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Background: Having been approved for biological treatment of atopic dermatitis, dupilu-
mab has also been recently licensed as add-on therapy for severe asthma and nasal polyposis. 
With regard to the latter diseases, few real-life clinical investigations have been carried out to 
date.
Objective: The primary end point of this single-center observational study was to evaluate 
in a real-life setting the short-term therapeutic effects of dupilumab in patients with severe 
asthma and nasal polyposis.
Methods: At baseline and after 4 weeks of add-on therapy with dupilumab, several clinical 
and functional parameters were assessed in 20 patients with severe asthma and nasal 
polyposis, including both allergic and nonallergic subjects.
Results: After 4 weeks of treatment with dupilumab, all patients experienced remarkable 
improvement in both severe asthma and nasal polyposis. In particular, asthma-control test 
and sinonasal outcome test 22 scores had significantly increased (p<0.0001) and decreased 
(p<0.0001), respectively. Oral corticosteroid intake got to zero within 4 weeks (p<0.0001). 
Moreover, in week 4, significant increases were detected with regard to both prebronchodi-
lator forced expiratory volume in the first second (p<0.01) and forced vital capacity (FVC; 
p<0.05). At the same time point, dupilumab had significantly reduced residual volume 
(p<0.0001) and total lung capacity (p<0.001), whereas it had enhanced forced midexpiratory 
flow of 25%–75% FVC (p<0.01) and peak expiratory flow (p<0.01). After 4 weeks of 
treatment, dupilumab had also lowered levels of fractional exhaled nitric oxide (p<0.0001).
Conclusion: The results of this real-life study suggest that dupilumab can be utilized in both 
allergic and nonallergic patients with severe asthma and nasal polyposis as a valuable add-on 
biological therapy with rapid onset of action.
Keywords: severe asthma, nasal polyposis, interleukin 4 receptor, dupilumab

Introduction
Severe asthma is characterized by heterogeneous phenotypes underpinned by sev-
eral inflammatory patterns, which are driven by complex pathobiological mechan-
isms known as endotypes.1–3 Among the latter, two distinct entities have been 
identified and defined as type 2 (T2-high) or non–type 2 (T2-low) asthma, 
respectively.4–9 The most important cellular elements involved in the development, 
persistence, and amplification of type 2 asthma are T-helper 2 (Th2) lymphocytes 
and group 2 innate lymphoid cells (ILC2).10–13 Upon activation, Th2 and ILC2 cells 
release large amounts of IL4, IL13, and IL5.5,14 IL4 induces immunoglobulin class 
switching, thereby stimulating B lymphocytes to synthesize IgE.15 IL13 cooperates 
with IL4 in promoting IgE production, and is also responsible for bronchial 
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hyperresponsiveness, goblet-cell metaplasia, and prolifera-
tion of airway fibroblasts and smooth-muscle cells.16,17 

IL13 also upregulates the expression of the inducible iso-
form of nitric oxide synthase (iNOS), thus increasing the 
emission of NO from airway epithelial cells, as well as the 
levels of fractional NO in exhaled breath (FeNO).18 IL5 
plays a pivotal pathogenic role in eosinophilic inflamma-
tion by inducing the differentiation, survival, and activa-
tion of eosinophils.19

Therefore, high serum concentrations of IgE, minimum 
FeNO levels of 20–25 parts per billion (ppb), and blood 
eosinophils counts of at least 150–300 cells/μL are con-
sidered reliable biomarkers of T2-high asthma.2 Given the 
key biological links connecting these biomarkers with the 
aforementioned cytokines, it can be reasonably inferred 
that IL4, IL13, IL5, and their receptors represent suitable 
molecular targets for biological therapies for severe type 2 
asthma, refractory to both standard inhaled treatments and 
oral corticosteroids (OCS).20–22 Within such a therapeutic 
context, very interesting pharmacologic features character-
ize dupilumab, a fully human IgG4 monoclonal antibody 
that binds specifically to the α subunit of the IL4 receptor 
(IL4Rα).23 Because utilization of IL4Rα is shared by IL4 
and IL13, which activate the type I (IL4Rα/γc) and type II 
(IL4Rα/IL13Rα1) receptor dimers, respectively, dupilu-
mab behaves as a receptor antagonist of both these 
cytokines.24 Dupilumab has been recently evaluated by 
two phase III randomized clinical trials (RCTs; Liberty 
Asthma QUEST and Liberty Asthma VENTURE),25,26 

the results of which have led to the approval of this 
biologic for add-on treatment of type 2 severe asthma. 
Dupilumab has also been licensed for biological therapy 
of severe chronic rhinosinusitis with nasal polyps 
(CRSwNP), effectively treatable with this drug, as shown 
by two phase III RCTs: Liberty NP SINUS-24 and Liberty 
NP SINUS-52.27–29 However, because of the recent intro-
duction of dupilumab in clinical practice, few real-life 
studies have been published to date.30–32

