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Background: Eosinophilic inflammatory phenotype was thought to be the most common phenotype of cough variant asthma (CVA),
nevertheless other phenotypes were also reported.

Purpose: The study aimed to analyze the inflammatory phenotypes of CVA in relation to treatment response to the stepwise anti-
asthmatic treatment.

Patients and Methods: The study included 45 patients with chronic cough (CC) and suspicion of CVA (normal chest X-ray,
presence of bronchial hyperresponsiveness and no history of wheezing or dyspnea) in whom induced sputum was successfully
collected. Based on the cellular composition of the sputum, patients were divided into major inflammatory phenotypes: eosinophilic,
neutrophilic, paucigranulocytic or mixed granulocytic. A stepwise treatment, including inhaled corticosteroids with long-acting f3,-
agonist, montelukast and short-term therapy with prednisone was initiated. Good treatment response was defined as the reduction in
cough severity at least 20 mm from the baseline in visual analogue scale and improvement in cough-related quality of life assessed by
the Leicester cough questionnaire at least 1.3 points after any of three steps.

Results: Finally, 40/45 (88.9%) patients improved after therapy. Eosinophilic asthma was found in 13/40 (32.5%) patients,
neutrophilic in 6/40 (15.0%) and paucigranulocytic pattern in 21/40 (52.5%) patients. No one demonstrated a mixed granulocytic
phenotype. The response to the treatment was similar in all groups. However, the reduction in cough severity was inversely related to
the percentage of sputum neutrophils (r = —0.44, P = 0.003). We showed that the percentage of neutrophils in sputum >46% may be
considered as a predictor of poor response to anti-asthmatic therapy.

Conclusion: The diversity of inflammatory phenotypes with paucigranulocytic preponderance was found in subjects with CVA. The
response to anti-asthmatic treatment in patients with CVA was not related to the inflammatory phenotype. High neutrophil count in
sputum may predict poor response to anti-asthmatic therapy in patients with CC and bronchial hyperresponsiveness.
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Introduction

Cough variant asthma (CVA) is a form of asthma reported in patients with cough as a sole symptom and is a common
cause of chronic cough (CC) in non-smoking patients.* Four inflammatory phenotypes of asthma have been proposed
according to the sputum cytology (ie, eosinophilic, neutrophilic, paucigranulocytic and mixed granulocytic).® In CVA,
comparably to the classic form of asthma, eosinophilic phenotype is indicated as the most frequent phenotype, but other
phenotypes have been also reported.*”’ Although eosinophilic phenotype of classic asthma responds better to anti-
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inflammatory treatment (ie, inhaled corticosteroids, ICS), only one real-life study assessing treatment of CVA in

relation to inflammatory phenotypes has been published so far.’

Journal of Inflammation Research 2022:15 595-602 595
Received: 8 October 2021 © 2022 Rybka-Fraczek et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/
AT terms.php and incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http:/creativecommons.org/licenses/by-nc/3.0/). By accessing

Accepted: 28 December 2021
Published: 26 January 2022

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed.
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-7117-4249
http://orcid.org/0000-0003-0576-7289
http://orcid.org/0000-0002-0087-2031
http://www.dovepress.com/permissions.php
https://www.dovepress.com

Rybka-Fraczek et al Dove

As the response to ICS seems to be better in the eosinophilic asthma phenotype, this study was performed to evaluate
the relationship between the cellular phenotypes of CVA and response to anti-asthmatic therapy.

Materials and Methods

General Study Design and Patients

This prospective, single-center cohort study (ClinicalTrials.gov NCT03363698) was performed between 2016 and 2020
in the Department of Internal Medicine, Pulmonary Diseases and Allergy of at the Medical University of Warsaw,
Poland. Consecutive non-smoking patients referred for the management of CC were initially enrolled. All subjects
underwent the diagnostic work-up of CC according to current recommendations. Patients suspected of having CVA were
further selected to form a proper study group. These patients received anti-asthmatic treatment and the proof of its
effectiveness was considered as the confirmation of the CVA diagnosis.>!'

