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ARTICLE INFO ABSTRACT

Keywords: Introduction: Inflammation appears early in cystic fibrosis (CF) pathogenesis, with specific elevated inflammatory
Cystic fibrosis markers in bronchoalveolar lavage fluid (BALF) correlating with structural lung disease.

Children

Our aim was to identify markers of airway inflammation able to predict bronchiectasis progression over two
years with high sensitivity and specificity.

Methods: Children with CF with two chest computed tomography (CT) scans and bronchoscopies at a two-year
interval were included (n= 10 at 1 and 3 years and n= 27 at 3 and 5 years). Chest CTs were scored for in-
crease in bronchiectasis (A%Bx), using the PRAGMA-CF score. BALF collected with the first CT scan were
analyzed for neutrophil% (n= 36), myeloperoxidase (MPO) (n= 25), neutrophil elastase (NE) (n= 26), and with a
protein array for inflammatory and fibrotic markers (n= 26).

Results: MPO, neutrophil%, and inducible T-cell costimulator ligand (ICOSLG), but not clinical characteristics,
correlated significantly with A%Bx. Evaluation of neutrophil%, NE, MPO, interleukin-8 (IL-8), ICOSLG, and
hepatocyte growth factor (HGF), for predicting an increase of > 0.5% of A%Bx in two years, showed that IL-8
had the best sensitivity (82%) and specificity (73%). Neutrophil%, ICOSLG and HGF had sensitivities of 85,
82, and 82% and specificities of 59, 67 and 60%, respectively. The odds ratio for risk of >0.5% A%Bx was higher
for IL-8 (12.4) than for neutrophil%, ICOSLG, and HGF (5.9, 5.3, and 6.7, respectively). Sensitivity and specificity
were lower for NE and MPO).

Conclusions: High levels of IL-8, neutrophil%, ICOSGL and HGF in BALF may be good predictors for progression of
bronchiectasis in young children with CF.

Bronchiectasis
Bronchoalveolar lavage
Inflammatory markers

1. Introduction of mortality in people with cystic fibrosis (CF). A large proportion of
children with CF have already developed bronchiectasis by the age of 5
Progression of structural lung disease over time is an important cause years [1]. Inflammation plays an important role in the pathogenesis of

Abbreviations: BALF, bronchoalveolar lavage fluid; Bx, bronchiectasis; CF, cystic fibrosis; CT, computed tomography; Dis, disease; HGF, hepatocyte growth factor;
ICOSLG, inducible T—cell costimulator ligand; IL-8, interleukin-8; MPO, myeloperoxidase; NE, neutrophil elastase; NPX, normalized protein expression; OR, odds
ratio; PRAGMA-CF, Perth-Rotterdam Annotated Grid Morphometric Analysis for CF; RML, right middle lobe; ROC, receiver operating characteristics; SE, standard
error.
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lung disease in early stages of CF. The lungs of children with CF contain
large numbers of neutrophils and increased concentrations of
pro-inflammatory cytokines and neutrophil effector proteins [2]. Prior
longitudinal studies of young children with CF have shown that specific
inflammatory markers correlate with structural lung disease and can
predict an increased risk for development of bronchiectasis [3-5].

Early identification of risk factors linked to development of bron-
chiectasis is important to limit lung damage and to improve long-term
survival. However, there are currently few options available for moni-
toring CF lung disease in preschool children. Preschool children cannot
perform spirometry or expectorate sputum, and treating physicians
often need to rely on parental report of symptoms. Although lung
clearance index (LCI) measured by the multiple-breath washout tech-
nique is promising it requires special equipment and trained personnel,
and the information on inflammation in the airways that it provides is
limited [6]. While chest computed tomography (CT) scans enable
quantification of structural lung damage such as bronchiectasis, bio-
markers predicting such damage are needed preferably before it
develops.