Based on a real-world approach, we decided to inves-
tigate the short-term effects of dupilumab in patients with 
severe type 2 asthma and nasal polyposis. It has been 
shown that within 2 hours after the first administration, 
dupilumab effectively neutralized the functions of IL4Rα 
expressed by CD4+ T cells and CD19+ B cells, and this 
receptor blockade persisted stably during the following 4 
weeks.33 Therefore, the aim of our real-life, single-center 
study was to verify the rapidity of dupilumab therapeutic 
effects by evaluating at baseline and after 4 weeks of 

treatment several outcomes, including symptom control 
of severe asthma and CRSwNP, lung function, FeNO, 
and OCS consumption.

Methods
Study Design and End Points
We enrolled adult outpatients with severe eosinophilic 
asthma and nasal polyposis under treatment with dupilu-
mab. Twenty subjects were recruited, eleven women and 
nine men, with a mean age of 55.8±15.17 years and mean 
BMI of 26.55±5.68 kg/m2. Mean baseline FEV1 was 
67.8%±20.01% of predicted value. Fourteen participants 
had positive skin-prick tests for perennial and/or seasonal 
aeroallergens. All 20 enrolled patients were referred to the 
Respiratory Unit and the Otolaryngology Unit of Magna 
Graecia University Hospital in Catanzaro, Italy. They 
complained of persistent asthma symptoms and 
CRSwNP, and needed high dosages of inhaled CS (ICS)– 
long-acting β2-adrenergic agonist combinations, along 
with long-acting muscarinic antagonists (LAMAs). 
Fourteen patients had not been previously treated with 
biologics, and the other six underwent a washout period 
of at least 2 months before switching to dupilumab from 
previous ineffective biological therapies with omalizumab 
(three patients), mepolizumab (two patients), or benralizu-
mab (one patient). These patients were consecutively 
recruited at our University Clinical Center, and the only 
inclusion criteria regarded fulfilment of the items regulat-
ing eligibility for dupilumab treatment. CRSwNP was 
characterized by an eosinophilic pattern in all 20 patients. 
Skin-prick testing was performed by placing a drop of 
each allergen solution on the forearm marked by a skin 
marker pen, and every drop was pricked by a sterile lancet. 
Skin sensitivity was then determined by comparing the 
eventual reactive wheal with that produced by histamine.34 

Blood eosinophil and basophil counts were obtained using 
automated hematology analyzers.35,36

At baseline, all participants had blood eosinophil 
counts of at least 150 cells/μL and/or FeNO levels >25 
ppb, and/or required permanent or nearly continuous OCS 
treatment. All patients met the European Respiratory 
Society (ERS)/American Thoracic Society (ATS) criteria 
that define severe uncontrolled asthma.37 Study partici-
pants also reported a history of nasal polyposis, and a 
diagnosis of CRSwNP was obtained on the basis of clin-
ical symptoms, nasal endoscopy, and computed tomogra-
phy scans.38,39 Dupilumab was prescribed according to the 
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existing eligibility indications and administered subcuta-
neously at an initial dose of 600 mg (two injections of 300 
mg at different sites), followed by maintenance dosing of 
300 mg every 2 weeks.40 Baseline characteristics of 
patients are summarized in Table 1.

The main aim of this real-life investigation was to eval-
uate the effects of dupilumab on clinical, functional, and 
laboratory parameters. Asthma control test (ACT) scores, 
Sino-Nasal Outcome Test (SNOT-22) questionnaire scores, 
prednisone intake, forced expiratory volume in 1 second 
(FEV1), forced vital capacity (FVC), residual volume (RV), 
total lung capacity (TLC), forced midexpiratory flow of 
25%–75% FVC (FEF25–75), peak expiratory flow (PEF), 
FeNO levels, and blood eosinophil and basophil counts 
were assessed at baseline and 4 weeks after the first injection 
of dupilumab. Spirometry and body plethysmography were 
performed using the MasterScreen pulmonary function test-
ing system and MasterScreen Body (Jaeger-Viasys; 
CareFusion, Höchberg, Germany), according to ATS/ERS 
guidelines.41 FeNO levels were measured with a Vivatmo 
Pro FeNO device (Bosch, Waiblingen, Germany) in accor-
dance with ATS/ERS recommendations.42,43 For 2 hours 
after dupilumab administration, patients were monitored to 
detect the eventual onset of adverse reactions. Moreover, the 
possible occurrence of side effects was investigated through 
a once-weekly telephone call, as well as each time every 
patient underwent dupilumab injection.

