics.>*

A major barrier to precision therapy is the difficulty in accurately identifying inflammatory phenotypes using
accessible and reliable biomarkers. Peripheral blood eosinophil count (BEC) remains the most widely used surrogate
for eosinophilic inflammation due to its ease of measurement,' but its specificity is limited since peripheral eosinophilia
can arise from multiple non-asthma conditions and can be influenced by other factors such as allergen exposure’ or the
use of oral corticosteroids.® Induced sputum, a more specific and pathophysiological relevant technique, correlates
strongly with bronchial biopsy and bronchoalveolar lavage, but its clinical use is restricted by technical complexity,
need for specialised personnel, biosafety limitations, and low sample validity rates outside experienced centres.” Given
these constraints, alternative, accessible tools capable of reflecting airway inflammation are needed. Nasal cytology (NC)
is a simple, inexpensive, and reproducible diagnostic test widely used in the study of allergic rhinitis (AR) and chronic
rhinosinusitis with nasal polyps (CRSwWNP).® NC may have important value in subtyping AR and optimizing AR
treatment.” Through mucosal scraping or brushing followed by May-Griinwald-Giemsa staining, it allows direct
assessment of epithelial morphology and inflammatory cell composition, evaluating the number, type and morphological
characteristics of the cells present in the mucosa or of the nasal secretion.'® This procedure allows to identify bacteria,
fungal hyphae and spores.® NC correlates well with nasal biopsy, is minimally invasive, and is feasible even in resource-
limited settings. Because asthma, AR, and CRS frequently coexist and are considered manifestations of a unified airway
inflammatory process,'' NC might have the potential to provide insights into lower airway inflammation. However, the
utility of NC for asthma phenotyping remains poorly defined. De Farias et al showed that nasal lavage could identify
eosinophilic asthma with high specificity (94%),'? but those results need further validation in other populations or with
direct cytology scraping. Recently, De Corso et al observed a significant association between higher blood eosinophil
counts and increased eosinophilic inflammation on NC in a cohort of 425 subjects with CRSwNP and comorbidities
(such as asthma, allergy and non-steroidal anti-inflammatory drug-exacerbated respiratory disease) when compared to
subjects with CRSWNP alone.'*> Moreover, the relationship between epithelial remodelling, local mucus characteristics,
and systemic inflammation remains underexplored.

In addition to cellular assessment across airway compartments, circulating biomarkers have emerged as accessible
indicators of T2 inflammation. Molecules such as periostin and Dipeptidyl Peptidase-4 (DPP4), (markers of IL-13
activity/IL-13 driven inflammation), total IgE, thymic stromal lymphopoietin (TSLP) as a key epithelial alarmin, and
eotaxin-3 and eosinophil cationic protein (ECP) involved in eosinophil recruitment, have been associated with T2
inflammation and asthma severity.” However, their relationship with airway-specific inflammatory patterns remains
incompletely understood.

The aim of the BRISA study was to explore whether a multi-compartment approach, integrating nasal mucosa,
induced sputum (IS), peripheral blood, and circulating inflammatory mediators, may provide a more accurate representa-
tion of T2 inflammation than single biomarkers alone to enhance phenotyping in adults with SA. Additionally, we sought
to determine the relationship between cytological findings and systemic biomarkers of T2 inflammation. By exploring
inter-compartment correlations, we aimed to determine the feasibility, complementariness, and potential clinical value of
NC in routine severe asthma evaluation.

Materials and Methods

BRISA (Biomedical Research in Severe Asthma; ESR-17-13154) was an exploratory multicentre cross-sectional study
conducted in three tertiary hospitals in Madrid, Spain (Hospital Universitario La Paz, Hospital Universitario 12 de
Octubre and Hospital Universitario Fundacion Jiménez Diaz) between January 2020 to December 2023. Given the
exploratory nature of the study, no formal sample size calculation was performed. All consecutive patients meeting
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inclusion criteria during the study period were included. Eligible patients were adults aged 18—80 years with confirmed
SA according to GINA criteria and whose lung function allowed safe sputum induction, according to usual clinical
practice in those three Severe Asthma Units. Exclusion criteria included nasal pathology preventing mucosal sampling,
active smoking >10 pack-years, and treatment with monoclonal antibodies during the previous 6 months. All participants
provided informed consent in compliance with the Declaration of Helsinki. The study was approved by the three local
Ethics Committees of the participating centers.