As part of the Australian Respiratory Early Surveillance Team for CF
(AREST-CF) research program, regular bronchoscopies and chest CT are
done in children with CF following their diagnosis by neonatal screening
[7]. Within that cohort, it was previously shown that in bronchoalveolar
lavage fluid (BALF) of 3-month-old infants with CF, the presence of
detectable neutrophil elastase (NE) was associated with an increased
risk of developing bronchiectasis by 12 and 36 months of age [3]. The
surveillance program I-BALL (Inflammatory markers in Bron-
cho-Alveolar Lavage to predict early CF Lung disease) in Rotterdam
paralleling the AREST-CF program, was started in 2014, a few years
after CF newborn screening was introduced in the Netherlands. Within
the I-BALL-cohort, we reported previously that measurements in BALF
of NE exocytosis by neutrophils [8], myeloperoxidase activity (MPO)
[4], interleukin-8 (IL-8) and lipid profiles [5,9] positively correlated
with early CF lung disease on chest CT scans [4,5,8]. Increased markers
of oxidative stress, arginine metabolism, protein catabolism and lipid
metabolism in the airways were also observed in BALF of young CF
children with bronchiectasis [10]. Finally, in a cross-sectional analysis
of the I-BALL cohort, signaling proteins involved in inflammation and
tissue remodeling, including hepatocyte growth factor (HGF), inducible
T cell costimulator ligand (ICOSLG,), IL-8, adenosine deaminase, argi-
nase 1, and TNF receptor superfamily members 9 and 14, measured by
the Olink protein array platform, were increased in BALF and correlated
positively with structural lung disease(9).

Considering the critical role of inflammation in early CF lung disease
development, it is important to identify markers that could be used, as
there are no clinical tests yet, to predict which children are at risk of
developing later structural lung damage. The primary aim of this study
was to identify candidate markers of inflammation in BALF that can be
used with high sensitivity and specificity in young children with CF that
are at risk for development and progression of structural lung disease
over two years.

2. Methods
2.1. Subjects

Children diagnosed with CF by newborn screening were included in a
prospective, longitudinal early CF monitoring program (I-BALL study;
Inflammatory markers in Broncho-Alveolar Lavage to predict early CF
Lung disease) at the CF Center of the Erasmus Medical Center - Sophia
Children’s Hospital, Rotterdam, The Netherlands. A bronchoscopy and
chest CT scan were performed at the age of 1, 3 and 5 years as part of
their routine annual check. Preschool children were included in this
analysis when at least two serial chest CT scans were available. Clinical
data were collected from patient’s medical records. All bronchoscopies
and chest CTs were performed in the period from 2014 to 2019. None of
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the children were on CFTR modulators at that time. The Institutional
Review Board of the Erasmus MC approved the study, and all parents
signed informed consent. The I-BALL study is registered on Clinicaltrial.
gov (Identifier: NCT02907788).

2.2. Bronchoscopy and BALF collection

Children were clinically stable at the time of the bronchoscopy. If
they displayed symptoms of fever or a cold, the bronchoscopy was
postponed. Bronchoscopy was performed under general anesthesia and
with a laryngeal mask. During bronchoscopy, BALF was collected as
follows: three aliquots of normal saline (1 ml/kg body weight, to a
maximum of 20 ml/aliquot) were lavaged in the right middle lobe
(RML), and one in either the lingula or the most affected lobe, as
determined on the chest CT scan before bronchoscopy by the pediatric
pulmonologist performing the bronchoscopy. Pooled equal parts of each
aliquot were analyzed for microbiology and cell count. The remainder
from the second and third aliquots of BALF from the RML were pooled
and immediately put on ice, spun at 800 g to separate supernatant and
cells, and stored at —80 °C until analysis for inflammatory markers.

2.3. Chest CT scans

Free-breathing chest high-resolution CT scans were performed using
a Siemens SOMATOM® Force ultra-fast scanner, with a low-dose pro-
tocol. The chest CT scan was performed before bronchoscopy, with a
maximum of one week in between. Structural CF lung disease was scored
using the Perth-Rotterdam Annotated Grid Morphometric Analysis for
CF (PRAGMA-CF) method [11]. The PRAGMA-CF score includes the
total percentage of disease in the lungs (%Dis), which is the sum of
percent bronchiectasis (%Bx) and other abnormalities (mucus plugging
and airway wall thickening) as a portion of the whole lung after
excluding areas of atelectasis. Intra- and inter-class correlation co-
efficients were assessed. The intraclass correlation coefficient was 0.95
and interclass correlation coefficient was 0.73 (see supplemental
Methods and Table 3 for the validation of PRAGMA scoring) [12].