The specific inclusion criteria were as follows: 1) age 18-85 years, 2) presence of CC (over 8 weeks), 3) no history of
wheezing or dyspnea, 4) normal or near-normal spirometry, 5) presence of bronchial hyperresponsiveness (BHR,
provocative concentration of methacholine causing 20% fall in FEV; (PC,() below 16 mg/mL) in provocation chal-
lenge, 6) effective collection of induced sputum. Exclusion criteria included: 1) acute respiratory tract infection within
previous 6 weeks, 2) inhaled corticosteroids (ICS) or long-acting 3,-mimetics (LABA) or leukotriene receptor antagonist
(LTRA) or oral corticosteroids (OCS) or proton pump inhibitor (PPI) or antihistamine or intranasal corticosteroids
therapy within 4 weeks before the onset of the diagnostic work-up, 3) abnormal chest X-ray, 4) active smoking (within 12
months before enrollment).

The study was performed in accordance with the Declaration of Helsinki and the study protocol was approved by the
Institutional Review Board of the Medical University of Warsaw (KB/222/2016) and all participants signed written
informed consent.

Diagnostic Work-Up and Treatment Protocol

All patients underwent diagnostic procedures, including pulmonary function testing, sputum induction, methacholine and
capsaicin challenge prior to treatment administration.'”> This step-wise diagnostic algorithm was based on European
Respiratory Society and American College of Chest Physicians guidelines.'""'* Methacholine challenge was performed
according to the American Thoracic Society guidelines, in a 2-minute tidal breathing protocol.'* Capsaicin cough
challenge was performed as previously recommended (Koko Digidoser, nSpire Health Inc., Longmont, USA) using
a single-breath method."" Cough reflex sensitivity was measured before treatment initiation and during the patient’s final
evaluation after treatment and was expressed as the lowest capsaicin concentrations evoking two (C2) and five (C5)
coughs in the first 15 seconds after inhalation. Reduction in cough hypersensitivity was defined as elevation of capsaicin
concentration threshold in C2 or CS5.

Sputum induction was performed as described elsewhere.'® Cells were counted manually based on the morphology of
300 influx cells from various fields. Inflammatory phenotypes were determined based on the cellular composition of
sputum: 1) eosinophilic: sputum eosinophils >3% of cells, 2) neutrophilic: sputum neutrophils >61% of cells, 3)
paucigranulocytic: sputum eosinophils <3% and sputum neutrophils <61% of cells, 4) mixed granulocytic: sputum
eosinophils >3% and sputum neutrophils >61% of cells.'® The atopy was defined as a presence of positive skin prick test
(a mean wheal diameter >3 mm) or presence of serum-specific IgE antibody for at least one allergen.'’

CVA therapy included stepwise asthma treatment: 1st step - 4 weeks of moderate dose ICS+LABA, 2nd step - 4
weeks add-on montelukast (10 mg), 3rd step — 10 days weeks of add-on prednisone (0.5 mg/kg).'® Each step of the
treatment was followed by the measurement of cough severity in visual analogue scale (VAS) and quality of life
assessment using the Leicester cough questionnaire (LCQ). The criteria for improvement were as follows: the reduction
in VAS (AVAS) at least 20 mm and improvement of quality of life in LCQ (ALCQ) at least 1.3 points after any step of
three-step therapy.'' The diagnosis of CVA was established in all patients who met the above criteria of the post-
treatment improvement.' Significance of BHR as a predictor of response to this stepwise approach of anti-asthmatic
treatment in non-smoking adults with CC was analyzed in our previous study.'’
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Figure | Relationship between the percentage of neutrophils in induced sputum and treatment response in patients with chronic cough and suspicion of cough variant
asthma.

Notes: (A) Pearson’s correlation coefficient between percentage of neutrophils in sputum cell count. (B) Receiver operating characteristics curve for sputum neutrophil
percentage in the prediction of response to classic anti-asthmatic treatment; AUC ROC 0.79 (95% Cl 0.66—0.94) the cut-off point at 46%, Youden index 0.65.
Abbreviation: AVAS, change in visual analogue scale from the baseline.

