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Abstract

Background Asthma is associated with accelerated rate of FEV, decline.

Objective To determine predictive factors associated with accelerated FEV, decline in adult asthma and evaluate sputum
cytokines as potential biomarkers for airflow decline.

Methods We recruited 125 asthmatics evaluated at the asthma clinic of Li¢ge and reevaluated them at least 5 years later.
Clinical, functional and inflammatory characteristics were compared between patients with accelerated decline (FEV,
decline > 0.85% pred.y~!) and others. Predictive factors were highlighted with linear regression analysis. Sputum EGF,
VEGF, FGF, IL5, IL8, TGF-f, and IgE levels were measured in 58 of these patients at both visits by Human XL cytokine
Luminex Performance assay and Elisa.

Results Post-BD FEV, decline was 0.06 +2.44% pred.y™" in the overall population. Median (IQR) time between visits was
66 (62 — 86) months. The multivariable analysis showed that an increase in blood eosinophils over time (A BEC) (Reg.
Coef. (95%CI): 0.002 (0.001 to 0.004), p=0.005)) and onset of asthma (0.04 (0.003 to 0.07), p=0.036) were independently
associated with FEV, decline. IL8 levels measured at baseline were higher (499 (408—603) pg/ml, p=0.0040) in patients
with accelerated decline compared to others (143 (88—308) pg/ml).

Conclusion In this study, we have confirmed that an increase in blood eosinophil counts over a follow-up of at least 5 years
and later onset of asthma are associated with accelerated annual FEV, decline. Moreover, high sputum IL8 levels could be
a risk factor for accelerated decline in asthma patients.
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Introduction the inflammatory and the remodeling processes are associ-

ated with high expression of chemokines, growth factors and

Asthma patients may develop structural changes, called
remodeling, that, along with inflammation, may lead to
accelerated lung function (FEV,) decline [1]. The role of
eosinophilic inflammation in lung function decline has
been demonstrated with high sputum eosinophil count
[2-5], high variability in sputum eosinophils [6], as well
as increased blood eosinophil count over time [7] being
linked to accelerated rate of FEV, decline in asthma. Both
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other cytokines [8]. There is, however, limited longitudinal
data on the potential role of these immunologic biomarkers
for identification of airflow declining patients.

The purpose of this study was to highlight potential clini-
cal, biological, and functional risk factors and immunologic
biomarkers (EGF, VEGF, FGF, IL5, IL8, TGF-p, and IgE)
for accelerated lung function decline in a secondary care
asthma population with at least 5-year-follow up.
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Methods
Study Design, Setting and Participants

A prospective longitudinal study was conducted on adult
(> 18-year-old) asthmatics recruited from the University
Asthma Clinic of Liege, Belgium between 2010 and 2014
[9]. Patients came back for a second evaluation 5-10 years
later, provided they did not use an oral corticosteroid for
exacerbation within the last month (Fig. 1).

Diagnosis of asthma was done by a Pulmonologist [10].

All variables used for the analysis were collected dur-
ing patient routine visits with approval from the ethics
committee of CHU Liege (2005/181) in accordance to the
Helsinki Declaration.

Fig.1 Study design
| 2010

— 2014

March 2017

Follow-up
— Visit 2 -

Quality of Life was assessed using self-administered
Asthma Quality of Life Questionnaire (AQLQ) [11] and
Asthma control by the Juniper Asthma Control Question-
naire (ACQ) [12] and an Asthma Control Test (ACT) [13].

Subjects were characterized as atopic if they had one
positive specific Immunoglobulin E (IgE) test (0.35 kU.L-
1; Phadia, Groot-Bijgaarden, Belgium) for at least one com-
mon aeroallergen. Patients underwent Fractional Exhaled
Nitric Oxide (FeNO) measurements at flow rate of 50 mL/s
according to the ERS/ATS recommendations [14] (NIOX,
Aerocrine, Sweden) followed by spirometry with bronchodi-
lation, and sputum induction on the same day.

Sputum induction and processing were performed as
previously described [15, 16] using the whole expectorate.
Routine laboratory of the University Hospital of Liege per-
formed blood cell count.