2.4. Measurement of inflammatory markers

Cell counts were done by counting 300 cells from the pooled BALF,
and neutrophil% was calculated. NE, MPO, and proteomics analyses
were performed in the stored supernatant of the BALF sample from the
RML. NE activity was measured using a fluorometric assay (Cat
#600610, Cayman Chemicals, Ann Arbor, Michigan, USA). MPO activity
and protein abundance were analyzed by a serial fluorometric activity
and ELISA method [4]. For the protein array, we used a Fluidigm-based
protein array (Olink, Sweden) with a panel of 92 pro-inflammatory
protein markers, as previously described [9]. Olink provided no abso-
lute concentrations, only normalized protein values in log2 ratio as
normalized protein expression (NPX) (Supplementary methods) [9]. Out
of 92 protein markers acquired, ICOSLG, HGF, and IL-8 were the best
candidates for correlation with %Dis and %Bx in this expanded cohort
(Supplementary Table 4 and Supplementary Methods). We used these
markers in this study for correlation with structural lung disease
progression.

2.5. Statistical analysis

The primary aim was to identify the inflammatory marker with the
best sensitivity and specificity to predict an increase in the PRAGMA-CF
score two years later. Progression of structural lung disease was defined
as the change in PRAGMA-CF score between chest-CT at baseline and 2
years later (A%Dis and A%Bx).

First, univariate correlations between different clinical variables and
the outcomes A%Dis and A%Bx were assessed using Spearman corre-
lation tests, and potential predictive biomarkers were selected based on
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their unadjusted p-value.

Second, a mixed model was used to investigate the progression of %
Dis score, %Bx score and neutrophil% in BALF with age. As the popu-
lation average progression of A%Dis score or A% Bx score is unknown,
to avoid aggressive classification of progressors, we conservatively
define the cutoff for a progressor as the upper bound of the 95% confi-
dence interval for the true population mean of A%Dis score or A% Bx
score. We labeled each child as either stable when the A%Dis or A%Bx
was below the total mean + two standard errors of the whole study
group, or as progressor when it was above the mean + two standard
errors. After this, the prognostic value of the different markers for being
in the progressor group was analyzed using the receiver operating
characteristics (ROC) method. Finally, the cut-off value of the markers
with optimal sensitivity and specificity was estimated using Youdens
Index. R-studio analytics software version 3.6.1 was used for statistical
analysis. We performed logistic regression to estimate the odds ratio
(OR) of each marker dichotomized based on these cut-off values for
whether a child belongs to the progressor group or the corresponding
95% CI, using NLME package version 3.1. The Youdens Index and ROC
curve analyses used the ROCR package version 1.0-7.

3. Results
3.1. Baseline characteristics

A total of 37 children with CF were included of which paired samples
were available of 10 children aged 1 and 3 years old, and 27 aged 3 and 5
years old. Table 1 shows the clinical characteristics of the study group.
In the supplement we show the data for the two age groups separately

Table 1

Clinical characteristics study group. Clinical data were acquired from hospital
records. The study consists of 37 children with CF with a mean age of 2.8 years.
Percentages of the total number included are shown for gender, Pancreatic
insufficiency, mutation, hospitalization and positive cultures for Pseudomonas
aeruginosa and Aspergillus fumigatus, For the number of positive culture and oral
antibiotic courses, the mean and range is shown. The mean, standard deviation
of length, weight, and BMI is based on the Dutch population.

Study cohort

Number of children with

CF 10
Age1and 3 27
Age 3and 5
Age Mean 2.8[1-5]
Gender Male 17 (46 %)
Female 20 (54%)
PRAGMA-CF A%Dis Stable 29 (78%)
Increase in %Dis 8 (22%)
PRAGMA-CF A%Bx Stable 22 (59%)
Increase in %Bx 15 (41%)
Pancreatic insufficient ~ Yes 30 (81%)
No 7 (19%)
Mutation Homozygote F508Del 12 (32%)
Heterozygote F508Del 21 (57%)
Other mutations 4 (11%)
positive BAL culture Yes 12 (32%)
No 25 (68%)
Number of positive microbiology airway* cultures per child in 2 yrs 5.5 [021]
Number of children with a positive Pseudomonas aeruginosa culture 7 (19%)
in 2 yrs
Number of children with a positive Aspergillus fumigatus culture in2 3 (8%)
yrs
Number of children hospitalized for pulmonary exacerbations in 2 5 (13%)
yrs
Mean number of oral antibiotic courses per child in two years 6.4 [014]

