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Capsule summary
Serum CCSP level was independently related to samallay hyperresponsiveness, measured by the
slope of air-trapping progression measured usingl@asthmatic patients, this blood biomarker may

identify small airways involvement.
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To the editor,

Poor asthma control and recurrent exacerbationg HBeen shown to be a phenotypic
counterpart of asthma with predominantly small ayvinvolvement (1). Biomarkers are not always
accurate in asthma, especially in the serum, sinogpartmentalization may occur between blood and
airways. Blood eosinophil counts do not represart\agerall view of airway inflammation and exhaled
nitric oxide measurements at different flow ratésattionated Exhaled Nitric Oxide (k& and
Alveolar NO (Caly)) have been developed and validated to reflectenamcurately proximal and
distal airway inflammation (2). CCSP serum leves lmeen shown to be associated with Chronic
Obstructive Pulmonary Disease, Bronchiolitis Olptitess Syndrome and sarcoidosis, which are all
predominantly diseases involving small airways. TRenges of CCSP concentrations in healthy
subjects, reproducibility, and the relationshigdA®en serum and airway levels are known and can
be used as a potential surrogate marker. Our aisntavassess small airway disease in asthma and to
find a related biomarker. We used a dynamic assa#sof gas trapping employing CT imaging of the
chest during methacholine challenge as a markemafl airway disease.

Thirty-two non-smoking asthmatic women treated W@l (GINA step 2-3) and known to
have methacholine hyperresponsiveness were inclédiepatients were asked to avoid taking control
medication of any kind for at least 72 hours actaydo guidelines. Prior to the bronchial provooati
test coupled with thoracic CT scan, JoEand Calyo concentrations were measured (HypairFeNO,
Medisoft, Sorinnes, Belgium). CCSP concentratiomsenmeasured in serum using an ELISA test
according to manufacturer’s instructions (validatadge of 80—4000 pg/ml, intra-assay coefficient of
variation 3.4%, inter-assay coefficient of variati.7%; Biovendor, Brno, Czech Republic).
Methacholine challenges were performed accordirntQecAmerican Thoracic Society guidelines with
the five-breath dosimeter method (ADD AerodosehwAtomisor NL11AD nebulizer, ©Atomisor,
CE 0459, Dir. Eur. 93/42/CEE) in the CT room, tteignt lying on the table in the supine position.
For each methacholine dose from baseline to PC&2¥@pative concentration causing a 20% fall in
FEV,), expiratory slices were acquired using a 64—deteow CT scanner (LightSpeed VCT; GE
Healthcare,Waukesha, USA). Expiratory acquisitibbwm small volumes of ten consecutive slices of
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1 mm each at standardized sites (first volume betwibe apices and the carina and second between
the carina and the diaphragm) were acquired td lmadiation (3). Each chest CT examination was
reconstructed using a standard filter and imagegse wacquired using spirometric gating
(WinspiroPRO; Medical International Research WabkesUSA) to monitor lung volumes and
determine respiratory endpoints. CT air trapping \waantified using expiratory to inspiratory ratios
of the mean lung density (E/l MLD) and airway wtilckness as a reflection of proximal airway
remodeling was assessed by computing the Pil0 i@exn order to quantify the progression of air
trapping during the course of the bronchial protiocatest, the Dose Response Slope (DRS) of E/I
MLD was computed, as (last MLD value — baseline Midbue) divided by methacholine dose. The
evolution of E/I MLD throughout the bronchial praation tests was analyzed using a mixed model
with an autoregressive covariance matrix in ordestudy the possible impact of the methacholine
dose on E/I MLD.

The thirty-two patients were 42 + 17 years oldhvatmean BMI of 28 + 9 kg/m?2 (48% obese, 72%
atopic). Mean and standard deviation baseline Fi¥te 81.34% + 11.70% of predicted values. All
patients were treated with ICS (daily dose 500§D and 72% were receiving a LABA through a
fixed combination device. All patients reached &02@all in FEV1, with a mean and standard
deviation PC20 of 615.79 ng/ml £ 551.02. E/I MLDgrficantly increased during bronchial
provocation. Univariate analyses highlighted aistiaglly significant relationship between E/I MLD
DRS and agepE0.007) as well as CCSP serum concentration (p49.80d FVC DRS (after log
transformation, p<0.001). The multivariate analygiswed a negative relationship between log (E/I
MLD DRS) and serum CCSP concentratigh cpefficient: -0.45; p<0.001), and the FVC DRSB (
coefficient 1.18; p<0.001) (Table 1). FVC changéthwmnethacholine have been associated with small
airway disease in the literature).(Noteworthy, exhaled biomarkers including CalvNO evanrelated

to E/l MLD DRS. We established a threshold usingR@urve analyses and verified diagnostic
performance of this biomarker in this context (figda). Boxplot representations of E/I MLD values
at baseline and PC20 for patients with low and higiod CCSP levels are displayed in figure 1b, the
cut-off value of CCSP levels having been statifiticdefined as the median of the distribution(4.3

ng/ml). Representative images of expiratory CT-sslanes acquired at baseline and PC20 in patients
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with low (a) and high (b) serum CCSP levels arewshfigure 1c and full acquisition can be seen
online.