Enrollment in the

study

Visit 1 — baseline
(n=231)

Did not wish to participate (n=54)
Unreachable (n=39)
Did not show up to appointment (n=9)
Death (n=4)

5-10 years later
- (n=125)

| January 2020 l

Patients (n=58) with sputum
supernatant at baseline &
follow-up:

Levels of cytokines (IL5, IL8),
IgE, EGF, FGF, VEGF, and TGF 8
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None of the patients included in the cohort were treated
with biologics.

FEV, Decline Definition

Annual post-BD FEV, changes obtained for each patient
were expressed in % pred.y”! or mL.y~'. Post-BD FEV,
change was calculated by subtracting the latest (V,) meas-
ured value from the baseline (V,) post-BD FEV,, divided
by the number of months separating the two measurements,
and multiplied by 12. Post-BD FEV expressed as a percent-
age of predicted (% pred.) values for age, sex and height
using reference equations from Quanjer GLI 2012 [17], was
selected as our marker of lung function for the linear regres-
sion model, as opposed to the absolute value (in mL) which
could simply reflect the physiologic effect of aging or the
influence of gender or height.

In order to detect fast decliners, we selected the percentile
75 (>0.85% pred.y™ ") for decline.

Immunoassays

In a subpopulation of 58 non-smoking or ex-smokers (<20
PAQY) patients, and not treated with systemic corticoster-
oids or biotherapy, cytokines and total Transforming Growth
Factor beta (TGF-P1) levels were measured in sputum super-
natant [18] at both visits (baseline and 5-10 year-follow-up)
(Fig. 1). All samples were stored at -80 °C and processed at
the same time.

The concentrations of cytokines contained in the sputum
supernatant were assessed by Human XL cytokine Luminex
Performance assay (R&D Systems, Minneapolis, USA)
according to the manufacturer’s instructions. The tested
cytokines included interleukin (IL-) IL-5, IL-8 (/CXCLS),
endothelial growth factor (EGF), fibroblast growth factor
(FGF)-2, and vascular endothelial growth factor (VEGF).
Detection limits were 3.0, 0.71, 13.3, 14.9 and 8.9 pg/ml
for IL-5, IL-8, EGF, FGF-2 and VEGEF respectively. Data
were acquired using Luminex MAGPIX analyzer (Luminex
corp, USA) to determine mean fluorescence intensity and
analyte concentrations (pg/mL). IgE levels were quantified
by Human IgE SimpleStep ELISA kit (Abcam, Cambridge,
UK). Both active and total transforming growth factor beta
(TGF-p) were measured in sputum supernatant as previously
described [19].

Statistical Methods

Continuous variables are presented as mean and SD when
normally distributed or as median and interquartile range
(IQR) when not normally distributed. Categorical variables
were presented as frequencies and percentages. Continuous
variables were compared by t- test when normally distributed

or by Wilcoxon Mann—Whitney test when non-parametric.
Fisher exact test was used to compare qualitative variables.
ANOVA or Kruskal Wallis analyses were conducted in order
to compare more than 2 groups (categories).

A sample size of 100 provides 80% statistical power in
detecting a correlation coefficient of 0.28, assuming a two-
sided alpha risk of 0.05. We addressed the problem of miss-
ing data by using the Multiple Imputation Chained Equation
(MICE) technique under the assumption that missing values
are missing at random [20]. Stata 15’s ‘mi impute chained’
command generated 20 imputed datasets [21]. Analyses run
on each dataset were pooled according to Rubin’s (1987)
rules. Factors associated with annual FEV, decline were
assessed by conventional linear regression using independ-
ent variables such as asthma onset, BMI, atopy, and dis-
ease duration at baseline or a delta (change from baseline
to follow-up visit) for smoking status, FeNO, SEC, SNC,
BEC, BNC, ACT, exacerbations, ICS dose, and chronic OCS
use. Decline in lung function per year (in % pred.y™') was
used as the dependent variable. A multivariable analysis was
done including all independent variables. We constructed
receiver-operating characteristic (ROC) curves for cytokine
levels associated with accelerated decline to determine the
cut-oftf which best identified FEV, decline (>0.85% pred.
y~1) in asthma. Optimal cutoff points were determined by
the method of the nearest point to (0,1). A p value <0.05
was considered statistically significant. Statistical analysis
was done using STATA version 14.0 (Statistical Software,
College Station, TX: StataCorp LP).