*: airway cultures: nasopharyngeal swab, throat swab, sputum cultures, BAL.
Positive microbiology airway cultures: defined as at least one micro-organism
cultured in the microbiology lab: microorganisms found were: Pseudomonas
aeruginosa, Staphylococcus aureus, Moraxella catarrhalis, Haemophilus influ-
enzae, Escherichia coli and Streptococcus pneumoniae.
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(supp Table 1).

3.2. Correlation of inflammatory markers in BALF with progression of
early CF lung disease

Values for PRAGMA-CF scores and inflammatory mediators at the
different time points are outlined in Table 2 and Supplementary Table 2.
Data were not normally distributed, therefore Spearman’s correlation
tests were used. There was no significant correlation between clinical
parameters and change in PRAGMA-CF score (A%Dis and A%Bx).
Clinical parameters tested were: CFTR mutation, pancreatic status,
microbiology culture results, hospitalizations, number of positive cul-
tures, oral antibiotic courses prescribed, length, weight and BMI.
PRAGMA-CF %Dis and %Bx scores at baseline did not correlate with A%
Dis or A%Bx. There was a significant correlation between PRAGMA-CF
%Dis and %Bx and age, but no significant correlation between the in-
flammatory markers and age (Table 2). The PRAGMA-CF A%BE is larger
in group 3-5 yrs compared to age group 1-3 yrs, although this a not
statistically significant difference.

Correlation was found between change in PRAGMA-CF score A%Dis
and A%Bx and several inflammatory markers using Spearman correla-
tions as shown in Table 3 and Supplementary Table 4. There was sig-
nificant correlation between ICOSLG and HGF at first bronchoscopy and
A%Dis (p < 0.05), while other inflammatory markers did not show
significant correlations. A%Bx was significantly correlated with MPO,
neutrophil%, ICOSLG, IL-8 and HGF, but not with NE activity.

3.3. Sensitivity and specificity of inflammatory markers in BALF to
predict development and progression of bronchiectasis over two years

Children with CF were grouped into either a stable group or a group
with more than average A%Dis and A%Bx defined as follows: the mean
A%Dis in two years was 0.62 % in this cohort, with a standard error (SE)
of 0.17 %. Children with CF with A%Dis value that was greater than the
mean A%Dis plus two SE (= 0.96 %) over two years were grouped as
“increase in %Dis” (Supplementary Methods). Analyses were done with
0.96 % and 1 % A%Dis, which did not differ from each other. As 1 % is a
more practical clinical measure, we continued with a 1 % increase in A%
Dis. The same method was used for A%Bx (mean = 0.28 %, SE = 0.07 %,
= 0.42 % increase in %Bx) and grouped as an "increase in %Bx"
(Table 1). Calculations were done for 0.42 % and 0.5 %, which did not
differ. So we chose to continue with a 0.5 % increase in A%BX, as thisis a
more practical clinical measure to apply.

To assess which inflammatory markers can be used to predict the
development and progression of lung disease, the optimal threshold,
defined as the highest sensitivity/specificity calculated with the You-
dens Index on the ROC curve [13], was determined (Supplementary
Table 5) (Fig. 1). The level of IL-8 >12.2 NPX yields the highest AUC as a
predictor for more than 0.5 % of A%Bx in two years with the best
combination of sensitivity (85 %) and specificity (73 %) AUCs of
ICOSLG, Neutrophil%, MPO and HGF were all greater than 0.70. How-
ever, their specificity was generally quite lower (Fig. 1 and Supple-
mentary Table 5).

The OR (CI) for risk of more than 0.5 % of A%Bx in two years was
highest for IL-8 (12.4 (2]-109). For neutrophil%, ICOSLG, and HGF, the
ORsOR (CI) were 5.9 (1.8-23.7), 5.3 (1.0-33.9), and 6.7 (1.2-55.7),
respectively. OR’s for NE and MPO were not statistically significant.
Also, OR’s for more than 1 % increase in PRAGMA-CF %Dis score were
not significant (Fig. 2 and Supplementary Table 5).