Clinical Evaluation

Patients underwent a structured clinical assessment including asthma duration, current asthma medication, severe
exacerbations in the last year, comorbidities, family history of allergy, pulmonary function testing by spirometry,
fractional exhaled nitric oxide (FeNO), skin prick testing, Asthma Control Test (ACT) and Mini Asthma Quality of
Life Questionnaire (miniAQLQ) score.

Induced Sputum

Sputum was induced by inhalation of hypertonic saline following Hargreaves’ method,'* and cytological analysis was
subsequently performed on the collected sample. Sputum samples were classified as eosinophilic or neutrophilic when
cell counts showed >3% eosinophils or > 61% neutrophils, respectively. When both thresholds were met, the sample was
considered to have a mixed inflammatory pattern.

Nasal Cytology

Mucosal specimens were obtained from the middle third of the inferior turbinates using the Rhino-probe small scraper
(Arlington Scientific, Springville, UT, USA) under anterior rhinoscopy. Samples were transferred onto glass slides, air-
dried for fixation, and stained using the May—Griinwald—Giemsa method. Eosinophils and neutrophils were counted at
400x magnification under a light microscope by the same observer. Nasal cytology inflammatory patterns were classified
descriptively according to the predominant cell type (eosinophilic, neutrophilic, mixed, or paucigranulocytic). Given the

absence of universally accepted cutoffs for nasal cytology,'>'¢

no predefined quantitative thresholds were applied, and
classification was based on relative cellular predominance. Alterations in the respiratory epithelium, including epithelial
islets, goblet cell hyperplasia, squamous metaplasia, and excessive mucus production, were documented. The presence of
bacteria and biofilm was also assessed. At least 10 well-spread high-power fields were examined, and all evaluations
were performed blinded to the patients’ clinical status. Results are presented as the percentage of each cell group.
A semiquantitative evaluation of the slides was also performed, grading inflammatory cells as: none, occasional, few,

moderate number, large clumps, and clumps covering the field."’

Determination of Cytokines and Proinflammatory Mediators in Serum by ELISA

Three millilitres (mL) of peripheral blood were collected from the patients included in the study. Patients were
categorized according to peripheral BEC (<300 and >300 cells/uL). TSLP, and periostin levels in serum were determined
using human TSLP and Periostin/OSF-2 DuoSet ELISA kits (R&D Systems, Bio-Techne, Minneapolis, MN, USA),
following the manufacturer’s protocol. For the TSLP ELISA, serum was diluted 1:10, while for the periostin ELISA,
serum samples were used undiluted. Additionally, Eosinophil Cationic Protein (ECP), Dipeptidyl Peptidase-4 (DPP4) and
eotaxin-3 (CCL26) were quantified using human-ECP, human-DPP4, and human-CCL26 ELISA kits (Cusabio technol-
ogy LLC, Houston, TX, USA), according to the manufacturer’s instructions. For CCL26 determination, undiluted serum
was used; for ECP, serum was diluted 1:2; and for DPP4 analysis, serum was diluted 1:20. The lower limits of detection
(LLD) for the ELISA assays were as follows: periostin 62.5 pg/mL (R&D Systems, Minneapolis, MN, USA), TSLP 31.2
pg/mL (R&D Systems), CCL26 9.75 pg/mL (Cusabio), DPP4 0.39 ng/mL (Cusabio) and ECP 0.39 ng/mL (Cusabio).

Statistical Methods
This was an exploratory cross-sectional study. A formal a priori sample size calculation was not performed. All consecutive
patients meeting inclusion criteria during the study period were included. Given the limited number of patients with complete
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paired data across compartments, the study was not powered for formal correlation or predictive analyses. Qualitative data
were described using absolute frequencies and percentages, whereas quantitative data were summarised using the mean and
standard deviation or the median and interquartile range, depending on their distribution. The normality of continuous
variables was assessed using the Shapiro—Wilk test. Comparisons between qualitative variables were performed using
Fisher’s exact test. Associations between qualitative and quantitative variables were analysed using the Student’s #-test or,
when assumptions were not met, the non-parametric Mann—Whitney U-test. For comparisons involving more than two groups,
the non-parametric Kruskal-Wallis test was applied followed by Dunn’s multiple comparisons post hoc test. Relationships
between quantitative variables were examined using Pearson’s correlation coefficient or its non-parametric counterpart,
Spearman correlation. All statistical tests were two-tailed, with significance set at p-values < 0.05. Data analysis was
conducted using the R statistical software, version 4.3.3 (R Core Team, 2024).