This study met the standards of Good Clinical Practice 
and the principles of the Declaration of Helsinki. All 
patients signed a written informed consent. The study 
was also carried out in agreement with a statement from 
the local Ethical Committee of Calabria Region 
(Catanzaro, Italy; document 182–20th May 2021).

Statistical Analysis
All data are expressed as means ± SD if normally distributed 
and otherwise as medians with IQRs. Normality of data 
distribution was checked using the Anderson–Darling and 
Kolmogorov–Smirnov tests. Student’s t test and Mann– 
Whitney U test were used to compare variables when appro-
priate. p<0.05 (two-sided) was considered statistically sig-
nificant. Statistical analysis and figures were created using 
Prism 9.1.2 (GraphPad Software, San Diego, CA, USA).

Results
After 4 weeks of add-on therapy with dupilumab, ACT scores 
had significantly increased from a baseline value of 11.85 
±4.58 to 21.30±3.08 (p<0.0001, Figure 1A). When compared 
to the baseline measurement of 58.30±21.59, SNOT-22 scores 
had significantly lowered to 18.90±16.48 after 4 weeks 
(p<0.0001, Figure 1B). The better control of respiratory symp-
toms made it possible to quickly and progressively reduce 
OCS intake, which was eleminated after 4 weeks of treatment 
with dupilumab. In fact, within 4 weeks, median prednisone 
consumption fell from a baseline daily dosage of 12.5 (5–25) 
mg/day to 0 (0–0) mg/day (p<0.0001, Figure 1C).

In association with these relevant clinical outcomes, we 
detected parallel improvements in lung function. In parti-
cular, prebronchodilator FEV1 had improved from a base-
line mean of 2.04±0.94 L to 2.30±0.96 L after 4 weeks of 
add-on treatment with dupilumab (p<0.01, Figure 2A). 
Furthermore, when compared to baseline, at the week 4, 
FVC had significantly risen from 2.85±1.23 L to 3.14 
±1.37 L (p<0.05, Figure 2B). Dupilumab also induced a 
significant reduction in lung hyperinflation caused by air-
flow limitation. In comparison to baseline, 4 weeks after 
the first administration, median RV had significantly 
diminished from 2.78±0.83 L to 2.09±0.75 L (p<0.0001, 
Figure 2C). RV reduction was associated with a concomi-
tant decrease in TLC, which had declined from 5.93±1.58 
L at baseline to 5.47±1.51 L after 4 weeks (p<0.001, 
Figure 2D). In addition to such rapid and impressive 
deflating effects, we also observed that dupilumab had 
improved small-airway obstruction, with a significant 
increase in median FEF25–75 from 1.47±0.85 L/sec to 
1.80±0.86 L/sec (p<0.01, Figure 2E). In the same period, 
PEF had increased from 5.69±2.41 L/sec to 6.32±2.25 L/ 
sec (p<0.01, Figure 2F).

With regard to the effects on some biomarkers of type 
2 inflammation, in comparison to baseline, median FeNO 
levels had sharply decreased from 27.50 (15.25–33) ppb to 

Table 1 Baseline patient features

Age, mean ± SD, years 55.80±15.17
Age of asthma onset, mean ± SD, years 31.10±15.25

Duration of asthma, mean ± SD, years 24.80±13.60

Female sex, n (%) 11 (55)
Weight, mean ± SD, kg 70.20±14.64

Height, mean ± SD, cm 164.6±10.57

BMI, mean ± SD, kg/m2 26.55±5.68
FEV1, mean ± SD, % predicted 67.80±20.01

FEV1/FVC, mean ± SD, % 69.45±8.92

Atopic subjects, n (%) 14 (70)
Total serum IgE, median (IQR), IU/mL 473.7±669.5

Abbreviations: BMI, body-mass index; FEV1, forced expiratory volume in 1 sec-
ond; FVC, forced vital capacity.
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2.50 (0–6) ppb (p<0.0001) after 4 weeks of treatment with 
dupilumab (Figure 3A). Moreover, 4 weeks after the first 
dupilumab administration, median blood eosinophil and 
basophil counts did not significantly change with respect 
to baseline, fluctuating from 310 (192.5–524.3) cells/μL to 
325 (215–555) cells/μL (p=0.81, Figure 3B) and from 45 
(30–67.5) cells/μL to 50 (30–77.5) cells/μL (p=0.84, 
Figure 3C), respectively.

