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Objective: To evaluate the role of visual and quantitative chest CT parameters in assessing treatment response in patients with
severe asthma.

Materials and Methods: Korean participants enrolled in a prospective multicenter study, named the Precision Medicine
Intervention in Severe Asthma study, from May 2020 to August 2021, underwent baseline and follow-up chest CT scans
(inspiration/expiration) 10-12 months apart, before and after biologic treatment. Two radiologists scored bronchiectasis
severity and mucus plugging extent. Quantitative parameters were obtained from each (T scan as follows: normal lung area
(normal), air trapping without emphysema (AT without emph), air trapping with emphysema (AT with emph), and airway (total
branch count, Pi10). Clinical parameters, including pulmonary function tests (forced expiratory volume in 1 s [FEV1] and FEV1/
forced vital capacity [FVC]), sputum and blood eosinophil count, were assessed at initial and follow-up stages. Changes in CT
parameters were correlated with changes in clinical parameters using Pearson or Spearman correlation.

Results: Thirty-four participants (female:male, 20:14; median age, 50.5 years) diagnosed with severe asthma from three centers
were included. Changes in the bronchiectasis and mucus plugging extent scores were negatively correlated with changes in FEV1
and FEV1/FVC (p = from -0.544 to -0.368, all P < 0.05). Changes in quantitative CT parameters were correlated with changes in
FEV1 (normal, r = 0.373 [P = 0.030], AT without emph, r = -0.351 [P = 0.042]), FEV1/FVC (normal, r = 0.390 [P = 0.022], AT
without emph, r=-0.370 [P = 0.031]). Changes in total branch count were positively correlated with changes in FEV1 (r = 0.349
[P =0.043]). There was no correlation between changes in Pi10 and the clinical parameters (P > 0.05).

Conclusion: Visual and quantitative CT parameters of normal, AT without emph, and total branch count may be effective for
evaluating treatment response in patients with severe asthma.
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INTRODUCTION

Severe asthma treatment consists of high-dose inhaled
corticosteroids, along with a second controller to manage
symptoms. Nevertheless, this condition can be persistent
and uncontrolled despite the use of these medications [1].
Severe asthma accounts for 3%-5% of cases of asthma, with
individuals often presenting daily symptoms and multiple
exacerbations each year, requiring substantial corticosteroid
treatment [2,3]. Recent advancements in understanding
of asthma pathophysiology have led to the development
of biologic therapies that target type 2 (T2) inflammatory
pathways, resulting in a paradigm shift in the treatment of
severe asthma [4-6].

Eosinophilic airway inflammation, mucus plugging, goblet
cell hyperplasia, smooth muscle hypertrophy, and remodeling
of the airway wall constitute important pathophysiologic
features in T2-high asthma phenotype [7]. Notably, mucus
plugging can be observed in persistent eosinophilic
asthma, and it is a plausible mechanism of chronic airflow
obstruction in severe asthma [8,9].

Recently, quantitative chest CT studies have been
conducted in patients with asthma to explore the pulmonary
structure-function correlation [10,11]. Mucus plugging was
predominantly observed in subsegmental airways, whereas
the number of lung segments with mucus plugs on chest
CT was correlated with ventilation defect and reduced lung
function in patients with asthma [8]. Eddy et al. [12]
studied the total airway count in patients with asthma and
observed an increase in the number of missing airways on
CT corresponding to a decrease in forced expiratory volume
in 1s (FEV1).

A recent study by McIntosh et al. [13] demonstrated
that 'Xe ventilation significantly improved after a single
dose of benralizumab in nine patients with severe asthma
presenting five or more mucus plugs. Based on this finding,
we hypothesized that changes in CT mucus plugging
and quantitative CT parameters after treatment may be
associated with improved lung function. Therefore, visual
and quantitative CT parameters could serve as indicators
of treatment response in patients with severe asthma.
However, CT analysis before and after treatment for severe
asthma remains unexplored. Therefore, this study aimed
to assess whether visual and quantitative CT parameters
could be correlated with changes in clinical parameters,
including pulmonary function, following biologic treatment.
Additionally, we examined the correlation between changes
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in CT mucus plugging and changes in CT quantitative
analysis.

