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Abstract 

Background:  Dupilumab, an anti-IL-4α receptor antibody, is a new treatment for severe or refractory asthma. How-
ever, real-world evidence on the efficacy of dupilumab in patients with mild to moderate bronchial asthma is lacking.

Methods:  We retrospectively evaluated the effects of dupilumab in 62 patients who received dupilumab for eosino-
philic sinusitis comorbid with asthma at a single centre in Japan. Type 2 inflammatory markers, ACT, respiratory 
function tests, and forced oscillation technique (FOT) were analysed before, three months after, and one year after 
dupilumab administration, mainly in patients with mild to moderate asthma.

Results:  FEV1, %FEV1, %FVC, treatment steps for asthma and ACT improved significantly after three months of 
dupilumab treatment. FeNO was markedly decreased, whereas IgE and eosinophil counts showed no significant 
changes. Pre- and post-treatment respiratory resistance (Rrs) and respiratory reactance (Xrs) correlated significantly 
with FEV1. Improvement in %FEV1 was associated with higher FeNO and higher serum IgE before dupilumab 
treatment.

Conclusion:  Dupilumab treatment for sinusitis may improve respiratory functions, asthma symptoms, and asthma 
treatment reduction, even if the associated bronchial asthma is not severe.
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Introduction
In the last few years, the treatment of refractory asthma 
has made dramatic progress, especially with the develop-
ment of biological therapies targeting molecular effectors 
and signalling associated with type 2 airway inflamma-
tion [1–5]. Dupilumab is a fully-humanized IgG4 mon-
oclonal antibody that binds to the IL-4 receptor alpha 
chain (IL-4Rα) and blocks both IL-4 and IL-13 signalling. 

Dupilumab has shown efficacy in multiple diseases 
associated with type 2 inflammation, including asthma, 
atopic dermatitis, and chronic sinusitis with nasal 
polyps(CRSwNP) [6]. Several large clinical trials have 
shown that dupilumab reduces asthma exacerbations, 
improves the scores on obstructive pulmonary impair-
ment and asthma control tests, and decreases the use of 
oral corticosteroids(OCS) regardless of peripheral blood 
eosinophil counts in patients with severe asthma [7–9].

The upper airway, such as the nasal cavity and para-
nasal sinuses, and the lower airway, such as the bronchi 
and lungs, are anatomically connected and recognized 
as the "united airway" [10]. The upper and lower air-
ways are susceptible to functional interactions through 
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hematogenous, transbronchial, and neuromodulatory 
communication of inflammatory mediators [11–13]. 
Therefore, it is likely that these two airways are prone to 
be inflamed simultaneously. It has been reported that 40 
to 60% of patients with eosinophilic sinusitis and nasal 
polyps are complicated with asthma [14, 15]. Tanaka et al. 
showed that 13 to 20% of eosinophilic sinusitis patients 
exhibited low FEV1/FVC (< 70%) on respiratory function 
tests without a previous diagnosis of asthma, indicating 
that asthma can be underdiagnosed in patients with CRS. 
In the SINUS-24 and SINUS-52 trials [16], although the 
diagnosis of asthma was determined by self-report and 
patients with severe airflow obstruction were excluded, 
the asthma complication rate was 60%, further support-
ing the notion that the actual asthma complication rate 
may be much higher [15]. Recent reports have shown 
that nasal polyps and sinusitis treatment may improve 
asthma symptoms. Ahmed et al. have demonstrated that 
CRS patients tend to have less overt lower airway dis-
orders, and endoscopic sinus surgery(ESS) effectively 
ameliorates such disorders [17]. In the pooled popula-
tion of patients with CRSwNP complicated with asthma 
from the SINUS-24 and SINUS-52 trials, dupilumab 
improved forced expiratory volume in one second (FEV1) 
and patient-reported asthma symptoms evaluated by 
the Asthma Control Questionnaire (ACQ-6) [16]. This 
study included all patients regardless of asthma severity. 
Since dupilumab is approved only for severe or poorly-
controlled asthma, no previous reports have analysed the 
efficacy of dupilumab exclusively in patients with mild to 
moderate asthma, especially in real-life settings.

