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Abstract
Introduction: Benralizumab, an anti-interleukin-5 receptor 
chain monoclonal antibody, is used to treat severe asthma 
and control asthma symptoms or exacerbations. The aim of 
this study was to examine the changes in airway morpholo-
gy using computed tomography (CT) images in accordance 
with clinical efficacy following the administration of benrali-
zumab. Methods: The clinical efficacy of benralizumab was 
evaluated in 11 patients with severe asthma by analyzing the 
changes in parameters, such as the asthma control test, asth-
ma quality of life questionnaire, pulmonary function, and ex-
acerbation count. We also investigated the airway wall thick-
ness of the right bronchus (B1) and the total airway count 
(TAC) using CT images. Results: Most patients treated with 
benralizumab showed improvements in asthma symptoms 
and exacerbations. CT imaging analyses showed a decrease 

in the right B1 airway wall thickness and an increase in the 
TAC. Correlations between blood eosinophil count and 
changes in CT imaging were observed. Discussion/Conclu-
sion: The data suggested that benralizumab has the poten-
tial to improve airway wall thickening and ventilation by al-
leviating the obstruction and clearing an obstructed airway.

© 2022 S. Karger AG, Basel

Introduction

Asthma is an inflammatory disease characterized by 
the narrowing and thickening of the walls of the airways 
[1]. Wall thickening has been evaluated as a sign of airway 
remodeling and is speculated to be caused by chronic air-
way inflammation. Moreover, the levels of forced expira-
tory volume in 1 s (FEV1) and peak expiratory flow rate 
were used as indices of obstructive disorders. Although 
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these indices assess airway obstruction, they cannot help 
examine airway wall thickening or the presence of mucus 
plugs. Computed tomography (CT) is an extremely use-
ful tool for the three-dimensional evaluation of the air-
way. Thickening of airway walls and reduction of the air-
way lumen area have been noted using CT images, par-
ticularly in patients with severe asthma [2–4].

There are several reports on airway inflammation and 
airway wall thickenings, including analysis of the correla-
tion between airway wall thickening and the fraction of 
exhaled nitric oxide (FeNO) [5], an important biomarker 
for type 2 airway inflammation [6]. Additionally, a direct 
correlation between peripheral blood or sputum eosino-
phils and the airway wall has been reported [7]. From 
both reports, it can be inferred that eosinophilic airway 
inflammation plays an important role in airway wall 
thickening. Moreover, Dunican et al. [8] reported a rela-
tionship between the sputum eosinophil ratio and the 
number of mucus plugs observed on a CT scan, suggest-
ing that eosinophil peroxidase, an eosinophil granule 
protein, is associated with mucus plugs. Mucus plugs are 
speculated to cause airway obstruction and airflow limi-
tation [9].

Benralizumab, a humanized monoclonal antibody for 
the interleukin-5 (IL-5) receptor α chain, is used to man-
age difficult-to-treat asthma in adults and is clinically ef-
fective in patients with high eosinophil counts. In phase 
3 trials, an add-on treatment of benralizumab decreased 
asthma exacerbation, increased FEV1, and nearly elimi-
nated peripheral blood eosinophils [10, 11]. In addition, 
there have been some reports of the reduction of sputum 
and blood eosinophilia with benralizumab [12, 13]. How-
ever, there have been no reports of improvement in the 
morphological findings such as airway wall thickening 
and total airway counts (TACs) after the use of benrali-
zumab.

In this study, we examined airway morphology using 
CT analysis in 11 cases before and after administering 
benralizumab. We reported that benralizumab reduced 
airway wall thickening and distinctly increased the total 
number of airways as determined by CT imaging.

Methods

Study Participants
The study involved 11 patients (6 women and 5 men) with a 

diagnosis of severe uncontrolled eosinophilic asthma, according to 
the ATS/ERS criteria [14], treated with benralizumab and under-
went a CT before and 4–6 months after the start of benralizumab 
treatment at Niigata University Medical and Dental Hospital from 

April 2018 to August 2020. Patients with a history of biological 
therapy before benralizumab treatment were excluded. This study 
was conducted in accordance with the ethical principles for medi-
cal research involving human subjects, the Declaration of Helsinki, 
and with the approval of the Ethics Committee of Niigata Univer-
sity (approval No. 2524). All participants provided written in-
formed consent prior to enrollment.