Results
Patients’ Characteristics at Baseline

A hundred and twenty-five patients, seen between February
2010 and November 2014, came back for a visit 5-10 years
later. Baseline demographic and clinical data of these
patients are presented in Table 1.

Baseline demographic and clinical data of the 58 patients
that had both sputum supernatant samples at baseline and
5-10 years later are presented in Table 1 online supplement.

Lung Function Decline

Mean (SD) post-BD FEV, decline was 0.06 +2.44% pred.
y~'or22.1+65.3 mL. y~! for the overall population.

Median (IQR) time between visits was 66 (62-86)
months. Fifty-seven percent of the population had slow
(<30 mL. y™!), 24% intermediate (30—-60 mL.y~!), and 19%
fast (> 60 mL.yr™!) post-BD FEV, decline.

Among 125 patients who were included in the analyses,
32 (26%) patients presented with accelerated annual post-BD
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Table 1 Demographic and clinical data at first visit (baseline) (A) and evolution over time (delta (A)) (n=125) (B)

A

Characteristics at baseline

N

Female (%)

Age (years)

BMI (kg/m?)

Disease duration (years)
Age of asthma onset (years) (n=116)
Asthma onset categories (n=116)
Early (< 12) (%)
Intermediate (12—40) (%)
Late (>40) (%)

Time between visits (months)
Smoking status (n=123)
Non-smokers (%)

Current smokers (%)
Ex-smokers (%)

Number of packyears
Atopy (%) (n=122)
Pre-BD FEV, (mL)
Pre-BD FEV, (% pred.)
Post-BD FEV, (mL)
Post-BD FEV, (% pred.)
Post-BD FEV ,/FVC (%)
Reversibility (%)

PC20M (mg/mL) (n=50)
FeNO (ppb) (n=112)

SEC (%) (n=121)

SEC (/uL) (n=117)

SNC (%) (n=121)

SNC (/uL) (n=117)
Sputum inflammatory phenotypes:
Paucigranulocytic (%)
Eosinophilic (%)
Neutrophilic (%)

Mixed (%)

Serum IgE (kU/L) (n=119)
CRP (mg/L) (n=96)
Fibrinogen (g/L) (n=91)
BEC (/uL) (n=119)

BNC (/uL) (n=119)

ACT score (n=281)

ACQ score (n="70)

AQLAQ score (n=120)

ICS dose (ug/day) (n=124)
ICS categories (n=124)
Steroid naive (%)

Low dose (%)

Moderate dose (%)

High dose (%)

125
74 (59)
51+14
2745
19+18
33422

27 (23)
38 (33)
51 (44)

66 (62-86) (Min:52 — Max:160)

59 (48)

29 (24)

35 (28)

0 (0-15)

71 (58)
2.35+0.85
79+21
2.58+0.87
86+19

73+12
10.8+11.8

2.42 (0.63-10.23)
31.3(16.6-51.8)
3.4 (0.8-17.3)
44.1 (7.4-342.2)
46.4 (28.7-71.2)

451.0 (175.0-1663.0)

36 (30)

60 (50)

20 (16)

5@

156 (66-404)
1.65 (0.60-5.33)
321 (2.77-3.77)
214 (118-375)
4059 (3162-5541)
149+5.1
2.08+1.27
451+136

1000 (400-2000)

27 (22)
20 (16)
28 (23)
49 (39)
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Table 1 (continued)

A

Characteristics at baseline

LABA user (%) 94 (75)
LAMA user (%) 13 (10)
OCS user (%) 14 (11)
LTRA user (%) 32 (26)
Exacerbations in last 12 months (n=122) 0 (0-1)
Exacerbations categories

0 (%) 80 (66)
1(%) 33 (27)
>2 (%) 9(7)
Hospitalizations in last 12 months (n="73) 0 (0-0)
Decline post-BD FEV, (mL.y™") 22.1+65.3
Decline post-BD FEV, (% pred.y ™) 0.06+2.44
B

Characteristics—evolution over time

N 125

A Smoking status

Never (%) 53 (43)
Stable (%) 55 (45)
Never becoming current (%) 4(3)
Current becoming Ex (%) 11 (9)

A FeNO (ppb) —4 (-22-5)
A SEC (%) (n=146) —1.1(-5.8-2.2)