The forced oscillation technique (FOT) is a non-inva-
sive, effort-independent method used for respiratory 
function testing in recent years and is expected to be 
beneficial, especially in children and the elderly, as it can 
be performed during tidal breathing [18,19]. However, it 
is not widely used yet, and its usefulness in asthma treat-
ment has not been fully verified. Furthermore, no previ-
ous reports have used FOT to monitor the therapeutic 
effects of dupilumab in asthma patients.

The present study aims to retrospectively evaluate the 
real-life effects of dupilumab on comorbid mild to mod-
erate asthma in patients treated with dupilumab for 
CRSwNP in terms of the changes in type-2 inflamma-
tory markers, ACT, respiratory function tests, and forced 
oscillation technique (FOT).

Method
Study design
This research is a retrospective observational study con-
ducted at a single centre (Department of Otolaryngology 
and Respiratory Medicine in Matsuwaki Clinic Shina-
gawa). Sixty-two consecutive adult patients treated with 

dupilumab for eosinophilic sinusitis with nasal polyps 
complicated with asthma from May 2020 to July 2021 
were retrospectively analysed. All asthma patients were 
diagnosed by respiratory physicians based on the Japa-
nese guidelines [20] or the Global Initiative of Asthma 
(GINA) guidelines [21]. All patients received 300  mg of 
Dupilumab subcutaneously every two weeks. Asthma 
treatment steps and severity assessment were based on 
the Global Initiative of Asthma (GINA) strategy updated 
in 2021 [22]. Blood eosinophil count, IgE, respiratory 
functions, respiratory impedance, and ACT (Asthma 
Control Test) were assessed before and at three months 
and one-year time points after dupilumab administra-
tion. A visual analogue scale (VAS) was used to quan-
tify the severity of symptoms of CRSwNP subjectively. 
The CT findings of CRS were stage-classified using the 
Lund-Mackay system [23]. The Nasal Polyp Score (NPS) 
was defined as the sum of the scores (0–8 range) of the 
right and left nostrils as assessed by nasal endoscopy (a 
decrease in score indicates improvement). The present 
study was approved by the Ethics Committee of Jikei uni-
versity [33–35]. We obtained informed consent in the 
form of opt-out on the Matsuwaki clinic website, and this 
study was conducted in accordance with the Declaration 
of Helsinki.

Measurement of NO, pulmonary function, and FOT
Fractional exhaled nitric oxide concentration (FeNO) 
was measured using electrochemical sensor NO analys-
ers (NO Breath, Bedfont Scientific Ltd., England) with 
a 50  mL/s flow rate, as recommended by the American 
Thoracic Society / European Respiratory Society, using a 
spirometer (HI-801, CHEST, Tokyo Japan) that assessed 
forced expiratory volume in 1 s (FEV1), FEV1/FVC, and 
(FEV1/forced vital capacity (FVC) ratio). Respiratory 
impedance was measured by a broadband FOT using 
MostGraph-02 (Chest MI Co., Ltd, Japan). An impulse 
oscillatory signal generated by a loudspeaker was applied 
to the airway through a mouthpiece for about 30 s during 
tidal breathing.

In this study, we measured and analysed respiratory 
resistance (Rrs) at 5 Hz (R5) and 20 Hz (R20), and reac-
tance (Xrs) at 5 Hz (X5), resonant frequency (Fres).

Statistical analysis
Data were analysed using Prism 8 (GraphPad Software 
Inc., La Jolla, CA, USA). A p-value of < 0.05 was taken 
as the threshold for statistical significance. All values are 
expressed as the means ± standard deviation (SD). Data 
for individual variables before and three months after 
starting dupilumab were analysed using the Paired t-test. 
The factors associated with patient characteristics were 
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analysed using the unpaired t-test and the chi-square 
test. The Pearson correlation coefficient was used to 
investigate the correlation between the FEV1 and FOT 
values.