Results

Clinical and Demographic Characteristics

Twenty-two patients were finally included, of whom 16 (73%) were women. Most participants (73%) were non-smokers,
18% former-smokers and only 4% active-smokers. Table 1 summarizes their main demographic and clinical character-
istics. Notably, 72% of the subjects presented concomitant AR, 45.5% of them moderate to severe persistent AR, and
50% had CRSwNP. BEC were a key differentiator: 81.8% of patients had BEC>150 cells/uL and 59.1% had BEC>300
cells/uL. Higher BEC was associated with more exacerbations in the previous year and poorer lung function, as reflected
by lower FEV/FVC ratios and significantly increased FeNO levels (Table 1).

Table | Clinical and Demographic Characteristics

Total Population <300eos/puL >300eos/puL P-value
(N=22) (N=9) (N=13)

Female sex (%) 727 77.8 69.2 1.000
Age, years (Mean * SD) 54.8 £ 9.79 51.7+78 56.9 £ 10.59 0.9668
Asthma diagnosis, years (Mean+SD) 17.1 £ 124 12.9 + 825 208 + 14.7 0.1555
Allergic rhinitis (%) 72 66.7 76.9 0.6550
CRSwWNP (%) 50 22.2 69.2 0.0805
COPD (%) 9 0 13.6 0.4935
Gastroesophageal reflux (%) 50 55.6 46.2 1.000
N-ERD (%) 27.3 0 46.2 0.0461
Obstructive sleep apnoea (%) 23 222 23.1 1.000
Atopic dermatitis (%) 5 0 7.7 1.000
Food allergy (%) 9 (N 7.7 1.000
Smoking status

Non-smokers (%) 73 778 69.2 1.000

Former smokers (%) 18 1.1 23.1 06161

Active smokers (%) 4.5 0 77 1.000
Baseline treatment

ICS/LABA (%) 100 100 100 1.000

LAMA (%) 68.2 3333 923 0.0066

OCS (%) 4.5 0 7.7 1.000

ALT (%) 45.5 1.1 69.2 0.0115

(Continued)
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Table | (Continued).

Total Population <300eos/pL >300eo0s/pL P-value
(N=22) (N=9) (N=13)

FEV, pre-bronchodilator, Median [QI, Q3] 85.0 [73.1, 92.2] 90.0 [73.0, 93.0] 84.0 [78.0, 91.6] 0.2674
FEV,/FVC pre-bronchodilator, Median [QI, Q3] 72.1 [64.3, 79.0] 76.0 [74.5, 83.4] 66.0 [61.6, 74.8] 0.9236
Severe exacerbations in the last year; Median [QI, Q3] 1.00 [0, 3.00] 0.50 [0, 1.00] 2.00 [1.00, 3.75] <0.001
ACT, Median [QI, Q3] 15.0 [12, 22] 22.0 [12.0, 24.0] 15.0 [12.0, 20.0] 0.5940
Mini AQLQ, Median [QI, Q3] 4.00 [3.11, 5.00] 4.00 [3.40, 5.00] 3.71 [3.03, 4.95] <0.001
FeNO, Median [QI, Q3] 37.0 [13, 59] 12.0 [5.50, 16.0] 50.0 [36.3, 78.3] 0.0065
Eosinophil, count cells/uL (mean * SD) 343 £ 198 157 +78.3 471 + 146 0.0360
Neutrophil, count cells/pL (meant SD) 3690 + 1420 3870 £957 3580 + 1660 0.1761
Total IgE, IU/mL (meanx SD) 907 + 1400 715 + 1300 1040 £ 1510 0.3237

Abbreviations: COPD, Chronic obstructive pulmonary disease; CRSWNP, Chronic rhinosinusitis with nasal polyps; N-ERD, Non-steroidal anti-inflammatory drug-
exacerbated respiratory disease; ICS/LABA, Inhaled Corticosteroids/Long-Acting Beta-Agonists; LAMA, Long-Acting Muscarinic Antagonists); OCS, Oral corticosteroids;
ALT, Anti-Leukotrienes; FEVI, forced expiratory volume in | second; FVC, Forced vital capacity; ACT, Asthma Control Test; Mini AQLQ, mini Asthma Quality of Life
Questionnaire; FeNO; Fractional Exhaled Nitric Oxide; IgE, Immunoglobulin E; IU, International Units.