This study was designed to improve dynamic asseagsofesmall airways in asthma. We tried to
better understanding the dynamics of small airwdgswe during bronchoconstriction, since
controversies exist about the sequence of eveatsléhds to asthma storms. In the present study,
radiation doses remained far below the threshotgidered at risk (3). In various studies, air tingp
and small airway involvement in asthma and in otbenditions were related to aging, obesity,
inflammation, mucus plugging and peribronchioldordisis. Other teams have identified the role of
pseudo-emphysema and loss of elastic recoil daedceased elastin content and performance. If we
assume that methacholine-induced bronchoconstricgiadue to direct smooth muscle constriction,
our findings probably apply to this mechanism ormgd adenosine or mannitol challenge may have
produced different results. Surprisingly, and camtrto previous studies the intensity of small ayw
dysfunction was unrelated to airway remodeling sss@ by Pil0, airway inflammation (assessed by
FENO and CalvNO) or the level of control but refest better by a specific small airway-related
biomarker represented by CCSP. We acknowledgethidindings are not a definitive demonstration.
Potentially, low CCSP levels are associated witomplete lung growth and a reduced small airway
numbers, as indicated by previous publications e/&ESP is called CC16 (6). Lower CCSP levels
may relate to damaged (unexplored by Pil0 indexjnflamed (but unexplored by FeNO and
CalvNO) small airways, which in turn might be maesponsive to methacholine and manifest as
more rapidly progressing air-trapping on CT (7). té&Neorthy, reference values for CCSP
concentrations in healthy controls (8) (mean and86.4 + 4.1 ng/ml) are higher than in our sulgect
(mean and SD of 5.1 + 2.2 ng/ml for the whole papah, 6.7 + 2.2 for high CCSP group, 3.5+ 0.5
for low CCSP group). Identifying a biomarker rethte small airways in asthma may have relevance
from several perspectives. We chose CCSP as atpdteiomarker since it fulfills most of the critar
required to be a candidate biomarker: easy to sassgzroducible, unaffected by steroids and relevan

to disease pathophysiology .



In conclusion, we have identified a potential blodidomarker relevant to small airway
hyperresponsiveness observed during dynamic CTigitqo in asthma. <Further studies of

sensitivity and specificity are needed using a lainal cohort to confirm clinical utility.

Sebastien Bommart and Grégory Marin, Nicolas Maiinaucie Knabe, Aurélie Petit, Pascal Chanez,

Anne Sophie Gamez, Catherine Devautour, Isabeltddigeand Arnaud Bourdin.
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TABLE AND FIGURE LEGENDS

Table 1 Relationship between log (E/I MLD DRS) and chihiend respiratory parameters. Variables

with p-values lower than 0.15 (bold) were considered for the multivariate analysis.

Figure 1 a) ROC curves and diagnostic performances of bloo&E €oncentrations to detect
intensive small airway impairment in asthma (udimg dose response slope of E/I MLD during
methacholine provocation). Area Under Curve = 00@07-1]; CCSP threshold = 4.30 ng/ml;
specificity = 0.87 [0.67-1]; sensitivity = 0.93 [09-1]; positive predictive values = 0.87 [0.69-1];
negative predictive value = 0.93 [0.79-1)) Boxplots representation of E/I MLD at baseline ahd

the PC20 in the subgroups of patients with highoar CCSP levels (above or below the threshold of
4.30 ng/mlc) CT-scan images at baseline (left) and at PC2h¢)iof a low and a high-CCSP

patient, showing variations of mean lung densitdssequential images can be seen as videos in the

“online” repository.



Table 1. Relationship between log (E/l MLD DRS) eliwical and respiratory parameters. Variables

with p-values lower than 0.15 (bold) were considered for the multivariate analysis.

Variables Univariate analyses Multivariate analysis
Y = log(E/l MLD DRS) — St —
Coefficient Error P-value Coefficient Std Error P-value
Age (y) -0.054 0.018 0.007
BMI (kg/m?) -0.031 0.041 0.449
ACQ6 -0.093 0.387 0.812
Baseline FEV1 (% predicted) -2.705 2.799 0.342
Baseline FVC (% predicted) -1.285 2.745 0.644
Baseline FEV1/FVC -0.081 0.045 0.086
FVC Fall at PC20 (%) -7.289 5.560 0.201
Log (FVC DRS) 1.237 0.221 <0.001 1.18409 0.15398 <0.001
FEno (ppb) 0.017 0.013 0.197
Corrected Calvno (ppb) 0.098 0.060 0.120
CCSP (ng/ml) -0.593 0.126 <0.001 -0.45119 0.07423 <0.001
Pi10 -0.208 0.285 0.472
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