4. Discussion

In this study, we found that high levels of ICOSLG, IL-8, HGF, and
neutrophil% had high sensitivity at the highest Youdens index for pre-
dicting a more than average increase in %Bx over two years in young
children with CF. We showed a 5 to 12 times higher risk of developing a



H. Horati et al.

Table 2
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CF BALF measurement. Reported in this table are sample size (n), median, and Q25-Q75 range of the measurements. Chest-CT scans were scored using the PRAGMA-CF
scoring method. The percentage of disease (%Dis) and bronchiectasis (%Bx) were used as outcomes. NE, MPO, Neutrophil%, ICOSLG, IL-8, and HGF were measured in

BALF.
Age (years) 1 3 5
n Median Q25-Q75 n Median Q25-Q75 n Median Q25-Q75
PRAGMA-CF %Dis 10 1.07 0.61-1.45 37 1.8 0.91-2.90 27 2.12 1.23-3.53
PRAGMA-CF %Bx 10 0 0-0.11 37 0.17 0-0.37 27 0.44 0.26-0.91
PRAGMA-CF A%Dis X X X 36 0.65 -0.34-1.58 27 -0.23 -0.64-1.7
PRAGMA-CF A%Bx X X X 36 0.05 0-0.28 27 0.27 0.05-0.67
NE (pg/mL) 10 5.7 4.4-8.4 20 6.9 5.0-9.5 5 7.8 3.8-14.7
MPO (pg/mL) 8 0.14 0.1-0.4 24 0.42 0.15-1.58 15 1.06 0.30-2.78
Neutrophil percentage (%) 10 14 8-24 36 30 18-51 24 33 19-46
ICOSLG (NPX) 10 0.6 0.3-1.0 20 0.5 0.2-1.3 15 1.3 11.1-13.8
IL-8 (NPX) 10 11.9 10.1-12.8 20 11.7 9.7-13.3 15 13.2 0.3-1.9
HGF (NPX) 10 4.9 4.5-6.0 20 5.3 4.1-6.6 15 6.7 4.9-7.0
Table 3 In contrast with former studies, we found that in our cohort soluble
able

Correlation analysis of inflammation with change in PRAGMA-CF score. Spearman
correlation test was used for the analysis of markers with both change in
PRAGMA-CF scores in two years and the yearly increase of PRAGMA-CF score
due to differences in age between children with CF. Shown: number of children
with CF (n)Spearman Rho (Rho), and unadjusted p-value (< 0.05 as significance
value)

A PRAGMA-CF scores within two PRAGMA-CF A%Dis PRAGMA-CF A%

years Bx
N Rho P-value  Rho P-value
Baseline PRAGMA-CF %Dis 37 0.73 <0.01 0.26 0.03
Baseline PRAGMA-CF %Bx 37 0.51 <0.01 0.33  <0.01
Neutrophil Elastase 26 0.06  0.77 0.14  0.49
MPO 25 0.25 0.23 0.57 <0.01
Percentage Neutrophil* 37 0.04  0.79 0.42 <0.01
ICOSLG 26 0.48 0.01 0.53  <0.01
IL-8 26 0.32 0.11 0.44 0.02
HGF 26 0.39 0.05 0.39 0.05

more than average increase in bronchiectasis when either neutrophil%,
ICOSLG, IL-8, or HGF were above certain cut-off levels. Furthermore, we
found that MPO, neutrophil%, and ICOSLG, IL-8 and HGF correlated
positively with A%Bx and ICOSLG and HGF with A%Dis.

The results show the involvement of several inflammatory processes,
which are already present in an early stage of CF lung disease and are a
prelude to the development of bronchiectasis. Apart from neutrophilic
inflammation, reflected by the increased levels of IL-8, MPO and
neutrophil%, there are signs of T-cell activation (ICOSLG), as well as
tissue repair and macrophage anti-inflammatory signaling (HGF)
[14-16]. Assessment of markers of airway inflammation in early life can
help to identify those who are more at risk for developing
bronchiectasis.