Evaluation of Immune and Clinical Profile in NC and Sputum Samples

A valid induced sputum sample was obtained from 16 of the 22 patients: 7 showed an eosinophilic pattern, 3
a neutrophilic pattern, 2 a mixed eosinophilic—neutrophilic pattern, and 4 were paucigranulocytic. Regarding NC, most
samples displayed a neutrophilic inflammatory pattern (58.82%), while 29.41% showed a mixed eosinophilic—neutro-
philic pattern, and only 11.76% showed a purely eosinophilic pattern.

With regard to the NCs, it should be noted that only 22.7% of patients presented a normal nasal epithelium; 50%
exhibited epithelial islets, 13.6% goblet cell hyperplasia, and 36.4% squamous metaplasia. The presence of epithelial
islets was significantly associated with BEC>300 cells/uL (p < 0.05), whereas goblet cell hyperplasia was more frequent
in individuals with high FeNO levels (p = 0.0360). Concordance between induced sputum and nasal cytology inflam-
matory patterns was poor (p = 0.615).

Blood Inflammatory Profile

Patients with BEC>300 cells/uL showed significantly higher serum periostin levels (p = 0.0034, Figure 1). Serum TSLP,
DPP4, and total IgE showed a tendency toward higher values in this group, although these differences did not reach
statistical significance (Figure 1 and Table 1). No significant differences were observed for the remaining biomarkers
(Figure 1). Eosinophilic sputum was significantly associated with BEC>300 cells/uL (p = 0.0462). By contrast, although
eosinophilic NC tended to be more frequent in patients with BEC>300 cells/uL, this association did not reach statistical
significance (p = 0.08). Concordance between induced sputum and nasal cytology inflammatory patterns was poor, the
kappa index was —0.0862 (95% CI —0.4225 to 0.2501), with a p-value of 0.6154. Interestingly, nasal samples with
abundant mucus were associated with higher DPP4 values [2040 + 550 ng/mL in low-mucus samples vs. 3020 + 756 ng/
mL in high-mucus samples (p = 0.0045)].

Figure 2 shows a correlation matrix between cellular parameters (sputum, nasal and blood eosinophils and neutrophils
percentages) and serum biomarker levels. Analysis revealed both a moderate positive correlation between blood and
sputum eosinophil percentage (p = 0.58, p = 0.012), as well as between serum periostin and eosinophil percentage (p =
0.61, p = 0.006). Additionally, serum biomarkers such as periostin and TSLP show a strong positive correlation between
them (p = 0.79, p = 0.048).
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Figure | Biomarkers in serum. Mediators’ concentration of ECP, eotaxin, DPP4, periostin and TSLP was evaluated by conventional ELISA in serum. Data represented mean
+ standard deviation. **p < 0.01.

Discussion

This study evaluated whether NC obtained by mucosal scraping could serve as a reliable surrogate or complementary tool
to induced sputum for the inflammatory phenotyping of SA. Serum biomarkers were selected because blood sampling is
minimally invasive, reproducible, and widely available in routine clinical practice. In contrast, induced sputum requires
specialized processing and is not always feasible in patients with severe asthma. By integrating nasal, bronchial (sputum),
blood, and serum biomarkers, we aimed to explore a multi-compartment model of T2 inflammation and assess its

potential clinical utility. Several important observations emerged.
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Figure 2 Correlation matrix of blood, sputum and nasal cellular parameters and serum biomarkers. The heatmap illustrates Spearman correlation coefficients (p) between
blood, sputum and nasal immune cell populations (eosinophils and neutrophils) and selected soluble mediators. Positive correlations are shown in green and negative
correlations in red, with colour intensity proportional to the strength of the association. *p < 0.05, **p < 0.01.

Abbreviations: IS, induced sputum; NS, nasal smear/nasal cytology; Eos, eosinophils; Neu; neutrophils; tIgE, total immunoglobulin E; DPP4, dipeptidyl peptidase-4; TSLP,
thymic stromal lymphopoietin; ECP, eosinophil cationic protein.