Statistical Analysis

The data were analyzed using Statistica 13.3 software package (StatSoft, Tulsa, USA) and presented as median and
interquartile range or numbers and percentages. The differences between patients with different inflammatory phenotypes
of CVA were tested using Kruskal-Wallis or x* tests. Correlations between variables were calculated using Pearson’s
correlation coefficient. The receiver operating characteristic (ROC) curve with the Youden index was established to
evaluate the cut-off point of neutrophil percentage in induced sputum in the prediction of treatment response in patients
with BHR. A P value lower than 0.05 was considered statistically significant.

Results
Forty-five CC patients with suspicion of CVA were selected from 250 patients with CC (characteristics of this group is
given in Supplementary Table 1). Among all patients with suspicion of CVA modest negative correlation between sputum

neutrophil percentage and the reduction of cough measured in VAS (r = - 0.44, P = 0.003) was found (Figure 1A). The
area under the ROC curve for sputum neutrophils percentage in predicting lack of treatment response was 0.79 (95% CI
0.66—0.94 Youden index 0.65) with the cut-off point at 46% of neutrophils (Figure 1B).

The diagnosis of CVA was finally established in 40/45 (88.9%) patients in whom significant reduction in cough was
documented. The patients were characterized with a median age of 62.0 years (56.5-69.5), female predominance 33/40
(82.5%), long-lasting [median duration of 4 years (2—10)] and severe cough [70.0 mm (43—80) in VAS] with substantially
impaired QoL in LCQ [10.6 points (8.1-13.4)].

Eosinophilic asthma was found in 13/40 (32.5%) patients, neutrophilic in 6/40 (15.0%) and paucigranulocytic pattern
was shown in 21/40 (52.5%) patients, while no one demonstrated mixed granulocytic phenotype (Table 1). The CVA
patients with different cellular phenotypes (ie, eosinophilic, neutrophilic and paucigranulocytic) did not differ in terms of
demographic data, clinical characteristics [cough duration, severity of BHR, co-morbidities (upper airway cough
syndrome, gastroesophageal reflux), cough severity, LCQ score or intensity of anti-asthmatic treatment], as well as in
the degree of improvement after applied treatment, either in AVAS, or ALCQ or percentage of subjects with reduction in
cough hypersensitivity (see Table 1).
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Table | Overall Characteristics of Patients with Chronic Cough
Phenotypes

Due to Cough Variant Asthma (CVA) and Comparison Between CVA Patients with Different Inflammatory

All Patients with Eosinophilic CVA Neutrophilic CVA Paucigranulocytic CVA P value