MATERIALS AND METHODS

Study Design and Participants

Our study included consecutive Korean participants who
were enrolled in the Precision Medicine Intervention in
Severe Asthma (PRISM) cohort from May 2020 to August
2021 and underwent chest CT scans before and after
therapy for asthma with biologic agents. The PRISM is a
prospective, observational, multicenter study including
patients with severe asthma. The Institutional Review Board
of the participating centers approved the study, and all
patients completed a written informed consent form (IRB
No. 2019-1676). The study enrolled patients with asthma
aged 18-80 years who were diagnosed with severe asthma
according to the 2014 American Thoracic Society/European
Respiratory Society guidelines II [14]. Patients assessment
was performed by respiratory experts. Exclusion criteria
were a history of previous administration of other biological
agents within 3 months prior to study registration, acute
exacerbation requiring the use of systemic steroids, clinically
serious respiratory diseases other than severe asthma,
concurrent hypereosinophilic syndrome, and difficulty
in evaluating asthma alone due to severe respiratory
disease. The study design of the PRISM is presented
in Supplementary Figure 1. During the initial 4-month
period, demographic and clinical information and history
of asthma was collected, and participants were screened
based on the results of blood tests, sputum analysis and
fractional exhaled nitric oxide levels and were assigned
different phenotypes of asthma. Patients with severe
asthma characterized by the T2 inflammation phenotype
were eligible for biologic agents, including mepolizumab,
reslizumab, benralizumab, dupilumab, or omalizumab.
However, those who did not present this phenotype or those
who preferred to continue conventional treatment were
administered the standard-of-care treatment for asthma.
Chest CT scans were performed at baseline and follow-up, at
a 10-12 month interval. Additionally, clinical parameters,
including pulmonary function tests, blood eosinophil counts,
induced sputum analysis, and asthma control test scores [15],
were assessed during these periods. Details regarding the
study protocol are published elsewhere [16].
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Protocols and Visual Analysis of Chest CT

Patients underwent a non-contrast chest CT scan in the
supine position, at full inspiration and expiration, using
CT systems from three different vendors at each center
(Definition AS, Definition Flash, Siemens Healthcare,
Forchheium, Germany; Revolution GE, GE Healthcare,
Milwaukee, WI, USA). All parameters used were the same
for both the inspiration and expiration scans, which were as
follows: 120 kV; 100 effective mAs without dose modulation;
pitch, 1; collimation, 0.6; kernel, B30f or standard; slice
thickness and reconstruction interval, 0.6 or 0.625/0.5 mm.

Two thoracic radiologists, M.J.L. and H.J.H., with 1 and
14 years of experience in chest imaging, respectively,
independently assessed bronchiectasis and mucus plugging
extent scores using the Modified Bhalla scoring system
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[17,18]. This evaluation was performed on both the initial
and follow-up chest CT scans. Radiologists were blinded to
information such as the types of drugs administered and
clinical parameters, as well as quantitative CT parameters.
The Modified Bhalla scoring system was used to evaluate
the severity and extent of bronchiectasis, mucus plugging,
and mosaic perfusion on inspiration CT (Supplementary
Table 1). For example, the extent of mucus plugging was
based on the number of affected bronchopulmonary segments.
In this calculation, if more than one distal subsegmental
bronchus was involved, the count of affected segmental
bronchi was considered as 1, regardless of whether mucus
plugging was observed in the proximal segmental bronchus.
The mucus plugging scoring criteria were defined as follows:
a score of 0 points for absence, 1 for involvement of 1-5

EAtC - fAT 57 %
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fAT (%)

fAT w/

Parenchymal Axis (HU on inspiration CT)

Air Trapping Axis
(HU, subtraction value of co-registered CT)
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F® Normal |l fATwjo Emphysema [l fAT w/ Emphysema