Results
Clinical characteristics
During the observation period, 62 patients underwent 
respiratory, otolaryngological, and blood examinations 
after three months of treatment with dupilumab, and 
23 patients underwent tests after one year of treatment. 
During the observation period, all patients who received 
dupilumab had a past history of asthma or were currently 
receiving asthma treatment.

All the patients had not experienced any asthma 
attacks during the past three months and were well con-
trolled by the current asthma treatment (mean ACT 
score is 22–23) or treatment-free. Of the 62 patients 
who received dupilumab, 58 (93.5%) received it as their 
first antibody therapy for asthma, and the remaining 4 
(6.5%) had received antibody therapy (omalizumab = 1, 
mepolizumab = 2, benralizumab = 1) immediately before 

dupilumab. Most patients in this study received around 
5  mg of oral corticosteroids (prednisone) for poorly-
controlled sinusitis. Serum IgE and FeNO were mildly 
elevated than normal in all patients, but there were no 
significant differences between severe and mild-mod-
erate asthma. The mean serum eosinophil counts were 
within the normal range regardless of severity. Although 
there was a mild increase in each of the spirometry indi-
ces, as well as the respiratory resistance and reactance in 
FOT, there were no significant differences in these indi-
ces between mild to moderate and severe cases, indicat-
ing that asthma treatment was well controlled before 
the initiation of dupilumab in the present study. The 
number of patients with mild to moderate asthma was 
50, accounting for 80% of all patients, and the efficacy of 
dupilumab for severe cases has already been established 
(ref ). Accordingly, we performed a series of evaluations 
mainly focusing on mild to moderate cases (Table 1).

Table 1  Baseline patient characteristics are shown

*p < 0.05, **p < 0.01 by unpaired t test or chi-square test

Mild/moderate Severe p value

Number of patients(n) (mild/moderate) 50 (21/29) 12

Observation period(n), 3 month/1 year 50/23 12/0

Age(y), (sd) 47.1 (9.6) 47.9 (10.6) 0.8225

Female(n),/Male(n) 26/24 6/6 0.9009

Diagnostic history of asthma,n(%) 50 (100) 12 (100)  < 0.0001

Undergoing asthma treatment,n (yes/no) 34/16 12/0 (100) 0.0229

Treatment step (GINA) 1–5,n 2.5 5  < 0.0001

Previous antibody therapy,n(%) 1 (2) 3 (25) 0.0036

Undergoing OCS,n(%) 49 (98) 12 (92) 0.0229

OCSdose(mg), (sd) 4.7 (0.9) 3.8 (2.0) 0.0225

Aspirin intolerance,n(%) 20 (40) 2 (15.3) 0.0972

Asthma control test, (sd) 23.2 (3.0) 22.0 (3.9) 0.2571

IgE, IU/mL (sd) 385 (522) 326 (207) 0.7165

Blood eosinophil count, cells/uL, (sd) 438 (459) 298 (174) 0.3064

FeNO (ppb),(sd) 57.7 (46.6) 75.3 (72.7) 0.302

Spirometry (pre treatment)

FEV1 (L), (sd) 2.9 (0.8) 2.9 (0.8) 0.9074

%FEV1 (%), (sd) 98.5 (16.4) 94.8 (21.1) 0.5192

FEV1%(G) (%), (sd) 81.6 (5.9) 77.8 (8.3) 0.071

%FVC (%), (sd) 106 (18.5) 108 (21.1) 0.9197

Respiratory impedance (pre treatment)

R5 (kPa/(L/s)), (sd) 3.4 (1.0) 3.1 (1.3) 0.4848

R20 (kPa/(L/s)), (sd) 2.9 (1.0) 2.6 (1.1) 0.3052

X5 (kPa/(L/s)), (sd) -0.4 (0.8) -0.4 (0.5) 0.9372

Fres (1/s), (sd) 7.8 (3.1) 8.0 (3.2) 0.4194
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Evaluation of clinical parameters in patients with mild 
to moderate asthma
Figure  1A shows the changes in type 2 inflammatory 
markers in mild to moderate asthma patients. FeNO 
decreased markedly at three months after dupilumab 
treatment and maintained after one year. IgE did not 
change at three months but showed a decreasing trend 
at one year (Fig.  1A). The peripheral blood eosinophil 
counts showed slight elevation without significance until 
one year (Fig. 1A).