Confirmed CVA

(n=40, 100%) (n=13, 32.5%) (n=6, 15.0%) (n=21, 52.5%)
Age (years) 62.0 (56.5-69.5) 66.0 (57.0-75.0) 64.0 (60.0-69.0) 60.0 (55.0-68.0) 0.484
Gender (n females, %) 33 (82.5%) 10 (76.9%) 5 (83.3%) 18 (85.7%) 0.805
Smoking history (n ex-smokers, %) 12 (30.0%) 4 (30.8%) 3 (50%) 5 (23.8%) 0.465
Atopy (n, %) 19 (47.5%) 7 (53.9%) 3 (50.0%) 9 (42.9%) 0.136
BMI (kg/m?) 30.2 (25.2-32.8) 30.0 (26.9-33.1) 31.6 (30.5-33.2) 26.7 (23.0-32.0) 0.209
Duration of cough (months) 48.0 (24.0-120.0) 36.0 (24.0-96.0) 60.0 (36.0-84.0) 60.0 (24.0-120.0) 0.599
Baseline VAS (mm) 70.0 (44.0-85.0) 68.0 (42.0-88.0) 55.0 (42.0-65.0) 75.0 (53.0-80.0) 0.245
Baseline LCQ (points) 10.6 (8.1-13.4) 11.3 (7.3-13.8) 12.8 (10.4-14.0) 9.4 (8.3-11.5) 0.451
Baseline C2 (umol/L) 7.8 (3.9-15.7) 15.7 (2.9-15.7) 9.8 3.9-15.7) 3.9 (2.0-7.8) 0.358
Baseline C5 (umol/L) 7.8 (3.9-15.7) 15.7 (2.9-23.4) 9.8 3.9-15.7) 7.8 (3.9-15.7) 0.850
Final C2 (umol/L) 5.9 (3.9-15.6) 11.7 (7.8-27.3) 9.8 (3.9-19.5) 3.9 (24-78) 0.125
Final C5 (umol/L) 11.7 (3.9-15.7) 15.6 (9.8-27.3) 15.6 (12.7-43.0) 7.8 (2.4-15.6) 0314
Patients with reduction in cough hypersensitivity (increase in C2 or C5) | 14 (35.0%) 5 (38.5%) I (16.7%) 8 (38.1%) 0.594
Blood eosinophil count (cells/ulL) 186.3 (119.6-283.4) 282.6 (142.0-320.8) 245.3 (118.4-361.2) 156.5 (120.7-215.0) 0.117
IS eosinophil percentage (%) 1.0 (0.0-4.0) 5.0 (4.0-14.0) 0.5 (0.0-1.0) 0.0 (0.0-1.0) 0.000
IS neutrophil percentage (%) 41.5 (31.5-51.5) 36.0 (20.0-43.0) 71.0 (67.0-74.0) 39.0 (31.046.0) 0.001
FeNO (ppb) 17.9 (15.1-27.2) 24.6 (16.1-58.2) 16.2 (12.8-17.2) 17.5 (12.2-27.2) 0.257
FEV, (% predicted) 85.5 (80.0-100.0) 85.0 (79.0-94.0) 100.0 (83.0-102.0) 86.0 (80.0-97.0) 0.284
PCyo (mg/mL) 2.0 (0.8-5.2) 2.0 (1.6-5.9) 0.9 (0.7-1.8) 2.2 (0.84.2) 0.267
UACS (n, %) 30 (75.0%) Il (84.6%) 5 (83.3%) 14 (66.7%) 0.440
GERD (n, %) 21 (52.5%) 5 (38.5%) 3 (50.0%) 13 (61.9%) 0.409
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AVAS (mm) 38.5 (27.0-57.0) 38.0 (27.0-75.0) 39.5 (25.0-45.0) 47.0 (28.0-54.0) 0791
ALCQ (points) 49 (3.1-6.8) 49 (22-9.0) 45 (3.1-7.0) 48 (3.8-622) 0.992
Step I* (n, %) 28 (70.0%) 9 (69.2%) 4 (66.7%) 15 (71.4%) 0.973
Step 2% (n, %) 10 (25.0%) 4 (30.8%) 2 (33.3%) 4 (19.1%) 0.654
Step 3% (n, %) 2 (5.0%) 0 (0.0%) 0 (0.0%) 2 (9.5%) 0.386

Notes: Data are presented as median and interquartile range or numbers and percentages. Statistical analysis included comparison between eosinophilic, neutrophilic and paucigranulocytic CVA, using Kruskal-Wallis or xz test. *Patients
with improvement after st step of treatment (4 weeks of moderate dose ICS+LABA); %Patients with improvement after 2nd step of treatment (4 weeks of add-on of 10 mg montelukast); APatients with improvement after 3rd step of
treatment (10 days weeks of add-on of prednisone (0.5 mg/kg)).

Abbreviations: BMI, body mass index; VAS, visual analogue scale; LCQ, Leicester Cough Questionnaire; C2, the lowest capsaicin concentrations of capsaicin evoking two coughs; C5, the lowest capsaicin concentrations of capsaicin
evoking five coughs; IS, induced sputum; FeNO, fractional exhaled nitric oxide; FEV|, forced expiratory volume in | second; PCyo, provocative concentration of methacholine causing 20% fall in FEV|; UACS, upper airway cough syndrome;

GER, gastroesophageal reflux; AVAS, change in visual analogue scale from the baseline; ALCQ, change in Leicester Cough Questionnaire from the baseline.
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Discussion

This study showed a relatively low prevalence of eosinophilic phenotype in patients with CC due to CVA.
Paucigranulocytic phenotype was the most common inflammatory phenotype. Surprisingly, response to anti-asthmatic
therapy was similar in patients with eosinophilic phenotype and other CVA phenotypes. Moreover, there was a negative
correlation between reduction in CC severity and the percentage of neutrophils in sputum. Furthermore, the percentage of
neutrophils in induced sputum over 46% may be considered as a predictor of poor treatment response in adults with CC
and suspicion of CVA.