Fig. 1. An example of emphysema and AT composite. A-F: Axial (A) and coronal (B) chest CT images of a patient with asthma are
shown. Axial (C) and coronal (D) images with an overlay of the density mask (shown in different colors, indicating areas of AT without
emphysema, AT with emphysema, emphysema without AT, and normal), allowing a robust assessment of AT. The results of the analysis (E)
provide the percentage volume (relative to the total lung volume) of the aforementioned four areas. The EAtC map (F) displays various
colors corresponding to different voxel volumes (indicated by the color bar), correlating with the Hounsfield units of inspiration on

the y-axis and the subtraction value of co-registered image on the x-axis. fAT = functional air trapping, EAtC = emphysema air-trapping

composite
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segments, 2 points for involvement of 6-9 segments, and

3 points for involvement of over 9 segments. We used both
the total Modified Bhalla (bronchiectasis scores) and mucus
plugging extent scores for the analysis.

Quantitative CT Analysis: Air Trapping and Airways
Quantitative CT analysis was performed regarding air

trapping (AT) and airways using an automatic segmentation

software (Aview; Coreline Soft, Seoul, South Korea).

For AT analysis, inspiration and expiration CT images

were registered using a non-rigid method [19]. Lung

segmentation was performed for emphysema AT composite

mapping, classifying the lung parenchyma into three

lung areas: areas with functional AT (fAT), areas with

emphysema (emph), areas with normal lung parenchyma

(normal) (Fig. 1). Emphysema was defined as lung areas

with CT attenuation values < -950 Hounsfield unit (HU)

during inspiration in the entire lung. fAT was defined

as lung areas with a density change < 60 HU between

the inspiration and registered expiration CT scans [20]

in the lung parenchyma, exhibiting a density < -856 HU

on the inspiration CT scan. This 60-HU threshold for the

EALC - 1AT 6 %
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quantification of AT was determined based on correlations
with pulmonary function parameters in a previous study [20].
fAT area was divided into AT without emphysema (AT without
emph), AT with emphysema (AT with emph), according to
-950 HU at inspiration. The remaining lung area was defined
as normal [21]. For airway analysis, the wall area percentage,
standardized airway wall thickness (Pi10 mm), and total
branch count were calculated. The integral-based half-band
method was used to measure peripheral airway dimensions
[22]. The total branch count was calculated by summing

the number of bronchi, considering the area between the
start of one branch and the beginning of the next branch as
one bronchial count (Figs. 2, 3). All quantitative parameters
were measured by radiological technicians with 3-6 years

of experience in image analysis and post-processing using a
software.

Statistical Analysis

Data normality was assessed using the Shapiro-Wilk test,
and nonparametric tests were performed when the data did
not exhibit a normal distribution. The intraclass correlation
coefficient (ICC) was calculated to evaluate the agreement of

EARC-1AT 25 %

Fig. 2. Clinical data from a patient with improvement in AT and total branch count on quantitative CT analysis. A: Diffuse bronchial wall
thickening with mucus plugging in both lower lungs on an initial chest CT of a 61-year-old female. B: Follow-up chest CT performed 1
year later reveals improvement in mucus plugging and bronchial wall thickening. C, D: The percentage of the area of fAT is reduced from
25.0% to 6.0% after treatment. E, F: The total bronchial count is increased from 587 to 704. This patient also shows improved lung
function with an increase in FEV1 (% predicted) from 80% to 98% and an increase in FEV1/FVC from 0.71 to 0.73. fAT = functional air
trapping, FEV1 = forced expiratory volume in 1 s, FVC = forced vital capacity, EAtC = emphysema air-trapping composite
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EAIC-TAT 165%

Fig. 3. Clinical data from a patient with chest CT parameter improvement limited to the total branch count on quantitative CT analysis.
A: A 58-year-old male presenting diffuse bronchial wall thickening with mucus-plugging in both lower lobes on the initial CT. B: Follow-up
chest CT 1 year later reveals improvement of mucus plugging. C, D: Percentage of the area of fAT without significant improvement, remains
at 18% to 19%. E, F: Pi10 improvement is absent, ranging from 3.3 to 3.4 (not shown), whereas the total branch count has increased
from 530 to 733. fAT = functional air trapping, EAtC = emphysema air-trapping composite

the decision between the two radiologists (reader 1 [R1] and
reader 2 [R2]) on the visual assessment of the bronchiectasis
and mucus plugging extent scores. The median visual,
quantitative CT, and clinical parameters at baseline were
compared with those at follow-up using a Wilcoxon signed
rank test. Correlations between visual and quantitative