First, we found that NC and induced sputum frequently revealed discordant inflammatory patterns. While eosinophilic
inflammation predominated in sputum samples, the nasal mucosa more often exhibited mixed or neutrophilic profiles.
Concordance between compartments was poor, and nasal eosinophilia did not reliably predict sputum eosinophilia. These
findings indicate that, despite the well-established concept of “united airways”, the inflammatory environment of the
upper and lower airways may diverge substantially in SA. Elucidating the mechanisms that govern the interplay between
the upper and lower airways is essential for understanding, for instance, the heterogeneous therapeutic responses
observed in patients with concomitant asthma and CRSwNP.'® Differences in epithelial exposure to environmental
stimuli, microbial burden,'® corticosteroid deposition,*® and tissue remodelling likely to contribute to this compartmental
heterogeneity. Our findings reinforce that the presence of eosinophilia/neutrophilia in the nasal mucosa cannot be
assumed to reflect the inflammation pattern of the lower airway. However, our results may have been influenced by
the high prevalence of nasal polyposis in our cohort which may have influenced nasal cytology findings. CRSWNP is
associated with a distinct inflammatory profile, often characterized by T2 inflammation and epithelial alterations, which
may not parallel lower airway inflammation. Moreover, the interpretation of epithelial alterations observed in nasal
cytology is limited by the lack of detailed upper airway phenotyping, including CRS classification, N-ERD status, and
standardized symptom, use of intranasal and inhaled steroids or radiological scores. Therefore, these findings should be
interpreted as descriptive rather than indicative of disease severity or structural remodelling. Finally, to date, no
standardized cut-off values have been established for the evaluation of nasal cytology to differentiate between cellular

patterns, this is largely due to the use of different sampling techniques (nasal lavage, scraping or brushing), which
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complicates the comparison of cellular findings and prevents the definition of consistent numerical thresholds across
collection methods.'>'® This represents an important limitation that could also influence our findings.

Second, although NC did not correlate with sputum inflammation, it provided important complementary information
suggesting epithelial involvement. The frequent presence of epithelial islets, squamous metaplasia, goblet cell hyperpla-
sia, and excess mucus suggests active structural changes in the nasal mucosa of patients with SA. These features may be
associated with worse outcomes and poorer therapeutic response. Lee et al evaluated the histopathology of sinus mucosa
by evaluating the inflammatory cell count and tissue remodelling markers (squamous metaplasia, subepithelial gland
proliferation, basement membrane [BM] thickening, stromal edema, and fibrosis).?! They demonstrated that tissue
eosinophilia was commonly associated with BM thickening and stromal edema, while subepithelial gland proliferation
predicted a poor surgical prognosis in CRS. These features also align with chronic T2 inflammation and impaired
epithelial barrier function, both of which are key drivers of airway remodelling and disease severity.?> The association
between epithelial islets and elevated blood eosinophils supports the link between systemic eosinophilic inflammation
and upper airway remodelling. Similarly, the higher prevalence of goblet hyperplasia among patients with elevated FeNO
points to a shared epithelial-cytokine axis across respiratory compartments. These epithelial changes, readily detectable
under light microscopy, may reflect the ongoing epithelial-mesenchymal transition processes that sustain inflammation
and mucus hypersecretion. In addition, the relatively higher frequency of mixed inflammatory patterns in nasal samples
may point to more complex local interactions between T2 and non-T2 pathways at the nasal level. Although, we have not
explored local TSLP in nasal or bronchial mucosa, the higher levels of TSLP in blood among patients with higher counts
of eosinophils, could contribute to reinforce the importance of epithelial dysfunction in upper and lower airways.