A SNC (%) (n=146)
A BEC (/uL) (n=156)
A BNC (/uL) (n=156)
A ACT score

A Exacerbations

A ICS dose (ug/day)
A ICS dose categories
Steroid naive (%)
Stable (%)

Increased (%)
Decreased (%)

A LABA

Naive (%)

Stable (%)

Added (%)
Discontinued (%)

A LAMA

Naive (%)

Stable (%)

Added (%)
Discontinued (%)

A OCS

Naive (%)

Stable (%)

Added (%)

12.3 (—4.3-28.0)
—12.0 (=109.0-90.5)
115.5 (=785.0-1215.0)
2.12+5.95

0 (0-0)

0 (—=500; 250)

13 (10)
53 (42)
27 (22)
32 (26)

14 (11)
82 (66)
17 (13)
12 (10)

107 (86)
6(5)
4@3)
7(6)

103 (82)
5@
8 (6)

@ Springer



8 Page 6 of 13

Lung (2025) 203:8

Table 1 (continued)

B

Characteristics—evolution over time

Discontinued (%)

9(7)

Vx, Follow-up visit; V1, baseline visit; BMI, body mass index; BD, bronchodilation; SEC, sputum eosinophil count; SNC, sputum neutrophil
count, BEC, blood eosinophil count; BNC, blood neutrophil count; ACQ, Asthma Control Questionnaire; AQLQ, Asthma Quality of Life Ques-
tionnaire; FeNO, fractional exhaled nitric oxide; FEV1, forced expiratory volume in 1 s; CRP, C reactive protein; ICS, inhaled corticosteroid;
LABA, long-acting beta2 agonist; LAMA, long-acting muscarinic antagonist; LTRA, Leucotriene Receptor Antagonist; OCS, oral corticoster-
oid; PC20M, provocative concentration of metacholine causing a 20% fall in FEV1; ppb, parts per billion; Delta (A), Vx value minus V1 value

FEV, decline (% pred.y~' >0.85). A comparison of the clini-
cal characteristics of accelerated airflow declining group
compared to others is presented in Table 2. Patients with
accelerated decline were older (56 + 12 years versus 49 + 15;
p=0.0063), had a later onset of asthma (43 +21 years versus
29+21; p=0.0039) and tend to have more patients with late-
onset (>40 years). Although baseline post-BD FEV, were
similar in both groups, post-BD FEV /FVC ratio (% pred.)
was lower in patients with accelerated decline (67 + 11 ver-
sus 75+ 11; p=0.0119). Sputum neutrophil counts (%) were
higher at baseline in patients with accelerated decline (57.0
(45.4-77.2) versus 41.9 (24.4 — 66.2); p=0.0181). Although
smoking status were not statistically different at baseline, the
group of patients with accelerated decline over time tend to
have more patients with history of smoking (65%) compared
to non-decliners (48%), and they maintain their status over
time, while 11% of patients in the non-decliner group dis-
continue smoking during the follow-up period (p =0.038).

Other characteristics at baseline were not different
between groups. Moreover, there was no difference between
groups in terms of evolution (change) of biomarkers, treat-
ments, or exacerbations over time.

Factors Associated with Lung Function Decline

The univariate linear regression analysis (Table 3) revealed
a positive association between FEV | decline and A smoking
(Reg.Coef. (95%CI): 1.34 (0.44 to 2.24), p=0.004), mean-
ing that current smokers (or ex-smokers) that do not change
smoking status over time decline significantly faster than
never smokers. A BEC was also positively associated with
FEV, decline (0.002 (0.001 to 0.003), p<0.0001), meaning
that an increase in blood eosinophils during follow-up is
associated with faster decline.

The multivariable analysis showed that an increase
in blood eosinophils over time (A BEC) (0.002 (0.001 to
0.004), p=0.005) and onset of asthma (0.04 (0.003 to 0.07),
p=0.036) were associated with an accelerated FEV | decline
independently from other variables such as BMI, disease
duration, atopic status, change in exacerbations, change in
smoking status, change in ACT score, change in FeNO level,

@ Springer

change in SEC, change in SNC, change in BNC, change in
ICS dose, or change in chronic OCS use status over time.