Clinical Assessments
Before the initiation of benralizumab, all participants under-

went a physical examination, Asthma Control Test (ACT; Japa-
nese version), Asthma Quality of Life Questionnaire (AQLQ; Jap-
anese version), pulmonary function test, measurement of the frac-
tion of exhaled nitric oxide (FeNO) level, peripheral blood 
eosinophil count, and measurement of total immunoglobulin E 
(IgE) levels. After 4 months of treatment, the participants were 
examined using the same procedures to measure the efficacy of 
benralizumab. We also evaluated for asthma exacerbation, identi-
fied by the use of a systemic corticosteroid due to asthma symp-
toms for 12 months before and after the administration of ben-
ralizumab.

Pulmonary function tests were performed using a spirometer 
(SpiroSift SP-470; Fukuda Densi Co., Ltd., Tokyo, Japan) following 
the American Thoracic Society (ATS) guidelines. FeNO level was 
measured using a nitric oxide analyzer (NIOX VERO® Circassia 
AB, Uppsala, Sweden), in accordance with a previous mutual con-
sensus statement from the ATS/European Respiratory Society 
[15].

Chest CT and Image Analysis
Multidetector-row CT (MDCT) imaging was performed 

mainly using an MDCT machine, SOMATOM Force (Siemens, 
Munich, Germany). All images were obtained in the supine posi-
tion during full inspiration breath-holds. Images were recon-
structed using a slice thickness at 1 mm slice intervals. Three-di-
mensional CT images of airway trees reconstructed from MDCT 
images were obtained using image-analyzing software (SYNAPSE 
VINCENT; Fujifilm Corporation, Tokyo, Japan). Reconstruction 
of the bronchial pathway was performed using the software as 
previously reported [5]. Airway measurements were noted in one 
bronchus (B1) in the right lung according to methods reported 
previously [16] and the analysis was performed by two respira-
tory physicians who were blinded to the patient’s data. For each 
case, four levels of the airways (third- [segmental], fourth- [sub-
segmental], fifth-, and sixth-generation bronchi) were identified 
by tracing the airway trees peripherally on the same trunk of each 
segmental bronchus. At the midpoint of each level of the airway, 
the wall area (WA) and airway inner luminal area (Ai) perpen-
dicular to the long axis of the airway were automatically comput-
ed. WA was defined as the area between the outer and inner edg-
es of the airway (Fig. 1a). WA was expressed as a percentage of a 
ratio (WA/outer area of the bronchus). To eliminate the potential 
influence of body size of each patient, Ai and WA were adjusted 
by BSA (Ai/BSA and WA/BSA, respectively), according to previ-
ous reports [2, 5, 17].

The total airway count was modified based on the previous re-
port [18, 19]. Segmentation of the airway trees were skeletonized 
to obtain their centerlines using SYNAPSE VINCENT software. 
All the centerline branches between branching points were labeled 
and manually counted (Fig. 1b).
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Statistical Analysis
The data are expressed as a median (minimum–maximum). 

Within-group (pre- and posttreatment) comparisons were con-
ducted using Wilcoxon’s signed rank test. The correlation between 
the morphological findings and clinical parameters was deter-
mined using Spearman’s rank analysis. All statistical analyses were 
performed using JMP software, version 11 (SAS Institute, Inc., To-
kyo, Japan). For all statistical analyses, the statistical significance 
was set at p < 0.05.