In mild to moderate asthma, the ACT score before 
treatment was generally good (mean score: 22.9). None-
theless, three months of dupilumab treatment signifi-
cantly improved ACT score, which was maintained after 
one year. In addition, the asthma treatment steps based 

on the GINA strategy were also significantly down-
graded at three months and after one year (Fig.  1B). In 
terms of CRSwNP-related evaluations, dupilumab dra-
matically improved the nasal polyp score, CT grade, and 
odour score (VAS) at three months, which were further 
improved after one year (Fig. 1C). Furthermore, the ster-
oid therapy for CRSwNP was significantly reduced at 
the three months, and most patients were successfully 
withdrawn after one year of treatment with dupilumab 
(Fig. 1C).

Assessment of respiratory functions and impedance 
in patients with mild to moderate asthma
With regard to respiratory functions, forced expiratory 
volume in 1 s (FEV1), the percentage of predicted forced 

Fig. 1  Evaluation of clinical parameters in patients with mild to moderate asthma. Changes in Type 2 inflammatory markers (A),asthma control 
indicators (B),and sinusitis treatment Indicators (C) at 3 months and 1 year after dupilumab administration are shown in A. Pre and 3 month: n = 50, 
1 year: n = 18. Each panel shown represents the mean ± SD. *p < 0.05,**p < 0.01 by student’s t test
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expiratory volume in 1  s (%FEV1), the percentage of 
predicted forced vital capacity (%FVC), and the FEV1/
FVC ratio (FEV1%) were measured by spirometry. The 
pre-dupilumab values of FEV1, %FEV1, and %FVC were 
significantly improved at three months, and the improve-
ment was maintained for one year, while FEV1% did not 
significantly change by dupilumab treatment (Fig. 2A).

As for the respiratory impedance, we measured R5 and 
R20 as respiratory resistance (Rrs) and X5 and Fres as 
respiratory reactance (Xrs). Respiratory resistance (R5, 
R20) tended to improve, but the change was not without 
significance at three months (Fig. 2B). In addition, all res-
piratory impedance indices (R5, R20, X5, Fres) showed 
further improvement after one year, suggesting that one 
year of dupilumab treatment may significantly improve 
these indices by accumulating more patients (Fig. 2B).

Correlation between respiratory function test (FEV1) 
and respiratory impedance test
To examine whether FOT is as practical as spirometry in 
monitoring the effects of dupilumab or not, we evaluated 
the correlation between FEV1 and respiratory impedance 
indices (R5, R20, X5, and Fres) before and three months 
after dupilumab treatment. FEV1 and respiratory imped-
ance correlated significantly before and three months 
after dupilumab treatment for mild to moderate asthma, 
suggesting that FOT shows a similar trend to spirometry 
with respect to obstructive disorders (Fig. 3A). However, 
when we focused on individual cases, a certain number 
of cases were found to have discrepancies in the rate of 
improvement after three months of treatment by spirom-
etry and FOT. Kanda et al. reported that FOT is useful for 
detecting pathophysiological changes in the respiratory 
system, even in asthmatic patients with normal FEV1/
FVC [24]. Hence, we compared the improvement rates of 
FEV1 and R5 after three months of dupilumab treatment 

Fig. 2  Assessment of respiratory function and impedance in patients with mild to moderate asthma. Changes in respiratory function by spirometry 
(A) and changes in respiratory resistance by FOT (B) at 3 months and 1 year after dupilumab administration are shown. Pre and 3 month: n = 50, 
1 year: n = 18. Each panel shown represents the mean ± SD. *p < 0.05, **p < 0.01 by student’s t test