IL-8 was found to have the best properties as predictive marker for
bronchiectasis, in terms of sensitivity and specificity in this cohort. The
correlation between IL-8 and structural lung damage has been shown
previously in CF ([5,8]). Here we show that IL-8 levels in BALF also have
a predictive value in preschool children. IL-8 is released by neutrophils
and bronchial epithelial cells and acts as a neutrophil chemotactic and
activating factor. Increased levels of IL-8 have also been shown to pre-
dict pulmonary exacerbations in children with CF [17]. Therefore, IL-8
seems to be a good candidate to use in clinical practice.

Neutrophil% in BALF has been shown to be one out of five important
factors in a prediction model for development of bronchiectasis at the
age of 3 years in the AREST-CF cohort [18]. Here we confirm that an
increased neutrophil% in BALF itself is important for progression or
development of bronchiectasis in the subsequent 2 years. This may be
explained by excretion of cytokines and proteases such as NE by neu-
trophils in a state of hyperexocytosis, as shown in a previous study [8].
Continued neutrophilic inflammation causes tissue damage in the long
term [8].

NE activity was not predictive of an increase in %Dis and %Bx. Although
it has been shown that preschool children with NE activity above a
detection threshold at the age of 3 months had almost four times higher
odds of having bronchiectasis at the age of 3 yrs [3]. These divergent
findings may be due to the fact that we used a different assay to detect
NE activity, which is more sensitive. In the AREST-CF study, NE was
used as a dichotomous parameter with all levels above a 200 ng/ml
threshold being considered positive, but in our study, we measured the
levels of NE in a continuous scale, where the lowest detectable level was
0.4 mU/mL (0.14 ng/ml). All samples used in our study had detectable
levels of NE. The difference observed could also be due to our smaller
sample size and the difference in age of collection of BALF. The
importance of NE in development of lung damage in CF has been shown
in other studies as well [19-21].

Interestingly, we found that another neutrophil effector protein,
MPO, is a possible candidate for predicting A%Bx (but not A%Dis). MPO
is also released by neutrophils from the same granules as NE [22] and is
present in large amounts in the airways of children with CF [23-25]. Not
only is MPO higher in children with CF compared to non-CF children
[23-25], but MPO also correlates with pulmonary symptoms and lung
function in older children with CF [24,26]. In addition, people with CF
with high MPO have more structural lung disease as [5] measured by
chest CT [4,23]. In our study, relatively high levels of MPO correlated
with development and progression of bronchiectasis in the following
two years, but the sensitivity and specificity for its predictive value for
an increase in bronchiectasis were found to be lower than those for
ICOSLG, IL-8, and HGF. The same was true for neutrophil%, but not for
NE activity.

We previously showed enhanced BALF lipid peroxidation, lysolipid
and sphingosine levels are correlated with neutrophil%, NE and MPO
[5]. We observed a significant correlation between the lipid markers and
progression of %Dis, but not with %Bx. This study confirms in a larger
cohort that presence of early inflammation is important for the risk to
development of bronchiectasis. Recently IL-8, NE and neutrophil % in
BAL have been shown to predict pulmonary exacerbation in children
adding yet another dimension to inflammatory markers as monitoring
tool [17]. In the COMBAT CF study in preschool children, azithromycin
showed decrease in IL-8, NE, number of pulmonary exacerbation, IV
antibiotics and inhaled antibiotic treatments compared to placebo.
However, they did not see a difference in %Dis and %Bx [27]. Despite
evidence for the predictive value of these markers they are not routinely
measured in clinical practice. This is due to the fact that bronchoscopy is
not a routine examination in most clinics, and is not frequently done
because of the invasive character. Our explorative study provides us
with potential targets for new clinical laboratory test to measure the
degree of inflammation. More research into these markers is needed to
acquire data past the age of 5. Also further research is needed to
compare the markers with healthy subjects, although this is quite
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Fig. 1. ROC curve analysis of inflammatory markers with a 0.5 % increase in percent bronchiectasis. Receiver Operating Characteristics (ROC) curve were analysed, and
the optimal threshold for optimal Youdens Index was determined. Bronchiectasis of > 0.5% in 2 years was categorized as progressive bronchiectasis. The cut-off,
sensitivity, specificity and area under the curve (AUC) are shown for NE (A), MPO (B), neutrophil%% (C), ICOSLG (D), IL-8 (E) and HGF (F).

difficult material to achieve for this age group.