Results

The baseline data for all 11 patients are shown in Ta-
ble  1. Five patients were men, the median age was 71 
years, and the disease duration was 15 years. Six patients 
(55%) had chronic rhinosinusitis as comorbidity. The 
median ICS dose was 750 μg/day (equivalent to flutica-
sone); however, none of the patients used maintenance 
oral corticosteroids. The median frequency of exacerba-
tion in the previous year, defined as a systemic cortico-
steroid burst due to asthma symptoms, was five. The 
baseline median ACT and AQLQ scores were 18 and 
4.75, respectively. The baseline blood eosinophil count 
was 780 per μL. The median IgE and FeNO levels were 
533 U/L and 66.0 ppb, respectively. Most patients showed 
obstructive impairment based on the pulmonary func-
tion data.

WA and Ai from the third- to sixth-generation bron-
chi of the right bronchus B1 and TAC in the whole lung 

are shown in Table  2. We analyzed the correlation be-
tween the parameters of airway morphology in the third 
generation of B1 and the clinical data, where none of them 
showed a significant correlation (Table 3). Furthermore, 

6th Br.

Left upper lobe

Left lower lobe

Right upper lobe

LigulaRight middle lobe

Right lower lobe

5th Br.

4th Br.

3rd Br.

a b

Table 1. Summaries of clinical parameters of the subjects

Male 5 (45)
Age, years 71 (55–83)
Duration, years 15 (5–51)
BMI, kg/m2 24.2 (18.5–32.0)
Smoking

Never smoked 7 (64)
Past smoking 4 (36)

Atopic 7 (64)
CRS comorbidity 6 (55)
ICS, μg/day (equivalent to fluticasone) 750 (400–1,000)
Maintenance OCS 0 (0)
Exacerbation, /year 5 (0–10)
ACT 18 (12–23)
AQLQ 4.75 (4.0–5.9)
Blood eosinophil, /μL 780 (530–2,559)
IgE, U/L 533 (6.4–16,000)
FeNO, ppb 66.0 (21–274)
%FEV1 71.0 (54.0–98.6)
FEV1/FVC, % 66.3 (51.9–78.3)

Data are expressed as n (%) or median (minimum–maximum). 
BMI, body mass index; CRS, chronic rhinosinusitis; ICS, inhaled 
corticosteroid; OCS, oral corticosteroid; ACT, Asthma Control Test; 
AQLQ, Asthma Quality of Life Questionnaire; IgE, immunoglobulin 
E; FeNO, fraction of exhaled nitric oxide; FEV1, percent forced 
expiratory volume in 1 s; FVC, forced vital capacity.

Fig. 1. Three-dimensional CT analysis of the airways. a Using three-dimensional airway tree images, longitudinal 
and short-axis images were reformatted. Red and green lines indicate the outer and inner edges of the airways, 
respectively. The areas within the green line and between the red and green lines are the airway inner luminal area 
and wall area, respectively. b The airway tree was automatically segmented from the original CT image. All branch-
es of the centerline between branching points were labeled and counted manually. CT, computed tomography.
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none of the other generational parameters showed a sig-
nificant correlation (data not shown).

We compared asthma symptoms, biomarkers, pulmo-
nary function, and frequency of exacerbation in pread-
ministration and 4 months after (4M-) administration of 
benralizumab (Fig. 1). The ACT and AQLQ scores sig-

nificantly increased compared to the pre-benralizumab 
group (Fig. 2a, b). Blood eosinophils in 4M-benralizumab 
dramatically decreased and reached zero, whereas the lev-
els of total IgE and FeNO did not differ between the 
groups (Fig. 2c–e). The %FEV1 and FEV1/FVC increased 
significantly, while the frequency of exacerbation de-

Table 2. Three-dimensional CT analysis of airway morphology

Third-generation bronchus Fourth-generation bronchus Fifth-generation bronchus Sixth-generation bronchus

Ai, mm2 17.6 (10.3–44.6) 9.6 (4.6–33.4) 3.7 (2.2–6.4) 2.7 (1.0–8.0)
Ai/BSA, mm2/m2 14.1 (6.7–28.8) 6.6 (3.7–18.0) 2.5 (1.3–5.2) 1.7 (0.6–5.8)
WA, mm2 32.1 (19.1–54.0) 18.1 (11.3–48.6) 10.6 (4.0–16.2) 5.6 (2.8–16.7)
WA/BSA, mm2/m2 21.9 (11.9–31.1) 12.4 (7.4–26.4) 8.30 (2.4–11.7) 3.5 (2.3–12.0)
WA%, % 52 (43–77) 66 (57–77) 73 (60–78) 71 (63–88)