(See figure on next page.)
Fig. 3  Correlation between respiratory function test (FEV1) and respiratory impedance test. A Correlation between respiratory function test (FEV1) 
and respiratory impedance are shown. n = 50 in each panel. *p < 0.05,**p < 0.01 by the Pearson correlation coefficient. B The improvement rates (%) 
of FEV1 and R5 after three months of dupilumab treatment in patients with FEV1/FVC above and below the mean (80.8%) are shown. n = 50 in each 
panel. *p < 0.05, **p < 0.01 by unpaired t test
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Fig. 3  (See legend on previous page.)
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in patients with FEV1/FVC above and below the mean 
(80.8%). In patients with above-average FEV1/FVC, the 
improvement rate of R5 was significantly greater than 
that of FEV1. Conversely, in patients with FEV1/FVC 
above average, the improvement rate of FEV1 tended to 
be larger than that of R5.

Comparison of the efficacy of dupilumab treatment 
according to disease severity.
In this study, most patients had mild to moderate asthma, 
and the efficacy of dupilumab is mainly established in 
severe asthma. Although all participants, including 
those with severe symptoms, were clinically controlled 
at dupilumab administration, we compared the improve-
ment in respiratory functions, ACT, treatment step, and 
FeNO in response to three months of dupilumab treat-
ment between mild to moderate and severe asthma. 
The spirometry indices (FEV1, %FEV1, %FVC) showed 
a trend of improvement in both groups, and no signifi-
cant difference was observed (Fig.  4). With respect to 
ACT score, treatment step, and FeNO, mild to moder-
ate asthma, no significant difference was demonstrated 
between mild to moderate and severe asthma (Fig.  4). 
Overall, patients with mild-moderate and severe asthma 

responded similarly to three months of dupilumab treat-
ment in the setting of clinically-controlled cases. Three 
months of dupilumab treatment reduced the dose of oral 
corticosteroids (prednisone: PSL) prescribed for refrac-
tory sinusitis in most patients, and interestingly, the 
range of reduction was significantly greater in mild to 
moderate asthma than in severe asthma.

Investigation of predictors of improvement in respiratory 
functions
To determine the patient characteristics contributing to 
improved respiratory functions with dupilumab in mild 
to moderate asthma, we compared nine factors associ-
ated with asthma and CRSwNP between the group of 
patients with %FEV improvement below 3.8 L and that 
with %FEV improvement above 3.8 L. In this study, 
the reference value was set at 3.8 L, which is the mean 
improvement in %FEV1 with 3  months of dupilumab 
treatment for all patients. Among the nine factors, pre-
dose FeNO and serum IgE were significantly different 
between the two groups, suggesting that the higher 
values of FeNO and IgE can be associated with more 
improved respiratory functions by dupilumab treat-
ment (Table  2). In addition, a higher treatment step 

Fig. 4  Comparison of the efficacy of dupilumab treatment according to disease severity. The improvement rate of FEV1, %FEV1, %FVC, ACT, 
treatment-step, and FeNO by asthma severity are shown. Mild-moderate; n = 50, Severe; n = 12. *p < 0.05, **p < 0.01 by unpaired t test
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before starting dupilumab contributed to the improve-
ment in %FEV1. The severity of CRS (CT score, VAS, 
eosinophil cell count in nasal polyps) was not signifi-
cantly different between the two groups.