Side Effects
Add-on treatment with dupilumab was well tolerated, and 
no serious adverse reactions occurred throughout this 
study.

Discussion
Taken together, the results of this single-center observational 
study carried out in patients with severe asthma and nasal 

Figure 1 Clinical effects of dupilumab, with regard to ACT score (A), SNOT-22 score (B), and prednisone intake (C). ACT and SNOT-22 values expressed as means ± SD; 
prednisone intake expressed as medians (IQR). ****p<0.0001.

Figure 2 Functional effects of dupilumab with regard to FEV1 (A), FVC (B), RV (C), TLC (D), FEF25–75 (E), and PEF (F). All parameters expressed as means ± SD. *p<0.05; 
**p<0.01; ***p<0.001; ****p<0.0001.
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polyposis clearly indicate that dupilumab rapidly induced 
powerful beneficial effects. At 4 weeks after the first admin-
istration, this drug had exerted a positive impact on many 
clinical and functional parameters, as well as on relevant 
biomarkers of airway type 2 inflammation. Therefore, such 
findings further corroborate in a real-world setting and in a 
short time previous data reported by several RCTs and pre-
liminary real-life investigations.25–27,30–32

After 4 weeks of treatment, mean ACT score signifi-
cantly increased in comparison to the low baseline mea-
surement, thus rapidly overcoming the critical threshold 
of 20, which reflects adequate asthma control.44 This 
result is consistent with similar data reported by the 
Liberty Asthma QUEST trial, which showed a very 
quick improvement in the Asthma Control 
Questionnaire (ACQ-5) scores already detectable at 
week 2 of add-on biological therapy with dupilumab.25 

However, within a real-life context, the ACQ can be 
usefully substituted by the ACT, which is likely more 
understandable and easier to be filled in by asthmatic 
patients routinely referring to clinical centers, who are 
less strictly monitored than their counterparts enrolled in 
RCTs.45 In fact, the ACT rather than the ACQ has been 
used in recent real-world studies with the aim of verifying 
the therapeutic effectiveness of dupilumab in providing 
satisfactory control of severe asthma symptoms.30–32 We 
noticed that the marked improvement in asthma control 
quickly elicited by dupilumab allowed a fast and progres-
sive tapering of prednisone dosage, which within only 4 
weeks culminated in a complete withdrawal of OCS treat-
ment, more quickly than that observed in the Liberty 
Asthma VENTURE study, thereby confirming that real- 
life findings can be even better than those of RCTs.26,30 

The suspension of OCS intake is very important for 
patients with severe asthma, a majority of whom are 
OCS-dependent and exposed to the negative side effects 
of OCSs, including adrenal insufficiency, respiratory 
infections, diabetes, hypertension, osteoporosis, glau-
coma, and cataracts.46,47 In our patients with severe 
asthma and CRSwNP, amelioration of clinical symptoms 
also involved upper airways, as shown by the significant 
decrease in SNOT-22 scores. This improvement in nasal 
symptoms confirmed the results of RCTs, thus reiterating 
the efficacy of dupilumab in the treatment of 
CRSwNP.27,48 We plan to further corroborate and extend 
these results by evaluating in future studies the effects of 
dupilumab on a numeric rating scale, endoscopic nasal 
polyp score, resistance of nasal cavity, and Lund–Mackay 
computed tomography score.

With regard to lung function, dupilumab rapidly 
improved airflow limitation in both large and small air-
ways by significantly enhancing prebronchodilator FEV1, 
FVC, FEF25–75, and PEF. Consistently with both RCT and 
preliminary real-life observations,25,26,30–32 FEV1 increase 
was remarkable, and after just 4 weeks had neared 300 
mL. Interestingly, in our severe asthmatic patients, dupi-
lumab also exerted a fast and effective deflating action, 
demonstrated by the marked reduction in RV and TLC. 
This therapeutic effect is very important in severe asthma. 
Differently from mild–moderate disease, severe asthma is 
frequently characterized by relevant degrees of lung 
hyperinflation.49