Right whole lung

TAC 60 (21–132)

Data are expressed as median (range). Ai, airway inner luminal area; WA, wall area; BSA, body surface area; TAC, total airway count.
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Fig. 2. Changes in clinical parameters and biomarkers with benralizumab treatment. Values were obtained before 
(“Pre”) and 4 months after (“4M”) benralizumab treatment. a ACT scores. b AQLQ scores. c Eosinophil count 
in peripheral blood. d FeNO. e IgE. f Percent forced expiratory volume in 1 s (%FEV1). g FEV1/FVC. h Frequen-
cy of asthma exacerbation in the previous year. The p values were calculated via Wilcoxon matched-pairs signed 
rank tests. ACT, Asthma Control Test; AQLQ, Asthma Quality of Life Questionnaire; FeNO, fraction of exhaled 
nitric oxide; ppb, parts per billion. FVC, forced vital capacity.
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creased significantly in the 4M-benralizumab group 
(Fig. 2f–h).

We also compared the parameters of CT images before 
and after benralizumab treatment. The levels of WA/BSA 
in the third generation decreased, whereas those in the 
fourth to sixth generations did not change (Fig.  3a–d). 
The %WA levels in the third and sixth generations were 
significantly decreased (Fig.  3e–h) and the TAC in the 
whole lung was significantly increased (Fig. 4).

To elucidate the clinical significance of changes in 
airway images, we analyzed the correlation between the 
amount of change in WA% (ΔWA%) in each generation 
and TAC (ΔTAC), clinical background, and changes in 
clinical parameters. Correlation between baseline blood 
eosinophil count and ΔWA% was observed in the third 
and sixth generations (Fig. 5a–b) and ΔTAC (Fig. 5c). 
Additionally, ΔTAC correlated with exacerbation re-
duction rate (Δexacerbation). Partial correlations be-

Table 3. Correlation between airway morphology and clinical parameters

Parameter Ai/BSA (3rd) WA/BSA (3rd) WA% (3rd) TAC

Duration 0.32 (0.34) −0.08 (0.82) 0.48 (0.09) −0.21 (0.53)
%FEV1 −0.11 (0.75) 0.17 (0.62) 0.37 (0.26) −0.15 (0.67)
%MMEF −0.03 (0.95) −0.05 (0.90) 0.19 (0.58) −0.15 (0.67)
ACT 0.31 (0.36) 0.24 (0.48) 0.01 (0.98) 0.15 (0.66)
FeNO −0.41 (0.21) −0.09 (0.80) 0.18 (0.60) −0.08 (0.82)
Blood eosinophil −0.50 (0.12) 0.29 (0.39) 0.42 (0.19) −0.57 (0.07)
Exacerbation −0.11 (0.75) 0.15 (0.66) −0.14 (0.67) −0.12 (0.72)

Data are expressed as r (p value). Ai, airway inner luminal area; WA, wall area; BSA, body surface area; TAC, total 
airway count; %FEV1, percent forced expiratory volume in 1 s, %MMEF, percent maximum mid-expiratory flow; ACT, 
Asthma Control Test; FeNO, fraction of exhaled nitric oxide.
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Fig. 3. Changes in the morphological parameters in CT with benralizumab treatment. Values were obtained be-
fore (“Pre”) and after (“Post”) benralizumab treatment. a–d WA/BSA. e–h WA%. a, e 3rd generation branch of 
right B1. b, f 4th generation. c, g 5th generation. d, h 6th generation. The p values were calculated via Wilcoxon 
matched-pairs signed rank tests. BSA, body surface area; CT, computed tomography; WA, wall area.
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tween disease duration and baseline %FEV1 were also 
noted; however, the clinical significance was unclear 
(Table 4).