Cytokines, Angiogenic Factors and Inmunoglobulin
E

Levels of cytokines, angiogenic factors, and IgE were meas-
ured in sputum in a sub-population of 58 patients whose
characteristics are given in Tables 1 and 2 online supple-
ment. Levels of measured IL8 at baseline were higher (499.7
(408.9—603.2) pg/ml, p=0.0040) in the declining group
(FEV, decline >0.85% pred.y~!) compared to baseline IL8
levels in non-declining group (143.9 (88.5—308.8)). Levels
of EGF, VEGF, IgE, and TGF beta in the declining group
(n=15) were not statistically different from levels in non-
declining group (n=43) (Table 4). Paired analyses between
baseline and follow-up visit did not reveal a difference
between groups either (Table 3 online supplement). FGF
and IL5 were not detectable in our samples.

Constructing a ROC curve revealed that the IL8 level in
sputum supernatant was able to identify accelerated decline
(FEV, decline >0.85% pred.y~!) with the best cut-off point
of 385.14 (pg/ml) providing an 83% sensitivity and 89%
specificity (AUC 0.7810, p=0.0040, Fig. 2).

Discussion

In this prospective study, we have confirmed that in a sec-
ondary care asthma clinic, patients with an increase in blood
eosinophil counts over 5-10 year-follow-up duration are
more at risk of accelerated annual lung function decline than
others. Moreover, we show that later onset and high sputum
IL8 levels are associated with accelerated decline.

Rates of post-BD FEV, decline (in % pred.) previously
reported in studies with at least 5 year-follow-up have varied
from 2.22% (SE: 0.15%) over a 5-year period in asthmatics
[22] to 0.07 units in FEV,%pred. in a population with an
average of 18 year-follow-up [23] which is comparable to
our results with 0.06% pred.y~".

Our data indicate that half of the population does not actu-
ally decline which is an important observation and makes
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Table 2 Comparison: Airflow decline (>0.85%) group (n=59) to no decline (<0.85%) group (n=66) based on FEV, decline % pred. (V,-V,).

Demographic and clinical data at first visit (baseline) (A) and evolution over time (A) (B)

A

Non-decliners Airflow decliners P value
N (%) 93 (74) 32 (26)
Gender (F) (%) 54 (58) 20 (63) 0.683
Age (years) 49+15 56+12 0.0063
BMI (kg/m?) 26+5 2745 0.4331
Disease duration (years) 21+19 15+18 0.1348
Asthma onset 0.060
<12 (%) 24 (28) 3(10)
12 to 40 (%) 29 (34) 9 (30)
>40 (%) 33 (38) 18 (60)
Age asthma onset (years) 29+21 43+21 0.0039
Time between first and last visit (months) 75+19 78 +26 0.5439
Smoking status 0.064
Non-smokers (%) 48 (52) 11 (35)
Current smokers (%) 23 (25) 6 (19)
Ex-smokers (%) 21 (23) 14 (45)
Pack-Year 8.3+13.8 1434232 0.1850
Atopy (Y) (%) 53 (59) 18 (56) 0.837
Pre-BD FEV, (L) 2.44+0.86 2.11+0.79 0.0513
Pre-BD FEV, (% pred.) 79+20 77+24 0.5575
Post-BD FEV, (L) 2.65+0.87 2.39+0.87 0.1673
Post-BD FEV, (% pred.) 86+ 18 86+23 0.9941
Post-BD FEV ,/FVC (%) 75+11 67+11 0.0119
Reversibility (%) 9.7+11.2 14.0+13.1 0.1089
PC20M (mg/ml) 2.68 (0.57-10.34) 1.65 (0.88-6.09) 0.8648
FeNO (ppb) 33.1(16.2-55.2) 25.7 (18.0-48.0) 0.5346
SEC (%) 4.8 (0.8-17.3) 2.0 (0.6-19.2) 0.4033
SNC (%) 41.9 (24.4-66.2) 57.0 (45.4-77.2) 0.0181
Sputum inflammatory phenotypes 0.131
Paucigranulocytic (%) 27 (30) 9 (29)
Eosinophilic (%) 47 (52) 13 (42)
Neutrophilic (%) 11 (12) 9(29)
Mixed (%) 5(6) 0(0)
Serum IgE (kU/L) 196 (67-420) 86 (59-256) 0.1741
BEC (/uL) 215 (123-376) 209 (99-297) 0.5369
BNC (/uL) 4023 (3024-5065) 4752 (3551-6150) 0.1256
ACT score 14.7+5.1 15.8+5.2 0.3795
ACQ score 2.13+1.29 1.97+1.24 0.6641
AQLQ score 4.48+1.37 4.59+1.36 0.7114
ICS dose 1000 (400-2000) 650 (100-2000) 0.3778
ICS category: (%) 0.342
Steroid naive (%) 19 (21) 8 (25)
Low dose (%) 12 (13) 8 (25)
Moderate dose(%) 22 (24) 6 (19)
High dose (%) 39 (42) 10 (31)
LABA (Y) (%) 71 (76) 23 (72) 0.639
LAMA (Y) (%) 7(8) 6 (19) 0.094
OCS (Y) (%) 10 (11) 4 (13) 0.753
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Table 2 (continued)