In relation to the effects of dupilumab on biomarkers of 
type 2 airway inflammation, we found that this monoclo-
nal antibody was able to induce a quick and sharp drop in 
FeNO levels. Through its peculiar dual-receptor 

Figure 3 Effects of dupilumab on biomarkers with regard to FeNO (A), blood eosinophils (B), and blood basophils (C). All parameters expressed as medians (IQR). 
****p<0.0001.
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antagonism, dupilumab neutralizes the stimulatory actions 
of IL4 and especially IL13 on iNOS expression at the level 
of the bronchial epithelium.50,51 FeNO is a useful biomar-
ker of type 2 asthma, the levels of which correlate with 
disease severity, lung-function deterioration, and exacer-
bation risk.52 In addition, FeNO is a reliable tool in choos-
ing tailored biological therapies for severe asthma and 
monitoring the effects of such treatments.53 With regard 
to observational investigations like ours, FeNO can thus be 
considered a valuable predictor of therapeutic response to 
dupilumab detectable in patients with severe asthma, as 
well as a good biological indicator associated with the 
clinical and functional outcomes evaluated in these sub-
jects. Differently from FeNO, we did not detect any 
change induced by dupilumab on blood counts of eosino-
phils and basophils. These results can be reasonably 
explained by the distinct biological actions of the various 
type 2 cytokines. Dupilumab suppresses the functions of 
IL4 and IL13, which are the main inducers of NO produc-
tion. Blood and airway eosinophilia are predominantly 
promoted by IL5, which is not a target of dupilumab. On 
the other hand, given the small size of our study popula-
tion, the lack of dupilumab effects on blood eosinophils is 
not surprising. Indeed, the results reported by two relevant 
RCTs showed that dupilumab increased blood-eosinophil 
numbers in relatively low percentages of treated patients, 
amounting to 4.1% (versus 0.6% with placebo) and 14% 
(versus 1% with placebo) in the Liberty Asthma QUEST 
and Liberty Asthma VENTURE trials, respectively.25,26

Another interesting aspect of our present real-life experi-
ence is the mixed nature of the study population, which 
included atopic and nonatopic patients. In both these sub-
groups, very relevant clinical and functional effects were 
rapidly elicited by dupilumab, due to its capacity to interfere 
with allergic and nonallergic pathways underlying type 2 
immunomechanisms implicated in airway inflammation. By 
impeding stimulation of IL4 and IL13 receptors, dupilumab 
inhibits the bioactivities of the main cellular sources of these 
cytokines, namely Th2 and ILC2 cells.5 ILC2 and Th2 cells are 
the key players in the integrated cross talk between innate and 
adaptive immunoresponses underpinning atopic and nonatopic 
asthma.6,12,54 Hence, by dampening such cellular and mole-
cular circuits, dupilumab can extend its therapeutic actions on 
both upper and lower airways, given the common pathogenic 
mechanisms shared by type 2 asthma and CRSwNP.54,55

In our opinion, the most relevant finding of this real- 
life study refers to the fast onset of the therapeutic effects 
of dupilumab. In relation to such a pharmacodynamic 

pattern, our patients behaved as a quite homogeneous 
group, highly responsive to the very quick benefits pro-
vided by dupilumab. This therapeutic celerity was particu-
larly valuable for those subjects who did not respond 
satisfactorily to previous biological treatments. It is likely 
that the early responsiveness experienced by our patients 
to dupilumab depends on high expression levels of both 
IL4 and IL13, whose biological actions can be promptly 
blocked by this monoclonal antibody on several immune/ 
inflammatory cells.33

In conclusion, we herein show in a real-world setting 
that within 4 weeks of treatment, dupilumab induced in 
patients with severe asthma and nasal polyposis several 
therapeutic benefits, including significant improvements 
in symptom control and lung function associated with a 
drastic reduction in a viable biomarker of type 2 airway 
inflammation, such as FeNO. In our opinion, the main 
strengths of this observational investigation are demon-
stration of the valuable rapidity of the therapeutic effects 
prompted by dupilumab with regard to both bronchial 
and nasal symptoms, assessment of the inhibitory action 
exerted by dupilumab on lung hyperinflation, detection 
of similar therapeutic effects in both allergic and non-
allergic subjects, and good short-term profile for the 
safety and tolerability of dupilumab. On the other hand, 
the most important limitations are quite common to other 
single-center real-life studies, and include the relatively 
low number of enrolled patients, as well the lack of 
randomization design and placebo control.
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