Discussion/Conclusion

In this study, 11 patients with severe eosinophilic 
asthma were treated with benralizumab. Airway wall 
thickening and the number of TAC on the CT were eval-
uated before and after treatment. Our study revealed 
two major novel findings: (1) benralizumab improved 
airway wall thickening and increased TAC and (2) the 
degree of improvement in imaging parameters correlat-
ed with the baseline eosinophil count. To the best of our 
knowledge, this is the first report on the changes in air-
way wall thickening and TAC in patients treated with 
benralizumab.

Previous studies reporting improvements in bronchial 
wall thickening and airway lumen area with biologics in-
terventions include treatments of omalizumab. Tajiri et 
al. [20] reported an improvement in airway wall thickness 
and enlargement of the luminal area on CT images as well 
as a decrease in the number of exacerbations and an in-
crease in peak expiratory flow values after 48 weeks of 
treatment with omalizumab. In a small open-label study, 
Hoshino and Ohtawa [21] reported a significant im-
provement in airway wall thickening and enlargement of 
the luminal area in the omalizumab-treated group. Both 
reports mentioned a decrease in FeNO and sputum eo-
sinophil percentages, which may be associated with an 
improvement in eosinophilic airway inflammation. Fur-
thermore, 1-year treatment of mepolizumab in the study 

for severe eosinophilic asthma patients revealed the sig-
nificant improvement of airway wall thickening and air-
way lumen on CT compared to the placebo group [22]. In 
the present study, elevated blood eosinophils disappeared 
in all cases and sputum eosinophils, which were observed 
in some cases, almost disappeared (data not shown). This 
suggested that benralizumab properly controlled eosino-
philic inflammation in the airways, this effect was reflect-
ed in the morphological changes.

Table 4. Correlation of changes in WA and TAC with clinical parameters

Parameter ΔWA% (3rd) ΔWA% (4th) ΔWA% (5th) ΔWA% (6th) ΔTAC

Duration −0.31 (0.34) 0.86 (0.01)* 0.01 (0.97) 0.39 (0.24) −0.17 (0.61)
%FEV1 0.08 (0.82) −0.16 (0.65) 0.68 (0.03)* 0.15 (0.65) 0.24 (0.47)
Δ%FEV1 −0.25 (0.47) 0.15 (0.67) 0.23 (0.49) −0.28 (0.40) 0.07 (0.84)
ACT −0.08 (0.83) −0.15 (0.65) 0.46 (0.15) 0.13 (0.70) 0.19 (0.58)
ΔACT 0.05 (0.89) 0.25 (0.45) 0.02 (0.95) −0.10 (0.76) 0.12 (0.72)
FeNO 0.23 (0.50) 0.17 (0.61) −0.17 (0.62) 0.10 (0.77) −0.20 (0.56)
Blood eosinophil 0.65 (0.03)* −0.19 (0.57) 0.08 (0.81) 0.61 (0.05)* 0.69 (0.02)*
Exacerbation −0.11 (0.76) 0.03 (0.92) −0.25 (0.45) 0.17 (0.62) 0.38 (0.25)
ΔExacerbation, % −0.26 (0.46) −0.14 (0.69) −0.43 (0.19) 0.17 (0.63) 0.62 (0.05)*