CT parameters on the initial chest CT were assessed using
Spearman correlation method. Visual and quantitative CT
parameters from the initial chest CT were correlated with
clinical parameters, including pulmonary function tests (FEV1
and FEV1/forced vital capacity [FVC]), sputum eosinophil
and neutrophil counts, and blood eosinophil counts, using
Pearson or Spearman correlation. Additionally, changes

(A) in visual and quantitative CT parameters before and

after treatment were correlated with changes in clinical
parameters and changes in the mucus plugging extent
scores were correlated with changes in quantitative CT
parameters using Pearson or Spearman correlation. Changes
in visual, quantitative CT, and clinical parameters were
defined as the differences between follow-up and initial
data [23]. P values < 0.05 indicated statistical significance.
Statistical analyses were performed using commercial
software ver. 21 (IBM Corp., Armonk, NY, USA) and R (version

kjronline.org https://doi.org/10.3348/kjr.2024.0110

4.2.2; The R Foundation for Statistical Computing; https://
cran.r-project.org/bin/windows/base/old/4.2.2).

RESULTS

Characteristics of Participants

The final sample, comprising 34 patients from three
centers, was analyzed (Fig. 4). Out of the 182 participants
enrolled in the PRISM between May 2020 and August 2021,
67 underwent initial chest CT scans. Among them, follow-
up chest CT scans were not performed in 25 due to the early
termination of the study, whereas 8 patients were excluded
due to technical issues related to the acquisition and/or
analysis of CT images. The participant characteristics are
detailed in Table 1.

Table 2 shows the clinical and CT parameters from the
initial and follow-up chest CT and their changes (A).
The FEV1 and FEV1/FVC increased significantly following
treatment, and the asthma control test scores significantly
increased after treatment, from 18.0 to 22.5 points. All
median values of visual and quantitative CT parameters,
except for emphysema without AT, presented significant
improvement after treatment (all P < 0.05). The ICC
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PRISM participants
from May 2020 to August 2021
(n=182)

Did not undergo initial
chest CT (n = 115)

Y

Initial chest CT
(n=167)

Did not undergo follow-up
chest CT (n = 25)

A4

Unable to perform quantitative
Y CT analysis (n = 8)

Initial and follow-up chest CT
(n=34)

Fig. 4. Flowchart depicting the process of inclusion of the
participants. PRISM = Precision Medicine Intervention in Severe
Asthma

Table 1. Baseline characteristics

Characteristics Value

Age, yr 50.5 (42.3, 62.0)
Sex, female 20 (58.8)
BMI, kg/m’ 24.0 (21.8, 27.1)
Smoking

None 12 (35.3)

Ex-smoker 19 (55.9)

Current smoker 3(8.8)
Duration of asthma, yr 9.5 (5.0, 18.5)
History of biologic treatment* 11 (32.4)
Treatment of asthma

Biologic treatment! 28 (82.4)

Conventional treatment 6 (17.6)

Data are presented as median with interquartile range or numbers
with percentage in parentheses.

*Indicates prior use of biologic agents with a discontinuation
period of at least 3 months before study enrollment, 'Indicates
treatment during the study period and includes omalizumab (n = 1),
mepolizumab (n = 9), reslizumab (n = 15), dupilumab (n = 3).

BMI = body mass index

denoting the agreement on the bronchiectasis and mucus
plugging extent scores was 0.808 (95% confidence interval
[CI], 0.616-0.904) and 0.937 (95% (I, 0.874-0.969),
respectively. The distribution of the mucus plugging extent
scores by the smoking status of the participants is presented
in Supplementary Figure 2.