Third, serum biomarker analysis suggested a systemic T2-inflammatory profile in patients with higher blood
eosinophil counts, only periostin showed a statistically significant association. The rest of inflammatory markers
evaluated, TSLP, DPP4, and total IgE showed upward trends, which should be interpreted cautiously given the limited
sample size. The positive correlation between blood eosinophils and serum periostin further supports periostin as the
most robust systemic biomarker identified in this cohort. Periostin, a matrix-protein secreted by epithelial and stromal
cells, showed the strongest correlation with blood eosinophils, consistent with its role as a downstream product of IL-13-
mediated epithelial activation reflecting a high T2 inflammation pathway. Periostin, has been linked to remodelling®* and
associated with the T2-high endotype and persistent airflow obstruction in patients with severe asthma.>* More recently,
it has been described that periostin expression is upregulated in nasal polyps and might determine a crucial role in the
occurrence and evolution of the disease.” Interestingly, serum DPP4 levels did not differ according to eosinophil status
but were significantly higher in nasal samples with abundant mucus. DPP4 has been implicated as a regulator of airway
epithelial function.”® Given that DPP4 is upregulated by IL-13 and associated with mucus production and epithelial
responses,”’ this finding suggests a mucus-dominant phenotype with epithelial activation that is not necessarily
eosinophil-driven. This novel association warrants further investigation as a potential non-eosinophilic T2 pathway.
However, although serum biomarkers are attractive due to their accessibility, their ability to accurately predict airway
eosinophilia remains to be fully established and future studies with larger cohorts should evaluate the predictive
performance of individual and combined biomarkers.

Taken together, these results support a model in which the nose and bronchi share common immunological pathways
but may express them differently depending on local microenvironmental pressures. Nasal cytology therefore offers
a window into epithelial dynamics and upper airway inflammation, but not a direct substitute for induced sputum in
identifying eosinophilic asthma. Instead, it should be viewed as an additional, accessible tool that complements systemic
biomarkers and sputum analysis, particularly in centres where sputum induction is unavailable.

Several factors may have influenced the lack of concordance between nasal and sputum inflammation. Because
BRISA was an exploratory study, the number of included patients is small, and our findings require further validation in
larger populations. Moreover, many patients had been receiving high-dose ICS for a prolonged period, which may reduce
lower airway eosinophilia®® more effectively than upper airway inflammation due to differences in deposition and tissue
penetration. Moreover, the adherence to intranasal corticosteroids is at least, in many cases, suboptimal.”’ A subset of
patients also had chronic rhinosinusitis or nasal polyp disease, conditions that alter epithelial architecture and may
introduce neutrophilic or mixed inflammatory patterns independent of asthma phenotype. An additional limitation is the
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incompleteness of some paired compartment data, particularly for analyses involving sputum and nasal variables, which
restricted the scope of correlation analyses and prevented a more detailed evaluation. Of the initially recruited patients,
only those with available paired data (nasal cytology, induced sputum, and/or serum biomarkers) were included in the
corresponding analyses. Missing data were mainly due to technical limitations, insufficient sample quality, or inability to
obtain induced sputum. Recruitment was severely affected by the COVID-19 pandemic, which hindered sputum
induction due to biosafety restrictions. Moreover, consistent with other recent studies, with a success rate for the induced
sputum in asthma close to 80%,° the difficulty in obtaining valid induced sputum samples (22.7% invalid in our cohort)
may have affected subgroup analyses and requires a former validation of our results in larger populations. Despite these
constraints, the consistency of trends observed across different biomarkers (FeNO, IgE, periostin, and blood eosinophils)
strengthens the internal validity of our findings. We should also acknowledge that the lack of additional non—T2
biomarkers, such as CRP or IL-6, limited the characterization of non-eosinophilic endotypes. We neither perform
diagnostic performance analyses (eg, ROC curves or predictive modelling) due to the limited sample size and the
presence of missing paired data across compartments, which could result in unstable estimates. Therefore, our findings
should be considered exploratory and hypothesis-generating.

Despite these limitations, this study provides relevant insights. It confirms the feasibility and potential clinical value
of nasal cytology as an inexpensive, minimally invasive method to assess epithelial changes and local inflammation in
severe asthma. It highlights the incomplete overlap between upper and lower airway inflammation, supporting the need
for multi-compartment assessment rather than reliance on a single biomarker. Finally, it identifies mechanistic signals,
such as the association between nasal mucus-rich samples and DPP4 elevation, that may refine future biomarkers. Further
research could explore the correlation of this finding with bronchial mucus production.

Conclusions

Induced sputum represents a useful tool for inflammatory phenotyping in patients with severe asthma. Nasal Cytology
can serve as a useful complementary method informing about epithelial remodelling and upper-airway inflammatory
patterns, although it does not replace induced sputum. In this exploratory cohort, serum periostin emerged as the most
consistent systemic biomarker associated with blood eosinophilia, while other biomarkers showed only non-significant
trends. Larger studies are warranted to validate these findings and clarify the potential role of multi-compartment
assessment in severe asthma phenotyping.
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