Data are expressed as r (p value). WA, wall area; TAC, total airway count; %FEV1, percent forced expiratory vol-
ume in 1 s; ACT, Asthma Control Test; FeNO, fraction of exhaled nitric oxide. * Significant correlation between the 
parameters (* p < 0.05).
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Fig. 4. Changes in TAC with benralizumab treatment. Values were 
obtained before (“Pre”) and after (“Post”) benralizumab treat-
ment. a Right upper lobe. b Right middle and lower lobe. c Whole 
right lobe. The p values were calculated via Wilcoxon matched-
pairs signed rank tests.
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In this study, the baseline blood eosinophil count cor-
related with the changes of imaging features. There was a 
correlation between the blood eosinophil count and spu-
tum eosinophil percentages [23], especially in severe eo-
sinophilic asthma [24], suggesting that the effects of ben-
ralizumab may be reflected in imaging changes in pa-
tients with more intense eosinophilic inflammation in the 
airway. Eosinophils are considered the major source of 
TGF-β, which is essential for airway remodeling [25]. 
Moreover, a recent report has also described a mecha-
nism by which eosinophils activated by amphiregulin, an 
epidermal growth factor family member, produce osteo-
pontin, causing fibrosis of the airways [26]. It can be as-
sumed that the removal of these activated eosinophils 
from the airways may act in an inhibitory manner on the 
development of airway remodeling.

Improvement in bronchial wall thickening varied 
across generations, with a significant improvement ob-
served in the third and sixth generations. However, no 
change was observed in the other generations. Several rea-
sons can be speculated with this result. One reason is that 
the image interval in this study might have been short. The 
omalizumab report mentioned above [20] showed im-
provement in airway wall thickness and enlargement of 
the luminal area on the CT after 48 weeks of treatment 
with omalizumab was similarly evaluated after 16 weeks, 
with little improvement. Based on these data, a period of 
around 1 year may be required to evaluate the effect of 
biologics on airway wall thickening. The second reason is 
that the partial improvement of the airway may be the 
clearing of mucus rather than the bronchial wall itself. 
From the improvement in TAC with the use of benrali-
zumab, it is speculated that mucus plugs and the mucus 

attached to the walls of the airways were reduced. It is fur-
ther speculated that this phenomenon may reduce eosin-
ophil-derived granule proteins such as eosinophil peroxi-
dase in the airways; however, further analysis is needed.

While there are many reports of TAC being correlated 
with respiratory function in COPD [18, 27], there are only 
a few reports of TAC being monitored in asthma. Further-
more, its clinical significance remains unclear. Eddy et al. 
[19] reported that the number of small airways lost cor-
related with airway wall thickness and airway lumen area 
in a branching analysis and also correlated with a ventila-
tion defect percentage on a functional magnetic resonance 
imaging. Although the method of TAC measurement dif-
fered slightly in this study, TAC improved in many cases 
following benralizumab administration. Moreover, it is 
intriguing to observe that changes in TAC were correlated 
with changes in the number of exacerbations.

This study had several limitations. First, this was a sin-
gle-arm study without a controlled comparison and the 
sample size was small owing to the single-center nature 
of the study. Second, no patients received the mainte-
nance OCS therapy; this indicates that the study may have 
targeted less severe cases. Finally, the results of this study 
showed no correlation between airway wall changes or 
increased TAC on CT and respiratory function, particu-
larly FEV1. This indicates that morphological and func-
tional indices are not related. However, it is possible that 
some of the patients in this study had mild impairments 
of FEV1, which may not have been reflected in improve-
ments in FEV1 despite clinical improvements following 
the use of biologics. Recently, the association of small air-
way dysfunction with nocturnal symptoms, airway hy-
perresponsiveness, and airway inflammation phenotype 
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has been reported [28–30]. Additionally, it has been re-
ported that methods to analyze small airway dysfunction 
such as impulse oscillometry are more sensitive than spi-
rometry to biologic treatment effects [31]. Therefore, it is 
necessary to evaluate small airways in the future.

In summary, we examined the efficacy of benralizum-
ab both clinically and using CT imaging. Eleven patients 
were studied, and most participants demonstrated an im-
provement with respect to subjective symptoms and the 
quality-of-life scores, as well as respiratory function and 
reduction in exacerbations of asthma. Furthermore, CT 
imaging analysis showed a decrease in right B1 airway 
wall thickness and an increase in the number of bronchi 
visible on the CT, which could be related to the baseline 
blood eosinophil count. These data suggest that benrali-
zumab, an anti-IL-5 receptor chain antibody, can greatly 
reduce airway wall thickening and improve ventilation by 
clearing an obstructed airway.
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