Correlation between Visual and Quantitative CT Parameters
Supplementary Table 2 shows the correlation between
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visual and CT quantitative analysis on the initial chest CT.
The bronchiectasis scores and mucus plugging extent scores
showed similar correlation with CT parameters; both were
negatively correlated with the normal lung area (p: from
-0.683 to -0.516, all P < 0.05) and positively correlated with
AT without emph (p: from 0.500 to 0.685, P < 0.05) and AT
with emph (p: from 0.563 to 0.672, P < 0.001). Regarding
airway analysis, only the mucus plugging extent scores

were negatively correlated with total branch count (R1: p =
-0.537, P =0.001; R2: p = -0.587, P < 0.001).

Correlation of Visual and Quantitative CT Parameters
with Clinical Parameters

The associations between visual and quantitative
parameters from the initial CT with clinical parameters,
including pulmonary function tests (FEV1, FEV1/FVC),
sputum eosinophil and neutrophil counts, and blood
eosinophil counts, are presented in Table 3. The mucus
plugging extent scores showed a stronger correlation with
clinical parameters, compared with the bronchiectasis
scores. Specifically, the mucus plugging extent scores
demonstrated significant negative correlations with FEV1
(R1: p =-0.392, P = 0.022; R2: p = -0.427, P = 0.012) and
FEV1/FVC (R1: p =-0.521, P = 0.002; R2: p =-0.538, P =
0.001) and positive correlations with sputum eosinophil
count (R1: p = 0.566; R2: p = 0.551, all P = 0.001).

Quantitative CT parameters of AT, normal lung area, AT
without emph, and AT with emph were correlated with
pulmonary function tests, with the strongest correlation
observed with FEV1/FVC (normal: r = 0.803, AT without
emph: r=-0.760, AT with emph =-0.684, all P < 0.001).
Total branch count, Pi10, and wall area were correlated with
pulmonary function tests. The total branch count was also
correlated with sputum neutrophil (r = 0.435, P = 0.013)
and blood eosinophil counts (r = -0.354, P = 0.040).

Correlation of Changes in Visual and Quantitative CT
Parameters with Changes in Clinical Parameters

Changes in the bronchiectasis scores and mucus plugging
extent scores were negatively correlated with changes in
FEV1 and FEV1/FVC (p: from -0.544 to -0.368, P < 0.05),
except the correlation between the bronchiectasis score (R1)
and FEV1/FVC (Table 4).

Among the quantitative CT parameters of AT, changes in
normal lung area were positively correlated with changes
in FEV1 (r=0.373, P =0.030) and FEV1/FVC (r = 0.390,
P =0.022). Changes in AT without emph were negatively

https://doi.org/10.3348/kjr.2024.0110 kjronline.org
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Table 2. Results of clinical parameters and chest CT analysis
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Clinical and quantitative

Initial
CT parameters b

Changes (A) between

Follow-
ouow-tp follow-up and initial data

Clinical parameters
Pulmonary function*
FEV1, % predicted
FEV1/FVC
FeNO, ppb
Blood eosinophils, %
Sputum eosinophils, %
Sputum neutrophil, %
Asthma control test score
Visual CT scores
Bronchiectasis, R1
Bronchiectasis, R2

65.5 (58.0, 77.3)
0.7 (0.6, 0.8)
56.5 (25.0, 90.3)
9.0 (2.5, 11.4)
5.5 (0.0, 31.3)
75.0 (48.0, 92.0)
18.0 (12.0, 20.0)

8.0 (4.0, 12.0)
5.8 (10.0, 12.3)

Mucus plugging extent, R1 2.0 (1.0, 3.0)
Non-smoker 2.0 (1.0, 3.0)
Ever-smoker 2.0 (0.8, 3.0)

Mucus plugging extent, R2 2.0 (1.0, 3.0)
Non-smoker 3.0 (1.0, 3.0)
Ever-smoker 2.0 (1.8, 3.0)

Quantitative CT parameters
Air trapping
Normal lung area, %
Air trapping without emphysema, %
Air trapping with emphysema, %
Emphysema without air trapping, %
Airway

81.4 (61.9, 93.8)
16.6 (4.6, 30.6)
0.3 (0.1, 2.5)
1.8 (0.5, 2.9)