A

Non-decliners Airflow decliners P value
LTRA (Y) (%) 24 (26) 8 (25) 1.000
Exacerbations in last 12 months 0(0-1) 0 (0-1) 0.5355
Exacerbations 0.926
0 28 (52) 11 (58)
1 20 (37) 7 (37)
>2 6(11) 15
Hospitalizations in last 12 months 0 (0-0) 0(0-1) 0.4189
B

Non —decliners Airflow decliners P value
N (%) 93 (74) 32 (26)
A Smoking status 0.038
Never (%) 44 (48) 9 (29)
Stable (current or ex — smokers) (%) 34 (37) 21 (68)
Never becoming current (%) 3(03) 1(3)
Current becoming Ex (%) 10 (11) 00
A FeNO (ppb) -4 (-26;-6) -3 (-16;—-4) 0.8130
A SEC (%) —-14(-7.0,-24) 0.2 (-2.8;-2.0) 0.3149
A SNC (%) 5.3(=7.6;-24.7) 9.2 (1.9;—-19.0) 0.6828
A BEC (/uL) —16 (- 123;-76) 0 (—60;—169) 0.1732
A BNC (/uL) 37 (—796;—1427) 193 (—458;—-750) 0.6658
A ACT 3(-1;,-6) 0(-3;-3) 0.0828
A Exacerbations 0(—1;0) 0@;1) 0.0738
A ICS dose 0 (—=500; 0) 0 (0; 775) 0.0677
A ICS (category) dose 0.283
Steroid naive (%) 9 (10) 4(13)
Stable (%) 40 (43) 13 (41)
Increased (%) 17 (18) 10 (31)
Decreased (%) 27 (29) 5(16)
A LABA 0.878
Naive (%) 10 (11) 4 (13)
Stable (%) 61 (66) 21 (66)
Added (%) 12 (13) 5(16)
Discontinued (%) 10 (11) 2(6)
A LAMA 0.081
Naive (%) 84 (90) 23 (74)
Stable (%) 3(3) 3 (10)
Added (%) 2(2) 2 (6)
Discontinued (%) 4 (4) 3 (10)
A OCS 0.337
Naive (%) 79 (85) 24 (75)
Stable (%) 44 1(3)
Added (%) 44 4(12)
Discontinued (%) 6(7) 309

BMI, body mass index; BD, bronchodilation; SEC, sputum eosinophil count; SNC, sputum neutrophil count, BEC, blood eosinophil count;
BNC, blood neutrophil count; ACQ, Asthma Control Questionnaire; AQLQ, Asthma Quality of Life Questionnaire; FeNO, fractional exhaled
nitric oxide; FEV1, forced expiratory volume in 1 s; CRP, C reactive protein; ICS, inhaled corticosteroid; LABA, long-acting beta2 agonist;
LAMA, long-acting muscarinic antagonist; LTRA, Leucotriene Receptor Antagonist; OCS, oral corticosteroid; PC20M, provocative concentra-
tion of metacholine causing a 20% fall in FEV1; ppb, parts per billion; Delta (A), Vx value minus V1 value
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Table 3 Factors associated with lung function decline. Results of the linear regression—multivariable analysis. N = 125*
Lung function decline Total population*
(Post—BD FEV, % pred.y™!) — —