Discussion
Dupilumab is approved for uncontrolled CRSwNP, severe 
or uncontrolled bronchial asthma, and atopic dermatitis 
and has the broadest range of use among antibody prod-
ucts against type 2 inflammation. Although unintentional 
administration of dupilumab to well-controlled asthma 
may happen during CRS treatment, respiratory function 
tests for asthma control are rarely monitored in the clini-
cal practice of otolaryngology. The LIBERTY ASTHMA 
QUEST trial, a phase-3 trial that showed significant 
improvement in respiratory functions in bronchial 
asthma patients with dupilumab, included patients with 
moderate as well as severe asthma [8, 25]. Similarly, the 
SINUS trial, a double-blind, randomized, controlled trial 
of dupilumab in patients with severe CRSwNP, found that 
65.9% of patients had moderate asthma at treatment step 
3 or 4 in the Global Initiative for Asthma (GINA) guide-
lines [16]. However, the therapeutic efficacy of dupilumab 
has not been evaluated to date with a focus on mild to 
moderate asthma, including asthma in treatment steps 1 
and 2. Likewise, no reports have examined the efficacy of 
dupilumab in well-controlled asthma.

The present study showed that dupilumab significantly 
improved respiratory functions (FEV1, %FEV1, %FVC) 
in patients with clinically-controlled mild to moderate 
asthma associated with CRSwNP at three months of the 
administration. In addition, asthma treatment steps were 
significantly reduced after the initiation of dupilumab 
(Fig.  1B). Patients’ subjective symptoms (ACT) were 
reasonably good before starting dupilumab, but further 
improvement was demonstrated after three months of 
treatment (Fig.  1B). Given the marked improvement 
in each of the CRSwNP-related indices (Fig.  1C), it is 

plausible that improved upper airway ventilation contrib-
utes to the improvement in respiratory symptoms. Actu-
ally, there is considerable evidence that surgical treatment 
of the upper airway can reduce FeNO and serum eosino-
phil count and improve respiratory functions as well as 
respiratory symptoms in comorbid asthma [17, 26, 27]. 
As the potential mechanism, it has been postulated that 
treatment of CRSwNP affects asthma control by sup-
pressing type-2 inflammation in the upper airway and the 
whole body. Furthermore, in the QUEST study, patients 
with concomitant CRS had more remarkable improve-
ments in asthma control than the subgroup without 
concomitant CRS [28]. Therefore, patients with poorly-
controlled CRSwNP in the present study may be a pop-
ulation having susceptibility to dupilumab for asthma 
treatment even if the comorbid asthma is mild to moder-
ate and clinically controlled.

A posthoc analysis of the LIBERTY ASTHMA QUEST 
trial showed the beneficial effects of dupilumab (severe 
exacerbation rates, improved FEV1 and asthma con-
trol, and suppressed type 2 inflammatory biomark-
ers) observed in both allergic and non-allergic asthma 
patients [25]. However, the therapeutic effect was more 
significant in patients with elevated type-2 biomarkers 
(blood eosinophils or FeNO) before dupilumab. In addi-
tion, several papers have reported that decreased levels 
of Th2 inflammatory markers such as FeNO, eotaxin-3, 
periostin, thymus, and activation-regulated chemokines 
(TARC), and total IgE can be parameters for monitor-
ing the response to treatment with dupilumab [7–9]. In 
this study, three months of dupilumab treatment reduced 
FeNO, the most among Th2 markers, and FeNO also 
improved %FEV1 in this study (Table  2). These results 
suggest that FeNO may be an essential type 2 inflam-
matory marker, which may reflect the susceptibility of 
asthma associated with CRSwNP against dupilumab 
treatment.

Table 2  Investigation of predictors of improvement in respiratory function

*p < 0.05, **p < 0.01 by unpaired t test or chi-square test

A%FEV1 < 3.8% (n = 32) A%FEV1 > 3.8% (n = 18 p value

AERD (no/yes) 19/13 11/7 0.9043

FeNO (ppb),(mean ± SD) 47 (39) 76 (52) 0.0295

IgE, IU/mL (mean ± SD) 232 (198) 625 (753) 0.0133

Blood eosinophil count, cells/uL(mean ± SD) 398 (493) 509 (394) 0.4171

Asthma control test, (mean ± SD) 23.1 (3.5) 23.33 (1.7) 0.7606

Treatment step (GINA),(mean ± SD) 2.3 (1.2) 3.1 (1.1) 0.0336

Preoperative eosinophil count in the nasal polyps(mean ± SD) 153 (231) 128 (46) 0.6703