Total branch count
Pi10, mm
Wall area, %

481.0 (380.0, 589.0)
4.2 (3.6, 4.8)
62.0 (57.6, 69.8)

76.5 (66.8, 87.3) 9.0 (3.0, 21.0) <0.001
0.7 (0.6, 0.8) 0.1 (0.0, 0.1) 0.002
34.5 (20.0, 67.5) -8.0 (-34.0, 4.5) 0.024
0.8 (0.5, 2.1) -6.2 (-10.1, -0.6) <0.001
1.0 (0.0, 20.8) -0.5 (-33.5, 12.3) 0.219
62.5 (10.5, 95.0) -2.5 (-44.0, 37.8) 0.641
22.5 (19.0, 24.0) 3.0 (0.0, 8.0) <0.001
6.0 (3.0, 10.0) -1.0 (-3.0, 0.0) <0.001
4.5 (8.0, 11.0) -2.0 (-1.0, 0.0) 0.001
0.0 (1.0, 2.0) -2.0 (-1.0, 0.0) <0.001
0.5 (0.0, 1.0) -1.0 (-2.0, 0.0) 0.016
1.0 (0.0, 1.0) -1.0 (-2.0, 0.0) 0.002
0.0 (1.0, 2.0) -0.5 (-1.0, 0.0) 0.001
1.0 (0.3, 2.0) -0.5 (-1.8, 0.0) 0.026
1.0 (0.0, 3.0) -0.5 (-1.0, 0.0) 0.018
87.1(78.2, 95.5) 3.9 (0.8, 15.0) 0.001
9.2 (4.2, 17.8) -2.7 (-15.2, -0.7) <0.001
0.3 (0.1, 1.1) -0.1 (-0.9, 0.1) 0.021
1.5 (0.6, 4.7) 0.3 (-1.1, 1.8) 0.242
541.0 (432.0, 696.5) 59.5 (-22.8, 103.8) 0.007
3.76 (3.5, 4.3) -0.2 (-0.6, 0.1) 0.014
59.4 (55.7, 65.7) 1.7 (-7.1, 2.2) 0.041

Data are presented as median with interquartile range in parentheses.

*Indicates value before bronchodilator.

FEV1 = forced expiratory volume in 1 s, FVC = forced vital capacity, FeNO = fractional exhaled nitric oxide, R1 = reader 1, R2 = reader 2

correlated with FEV1 (p = -0.351, P = 0.042) and FEV1/FVC
(p =-0.370, P =0.031). Regarding the airway, only the
change in total branch count showed a significant positive
correlation with the change in FEV1 (r = 0.349, P = 0.043),
whereas Pi10 did not show any correlation with any clinical
parameter (all P > 0.05).

When assessing the correlation between changes in the
mucus plugging extent scores and changes in quantitative CT
measures, the following correlations were observed: normal
lung area (R1: p =-0.661 P < 0.001; R2: p = -0.389 P = 0.023),
AT without emph (R1: p = 0.659, P < 0.001; R2: p = 0.425,

P =0.012), AT with emph (R1: p=0.683, P < 0.001; R2: p =
0.407, P=0.017), and total branch count (R1: p = -0.481,
P =0.004; R2: p = -0.415, P = 0.015) (Supplementary Fig. 3).

kjronline.org https://doi.org/10.3348/kjr.2024.0110

DISCUSSION

This study showed that changes in visual and quantitative
CT parameters of AT and total branch count are correlated
with improved pulmonary function tests. In addition,
improved mucus plugging extent presented a good
correlation with ameliorated quantitative CT parameters.
These results suggest the potential role of quantitative CT
analysis in assessing the functional response after hiologic
treatment in patients with severe asthma.