Univariate Multivariable

Coeff 95%C1 P value Coeff 95%CI P value
BMI 0.03 —0.06 t0 0.12 0.567 -0.03 —0.13 to 0.06 0.502
Atopy 0.21 —0.67 to 1.09 0.644 0.81 —-021to01.84 0.119
Disease duration -0.01 —0.03 t0 0.02 0.546 0.02 —0.02 to 0.05 0.370
Onset 0.02 —0.004 to 0.04 0.127 0.04 0.003 to 0.07 0.036
A Smoking (Never (%))
Stable (%) 1.34 0.44t02.24 0.004 0.83 -0.12to 1.78 0.085
Never becoming current (%) 1.94 —0.49 to 4.37 0.118 1.71 —0.86t0 4.28 0.190
Current becoming Ex (%) 0.15 —-1.39t0 1.70 0.844 0.15 —1.53t01.83 0.858
A ACT score —-0.06 —0.15t0 0.03 0.156 —0.05 —0.14 to 0.04 0.234
A Exacerbations 0.07 —0.24 t0 0.38 0.665 —0.04 —0.39t00.32 0.843
A FeNO (ppb) 0.01 —0.002 to 0.02 0.136 —0.001 —0.01 to 0.01 0.939
A SEC (%) 0.19 —0.006 to 0.04 0.127 0.01 —0.03 to 0.04 0.750
A SNC (%) 0.005 —0.01 t0 0.02 0.570 0.01 —0.01 t0 0.03 0.308
A BEC (/uL) 0.002 0.001 to 0.003 <0.0001 0.002 0.001 to 0.004 0.005
A BNC (/uL) —0.00002 —0.0002 to 0.0002 0.858 —0.0001 —0.0003 to 0.0001 0.475
A ICS dose (ug/day) —0.00007 —0.0006 to 0.0004 0.764 —0.00005 —0.0004 to 0.0005 0.850
A OCS (Naive)
Stable —-1.38 —3.61t00.84 0.221 0.54 —2.04t03.12 0.680
Added 0.03 —1.75t0 1.81 0.973 0.85 —0.90 to 2.61 0.337
Discontinued 0.09 —1.32t0 2.06 0.664 0.41 —-1.39t02.21 0.653

BMI, body mass index; SEC, sputum eosinophil count; SNC, sputum neutrophil count, BEC, blood eosinophil count; BNC, blood neutrophil
count; ACT, Asthma Control Test; FeNO, fractional exhaled nitric oxide; ICS, inhaled corticosteroid; LABA, long-acting beta2 agonist; LAMA,
long-acting muscarinic antagonist; OCS, oral corticosteroid; ppb, parts per billion; Delta (A), V, value minus V, value

Table 4 Comparison of

. Baseline Non-decliners Decliners p-value

cytokine and growth factors

levels (Pg/glL)lmeésured in EGF 65 (42-111) (n=39) 93 (57-171) (n=15) 0.1990

sputum at baseline in non- _ g _

docliners and decliners L8 143 (88-308) (n=35) 499 (408-603) (n=12) 0.0040
VEGF 189 (141-263) (n=38) 247 (170-329) (n=14) 0.2082
TGF total 1536 (873-2480) (n=43) 1071 (710-2456) (n=15) 0.4612
TGF active 519 (415-742) (n=43) 520 (391-776) (n=15) 0.9222
IgE 0.31 (0.00-0.75) (n=42) 0.31 (0.00-0.58) (n=15) 0.9631

worth investigating the factors associated with decline.
Hastie et al. also showed that only 20% of the population
studied (i.e. patients who combined high sputum eosinophils
and neutrophils) had an FEV decline over a 3 years observa-
tion period [24].

Based on previous studies [7, 25], it appears that lung
function decline should be evaluated in patients with at least
5 year-follow-up. With the current study on asthmatics with
at least 5 year-follow-up, we confirm our previous obser-
vation linking change in blood eosinophils and change in
post-bronchodilation FEV, [7]. Our data actually show that
a reduction in BEC is associated with prevention of lung
function decline and is sometimes related to lung function

improvement [26]. Moreover, treatments targeting IL-5
thereby preventing increase in blood eosinophils over time
were found to improve lung function in severe eosinophilic
asthma [27]. Why change in BEC may be associated with
lung function decline while change in SEC is not, remains
unclear. It may be that eosinophils coming from the blood
play a role in damaging distant part of the airways or parts
of the lung itself, two compartments not adequately sampled
by sputum analysis but which may critically contribute to
FEV, decline [28, 29]. Also, recent evidence indicate that
eosinophils are not a homogenous cell type and the propor-
tions for different eosinophil types may vary between blood
and airway lumen [30, 31].
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Fig.2 Receiver operating characteristic (ROC) curves for sputum
IL-8 as predictor for FEV, decline (>0.85% pred.y.”") in asthma.
Sensitivity 83%, specificity 89%, cut-off: 385 pg/ml, p=0.0040,
AUC: 0.7810