To our knowledge, only few reports were published so far describing inflammatory phenotypes of CVA.*®” Even
though eosinophilic pattern has been reported as a frequent inflammatory phenotype,*®’ Matsuoka et al showed
similar prevalence of eosinophilic, neutrophilic and paucigranulocytic inflammation.” Intriguingly, the female pre-
ponderance in neutrophilic inflammation, which was the highest in previously reported study,” what was not observed
in our study. Comparably to Matsuoka et al, our analysis showed no differences between eosinophilic, neutrophilic
and paucigranulocytic phenotypes in terms of disease duration, atopy or bronchial hyperresponsiveness.’ In regard to
treatment efficacy in CVA, there has been only one real-life study that assessed relation of inflammatory phenotypes to
treatment effects in CVA.” In this study, Matsuoka et al, proved that patients with elevated airway eosinophils
(eosinophilic or mixed granulocytic phenotypes) required higher doses of ICS to obtain good asthma control.
However, in the present study, we did not find any significant differences in reduction of cough or improvement in
cough-related quality of life after anti-asthmatic treatment among patients with different inflammatory phenotypes. In
our previous study, we did not observe correlation between PC,, and response to anti-asthmatic therapy in patients
with CVA either."’

Moreover, there is paucity of data on noneosinophilic phenotype of CVA so far. Gao et al compared classic asthma
and CVA, showing more severe BHR, a lower percentage of eosinophils and higher neutrophils in induced sputum cell
count in CVA, which probably indicated different airway inflammatory subtypes.* However, in contrast to our results,
Gao et al showed that patients with eosinophilic CVA were characterized with more severe BHR compared to those with
noneosinophilic phenotype. Even though paucigranulocytic phenotype is considered to be the most common asthma
phenotype in patients with stable asthma, there is a paucity of studies on this phenotype.?’ Similarly, the paucigranu-
locytic phenotype in CVA had been barely diagnosed before. In this context, we believe that the results of this study are
value-adding to the present knowledge on CVA.

As noneosinophilic asthma is thought to be less responsive to ICS, it frequently requires other forms of therapies
(dedicated to neutrophilic inflammation, airway smooth muscle changes or neuronal dysfunction).?! Therefore, we
assumed this might also refer to noneosinophilic phenotype of CVA. However, we did not find any differences in
response to classical anti-asthmatic therapy between phenotypes of asthma in our study, which might result from using
both, ICS and LABA as the first step of treatment.

There are several limitations of this study that need to be considered. Firstly, this was a single-center, cohort study
with a limited number of participants. Secondly, as the study group was recruited from patients referred to the cough
center (ie, patients with long-lasting, severe refractory CC) it cannot be excluded that such distribution of inflammatory
phenotypes does not refer to all patients with CVA, but those diagnosed in cough center. Thirdly, due to the lack of
a cough monitor system, the study endpoint relied on the subjective cough assessment, ie, VAS and LCQ scores. Another
limitation of the study could be the lack of sputum cytology analysis after the treatment. Despite these limitations, we
believe that the results of this study present important additions to knowledge and warrant further research on the field of
the pathophysiology of CVA.

Conclusion

In conclusion, the diversity of inflammatory phenotypes with paucigranulocytic preponderance was found in subjects
with CVA. The response to anti-asthmatic treatment in patients with CVA was not related to any inflammatory phenotype.
The sputum neutrophil count >46% may be considered as a predictor of poor response to anti-asthmatic therapy in
patients with CC and BHR.
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