Among patients with severe asthma, those with mucus
plugging had worse lung function, more frequent severe
exacerbations, and higher T2 biomarkers than did those
without [9]. Tang et al. [24] demonstrated that in the
analysis of initial CT and follow-up CT after 3 years, changes
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in the mucus plugging scores were associated with changes
in lung function and CT AT parameters. We observed similar
results in our study, with the changes in the mucus plugging
extent scores showing a correlation with the changes in CT
parameters of AT and pulmonary function tests. This finding
suggests that improved mucus plugging plays an important
role in mechanisms of treatment-related changes. Therefore,
evaluation of mucus plugging extent with chest CT is
important for making an appropriate treatment choice, such
as a mucoactive drug or biologic medication, rather than
conventional treatment in this phenotype of asthma.

In our study, visual assessment was performed separately
for R1 and R2 rather than using a consensus result, because
we aimed to demonstrate how each result correlates
differently with the CT quantitative analysis. Although the
correlation coefficients varied between the readers, the
mucus plugging extent scores assessed by both R1 and R2
exhibited similar correlations with clinical parameters. To
confirm these results, further studies employing quantitative
parameters of bronchiectasis severity and mucus plugging
extent are needed.

Total airway count correlates with respiratory function in
chronic obstructive pulmonary disease [25,26], and a few
recent studies reported total airway count in asthma. Eddy
et al. [12] demonstrated that the total airway count was
reduced in advanced stage of asthma, which was related
to airway wall thickness and lumen area. Additionally, this
count was moderately related to FEV1. Another study showed
that the total airway count significantly increased after
treatment with benralizumab in 11 patients with severe
eosinophilic asthma [27]. We also observed that the mean
total branch count increased from 480.0 + 164.6 to 540.2 +
178.0 after treatment, and these changes were correlated with
improved FEV1. The reduced number of airways may occur due
to airway wall thickening and obstruction by mucus plugging
[12], and it may be associated with the susceptibility or
pathogenesis of severe asthma. Our results further support the
idea that total airway count could be used to assess treatment
response in patients with severe asthma.

According to findings from our study, Pi10 was not a
useful parameter for the assessment of treatment response,
although it was correlated with initial pulmonary function
parameters. It is postulated that in the bronchial analysis on
the initial chest CT using the software, airways obstructed by
mucus were excluded from the analysis for Pi10 assessment.
However, as mucus plugging was associated with severe
airway thickening, excluding these bronchi may have led
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to an underestimation of the initial Pi10 value. This is
considered a limitation inherent to the current CT analysis.
Therefore, a method that reflects bronchi obstructed

by mucus needs to be developed for Pi10 calculation.
Tsubokawa et al. [27] found an additional reason explaining
the lack of correlation between Pi10 and baseline pulmonary
function parameters. They observed that bronchial wall
thickening did not significantly improve except for the third
and sixth generation bronchi following biologic treatment in
severe eosinophilic asthma. Findings of this study suggested
that the partial improvement in the airways may be primarily
attributed to the clearing of mucus rather than changes in
the bronchial wall itself.

In a previous study, 57% of smokers exhibited mucus
plugging on CT [28]. In our study, 3 patients were current
smokers, and 19 were ex-smokers. Although we could not
differentiate mucus plugging related to smoking and asthma,
the initial mucus plugging extent scores did not significantly
vary based on smoking status. Additionally, as the smoking
status remained unchanged between the initial and follow-
up periods, we hypothesized that alterations in mucus
plugging post-treatment could primarily be attributed to
treatment response rather than being an effect of smoking.

This study has some limitations. First, the sample size
was small; thus the findings can be potentially affected by
a selection bias. Further research is required to validate the
clinical reliability of CT analysis. Second, although most
of the patients in our study received biologic treatment,
we also included six patients treated with conventional
medication in the analysis. Subsequently, our goal was to
collect additional data and analyze treatment responses
based on biologic medication. Third, we could not evaluate
quantitative parameters of mucus plugging extent itself,
and further study using this measurement would be needed
for objective evaluation. Lastly, we could not perform a
location-specific correlation between visual and quantitative
CT parameters.

In conclusion, visual and quantitative CT analysis of AT
and total branch count could represent an effective method
for evaluating treatment response in patients with severe
asthma. Additionally, we demonstrated that mucus plugging
extent is an important factor related to the post-treatment
changes in quantitative CT parameters.
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The Supplement is available with this article at
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