We also confirm the observation that later asthma onset is
linked to accelerated decline in mild to moderate asthma [32,
33]. In the current study decliners had already clear indica-
tion of airway obstruction with significantly altered FEV,/
FVC ratio irrespective of smoking history. This suggests a
more aggressive form of the disease likely to be prone to
greater airway remodeling, indeed more often associated
with comorbidities such as nasal polyposis and more intense
local and systemic eosinophilic inflammation [34, 35].

Consistent with prior studies in asthma and chronic
obstructive pulmonary disease (COPD) [36, 37] reporting
that plasma and sputum levels of IL8 inversely correlate
with lung function, we show that higher sputum ILS8 lev-
els are associated with accelerated FEV, decline over time.
Marc-Malovrh et al. [38] had already shown that elevated
sputum IL8 at follow-up might be raised in asthma patients
with accelerated FEV decline. In our study, we go one step
further showing that higher baseline sputum IL8 levels are
associated with accelerated lung function decline. Further-
more, we did measure levels of inflammatory cytokines at
baseline and at follow-up and found IL8 levels remained
high at follow-up. There are several possibilities through
which IL-8 could favor lung function decline. IL-8 is a
potent chemotactic agent for granulocytes (both neutrophils
and eosinophils) recruitment in the airways the role of which
have been suggested in persistent airway obstruction [19,
24]. In addition, it has been shown that IL-8 may contribute
to the pathogenesis of severe asthma by directly facilitat-
ing airway remodeling with an increase bronchial smooth
muscle cell migration and proliferation [39, 40]. Although
elevated levels of IL-8 are usually associated with neutro-
philia [41], we found increased levels of IL8 in decliners
at baseline compared to non-decliners despite the lack of

@ Springer

difference in SNC numbers. Indeed, even though, decliners
in our overall population was older and was more neutro-
philic ([42-45]), but in our subpopulation where cytokines
were tested, decliners were not older or more neutrophilic.
This implies that IL8 can play a role in remodeling indepen-
dently of neutrophilia. To assess the usefulness of IL8 as a
predictor of accelerated decline in asthma, a ROC analysis
was performed. We found that, sputum IL8 demonstrated an
optimal cutoff point at 385.14 (pg/ml), which is associated
with a sensitivity and specificity of 83% and 89% respec-
tively. Treatment with ant-IL8 receptor (CXCR2) inhibi-
tor has however not brought any clinical improvement in
moderate to severe asthma over a period of a few months
[46]. However, it may be that outcomes such as day to day
asthma control, FEV fluctuation and exacerbations are dis-
connected from loss in post-bronchodilator FEV, over long
term period. Contrary to our expectation, other cytokines
and growth factors measured were not associated with loss
of FEV, over time.

This study presents some limitations. First, lung func-
tion decline calculation was based on 2 measurements only.
Second, all disease severities were present in our population
which was a heterogenous population of asthmatics repre-
sentative of a secondary care population, even if the patients
were carefully diagnosed by specialists as opposed to self-
reported. Third, time between first and last visits was also
much variable but decline was annualized to correct for that
possible bias. Fourth, treatment was not fixed during the
follow-up but left at the discretion of the physicians and
adherence to treatment was not recorded. Over all there was
however no striking changes in asthma treatment between
visit 1 and visit 2.

Conclusion

In this study, we have confirmed in a secondary care asthma
clinic that patients with an increase in blood eosinophil
counts over 5—10 year-follow-up duration or with later onset
of asthma are more at risk of accelerated annual lung func-
tion decline than others. Moreover, high sputum IL8 levels
are associated with accelerated decline, which makes this
cytokine a possible target to counter loss in lung function
on the long term.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00408-024-00760-9.
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