CT score of sinusitis, (mean ± SD) 12.8 (5.0) 14.6 (4.9) 0.2073

Visual analogue scale 29, (mean ± SD) 7.5 (1.7) 7.3 (2.1) 0.7536
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The forced oscillation technique (FOT) is a respiratory 
function test that measures respiratory system imped-
ance (Zrs) by applying pressure oscillation of air through 
the mouth during resting ventilation. The resistance 
at 5  Hz (R5) reflects the total airway resistance, while 
that at 20  Hz (R20) reflects the central airway resist-
ance. Respiratory reactance (Xrs) is considered a lung 
compliance index but can be explained as an index of 
dynamic obstruction of the peripheral airways, reflecting 
increased air trapping [29]. Only a few papers on the use 
of FOT to monitor the effects of the treatment with a bio-
logical drug for asthma have been published in the past. 
Antonicelli et al. reported that FOT parameters showed 
statistically-significant changes from the third month of 
mepolizumab treatment in 18 patients with eosinophilic 
asthma [30]. For the first time, we monitored the effects 
of dupilumab using FOT in combination with spirometry 
and evaluated the correlation between the two modalities. 
R5, R20, X5, and Fres were significantly correlated with 
FEV1 before and three months after dupilumab admin-
istration, suggesting that both modalities can be useful 
for monitoring efficacy (Fig.  3). However, all indices of 
FOT showed a tendency of improvement from the third 
month without statistical significance (Fig.  2B). Higaki 
et  al. suggest that the long-term duration of asthma is 
associated with a reduction in the reversibility of airway 
resistance (R20) with bronchodilators in patients with 
mild to moderate asthma [31]. Thus, we need to evalu-
ate FOT in conjunction with spirometry because we may 
underestimate the value of FOT in patients with a long 
duration of asthma. FOT has been considered sensitive 
in detecting peripheral airway obstruction in asthma 
[32, 33]. Hsiao et  al. reported that asthmatic patients 
with respiratory symptoms who have normal spirometry 
may have small airway dysfunctions (SAD) and that IOS 
(especially reactance) can identify SAD more sensitively 
than spirometry [34]. Furthermore, in the present study, 
the improvement rate of R5 after three months of treat-
ment with dupilumab in patients with good FEV1/FVC 
was significantly higher than that of FEV1. Conversely, 
the improvement rate of FEV1 in patients with low FEV1/
FVC tended to be higher than that of R5. In summary, 
because of the difference in detection sensitivity between 
spirometry and FOT depending on the asthma duration 
and the respiratory functions, it is desirable to perform 
a combined assessment of spirometry and FOT for treat-
ment evaluation.

There are several limitations to this study. Because 
of the retrospective observational study, the present 
study could not be compared with the placebo control. 
In addition, although this study evaluated 50 patients 
primarily for the treatment effectiveness over three 

months, there were still 23 patients who were evaluated 
for testing after one year. The TRAVERSE study, which 
followed patients with asthma who had completed 
a clinical trial of dupilumab for an extended period, 
showed that the safety and efficacy of dupilumab in 
patients with severe asthma were maintained even 
after extending the treatment to 148 weeks [35]. In the 
present study involving mild to moderate asthma asso-
ciated with CSRwP, it will be essential to follow the out-
come in respiratory functions and symptoms for a more 
extended period.

This study is unique in that it examined the response 
of patients with well-controlled asthma to treatment, 
unlike previous studies that examined the effects of 
treatment with dupilumab in severe asthma patients. 
This study is also unique in that all patients had sinusi-
tis that was poorly controlled after sinusitis surgery 
alone, which is not possible in the usual practice of res-
piratory medicine alone. In summary, dupilumab ther-
apy not only has a marked effect on CRSwNP but may 
also improve respiratory functions and symptoms and 
reduce the dose of asthma treatment, even if comorbid 
asthma is not severe and is clinically controlled.
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