Non-invasive methods of monitoring markers of inflammation in
infants with CF should be explored. The current era of CFTR modulators
will change the course of CF lung disease. Although lung function and
exacerbation rate may be improved, there are conflicting data on the
level of improvement of lung inflammation. While some clinical studies
of CFTR modulators show no significant change in inflammatory
markers in sputum, whereas others show beneficial effects on inflam-
mation [28-31]. Recent in vitro studies show that current CFTR modu-
lators do not antagonize the up-regulation of CF airway epithelial
cytokine production, as IL-8, resulting from exposure to the infectious
and inflammatory CF airway milieu and, thus, do not exhibit
anti-inflammatory properties [32]. Another study in young children
showed that there was no significant difference in NE positivity, IL-8, or
absolute neutrophil count in BAL in the years before or in the year after
initiation of ivacaftor [33]. With the introduction of highly effective
modulators such as elexacaftor/tezcaftor/ivacaftor the issue of inflam-
mation may seem to be not important anymore. However, studies have
shown, that although inflammation does decrease, there are still several
inflammatory markers that do not improve [34,35]. Furthermore, in
most countries young children with CF below 2 years of age, CFTR
modulators cannot be started yet. Therefore, inflammation is still rele-
vant to monitor in CF.

There are several limitations to this study. First, the cohort had a
relatively small sample size, which included children diagnosed with CF
in the Rotterdam CF center over a time span of 5 years. This emphasizes
the need for similar data from additional CF centers to provide cross-
validation. No multivariate analysis or compound analysis was per-
formed because of the small sample size. Due to the small sample size we
also did not correct for multiple testing because of the explorative nature

of the study. Second, this study used free-breathing CT scans instead of
pressure controlled CT scans. While motion artifacts may be a concern
with free-breathing, this was not an issue in our chest CT scans as an
ultra-fast scanner was used. This allows to make high quality chest CT’s
without anaesthesia. Oudraad et al showed that no significant differ-
ences where seen in %Bx and %Dis when comparing functional residual
capacity (FRC) free breathing CT scans with FRC pressure controlled CT
scans [36]. Lastly, the relatively short time interval of 2 years between
study visits could cause changes in %Dis and %Bx to be rather small and
variable, complicating the search for relevant biological correlations
[37]. The findings of our study are in line with what was found in
another cohort in our hospital showing that an increase of 1% in %Dis at
the preschool age (2-6 yrs), resulted in an increase of 1.18% (p<0.001)
in %Bx at school age (>7 yrs). In both study we see the %Dis and %Bx
skewed to the right and the differences become bigger between patients
further emphasizing the important of early markers [38]. Still, having
predictive markers for a short-term worsening of CF lung disease may
also increase the chance to be able to change the course of the disease.

Despite these limitations, we found several markers to be strong and
significant predictors of development and progression of structural lung
disease over 2 years in this cohort of CF preschool children. The current
study helps improve our understanding of CF lung disease in young
children, specifically in relation to inflammatory biomarkers in BALF.
Neutrophil activity, T-cell and macrophage function are important in the
early stages of CF lung disease. Overall, we have shown that increased
levels of IL-8, ICOSLG, and HGF in young children have good sensitivity
and reasonable specificity in identifying those at risk for the develop-
ment and progression of bronchiectasis.
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Fig. 2. Comparison of BALF inflammatory markers among children with CF above or below 0.5% increase in bronchiectasis over two years. Boxplot figures showing to
demonstrate the difference between the stable group (< 0,5% increase in %Bx) and the progressor group (>0,5 % increase in Bx group) for NE (A), MPO (B),
neutrophil% (C), ICOSLG (D), IL-8 (E) and HGF (F). The dotted line represents the cut-off point calculated in the ROC curve analysis shown in Fig. 1 and Suppl.
Table 5. The odds ratio, 95% Conficence interval (CI), p-value were obtained from logistic regression with the marker dichotomized at the cut-off point indicated by
the horizontal dashed lines. We reported the sample size (N). Not significant differences are reported as ns.
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