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asthma; Background: Dupilumab is a new biological drug approved for the treatment of type 2 inflam-
dupilumab; matory diseases, such as asthma. Dupilumab is a fully humanized monoclonal antibody that
children; acts against both interleukin-4 and interleukin-13 receptors. This study evaluated the time-
asthma control; dependent effect of dupilumab on asthma exacerbations and quality of life in adolescents with
quality of life uncontrolled severe asthma.

Materials and Methods: Five adolescents suffering from uncontrolled severe asthma and
treated with dupilumab were recruited. All subjects were evaluated for 4, 12, and 24 weeks
after the first dose of dupilumab. Outcome measures included lung function, fractional
exhaled nitric oxide, asthma control and quality of life assessed by validated questionnaires
(Asthma Control Test and Asthma Control Questionnaire).

Results: The quality of life improved quickly after 4 weeks of treatment and 80% of adoles-
cents halved the dose of inhaled corticosteroids necessary to control asthma symptoms. These
results were still maintained for 24 weeks after start of the therapy. None of the patients had
any asthma exacerbation during the study period.

Conclusion: Results of this study demonstrated that dupilumab was quickly effective to reduce
asthma exacerbation and ameliorate quality of life in severe asthmatic adolescents.
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Introduction

Asthma is one of the most frequent chronic respiratory dis-
eases in children and is often associated with other con-
ditions, such as allergic rhinoconjunctivitis"? and atopic
dermatitis.>*

Biological drugs represent a therapeutic innovation that
has revolutionized approach toward patients with severe
asthma. ‘Severe asthma’ is the asthma that is uncontrolled
despite adherence to maximal optimized high-dose inhaled
corticosteroids (ICSs) and long-acting beta2-agonists (LABA)
treatment and management of contributing factors, or the
one that worsens when high-dose treatment is reduced.>"
Prevalence of severe childhood asthma is estimated to be
around 5% among patients with asthma. 2"

According to the Global Initiative for Asthma (GINA)
2022 guidelines, in adolescents and children with severe
uncontrolled asthma or requiring frequent or continuous
use of oral corticosteroids (OCSs), which corresponds to
step 5 of the guidelines, the addition of a biological drug
could be considered.’®" The lowering of OCS is a favorable
outcome, because OCS can have both short- and long-term
negative effects in children.?

Biological drugs currently available in Italy for severe
childhood asthma are omalizumab, mepolizumab, and dup-
ilumab, although only reslizumab is approved by European
Medicine Agency (EMA).?" In Italy, dupilumab is approved
by Agenzia Italiana del Farmaco (AIFA) for the treatment
of asthma in adults and adolescents aged >12 years as an
add-on maintenance treatment for severe asthma with
type 2 inflammation. AIFA approved dupilumab for children
aged >12 years having severe asthma with type 2 inflam-
mation characterized by elevated blood eosinophils and/or
elevated fractional exhaled nitric oxide (FeNO), and whose
condition is not adequately controlled by medium to high
doses of ICSs plus another medication as a maintenance
treatment. Recently, AIFA approved dupilumab also for
children aged >6 years.??

Dupilumab is a fully human monoclonal antibody that
inhibits signal transduction of interleukin 4 (IL-4) through
type | receptor IL-4Ra/yc, type Il receptor IL-4Ra, and
interleukin 13 (IL-13) through type Il receptor IL-13Ra.?
IL-4 and IL-13 play a key role in the pathogenesis of helper
T cell (Th2) diseases, either allergic or nonallergic, from
sensitization toward environmental antigens to the main-
tenance of inflammation to bronchial remodeling. IL-4 is
implicated in naive T polarization in Th2 and in the syn-
thesis of immunoglobulin E (IgE), while IL-13 has a specific
role in mucus production and fibrosis induction. Both IL-4
and IL-13 influence eosinophilic inflammation and genesis
of bronchial hyperresponsiveness. They also influence the
collection of antigens by dendritic cells and their migra-
tion into lymph nodes, where they trigger differentiation
of ThO lymphocytes in Th2 disease in the presence of IL-4.
IL-4 is also required for switching B lymphocytes and pro-
ducing IgE.?*?> IL-4 and IL-13 act on R1 and R2 receptors.
The R1 receptor is stimulated solely by IL-4 and is formed
by two chains IL-4Ra/ Yc whereas receptor R2 is formed by
two chains IL-4Ra/IL-13Ral; therefore, both receptors have
a common chain, IL4Ra (Figure 1).2677

Dupilumab is available as prefilled syringes for subcu-
taneous administration. The recommended regimen for
teenagers aged 12-18 years with severe asthma and who
are on OCSs, or for patients with severe asthma and having
comorbid moderate-to-severe atopic dermatitis, or adults
with comorbid severe chronic rhinosinusitis with nasal pol-
yposis, is as follows: an initial dose of 600 mg (two 300-mg
injections), followed by 300 mg every other week admin-
istered as subcutaneous injection. For all other patients,
dupilumab regimen includes an initial dose of 400 mg (two
200-mg injections), followed by 200 mg every other week
administered as subcutaneous injection.?’2

Controlling asthma is a key objective of asthma ther-
apy. A quick and effective method for determining asthma
control is to use a validated, standardized questionnaire.?
The efficacy of the Asthma Control Questionnaire (ACQ-7)
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Figure 1 Mechanism of action of dupilumab.
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and Asthma Control Test (ACT) has been assessed by sev-
eral studies.?”3" Evidence suggests that ACT score closely
correlates with ACQ score, lung function, asthma-related
quality of life (QoL), rescue medication use, exacerbations,
sleep quality, and work/school performance.’? Both ACQ-7
and ACT allow to classify significantly more patients as hav-
ing uncontrolled asthma compared to the GINA criteria.®
The aim of the study was to evaluate the time-
dependent effect of dupilumab on asthma exacerbations
and QoL in adolescents with uncontrolled severe asthma.

Materials and Methods
Patients

We selected five adolescents suffering from uncontrolled
severe asthma and treated with dupilumab. None of the
enrolled patients had a history of previous use of bio-
logic drugs. Age of the enrolled patients ranged from 12
to 18 years; all had asthma onset within the first 6 years
of life and had sensitization to inhalant allergens, such as
pollen or dust mites. All enrolled patients had high levels
of peripheral eosinophilia (>150/mL and <1500/mL) and/or
FeNO > 25 ppb. All enrolled patients had a clinical back-
ground characterized by severe asthma, with frequent
exacerbations during the last year, and allergic rhinitis
being treated with antihistamines and mometasone nasal
spray. The subjects were treated with high doses of ICS
combined with LABA and addition of montelukast.

Study Design

All the patients met eligibility criteria for starting treat-
ment with dupilumab. Patient eligibility criteria included
severe and frequent exacerbations during the last year of
therapy, high levels of peripheral eosinophilia (~150/mL and
<1500/mL) and/or FeNO > 25 ppb, and the need to use OCS
for asthma control. Informed consent was obtained from all
subjects involved in the study. Our study was a retrospec-
tive research conducted in accordance with the Declaration
of Helsinki, and was approved by the Institutional Review
Board (or Ethics Committee) of University of Campania
“Luigi Vanvitelli.”

We conducted follow-up evaluations of patients who
received dupilumab treatment at 4, 12, and 24 weeks after
initiation of treatment. At each follow-up visit, we assessed
asthma exacerbations, ICS dose, and asthma control using
both ACT and ACQ-7. The ACT measures clinical symptoms,
activity limitations, short-acting B2-agonist use, and air-
way narrowing. The ACQ-7 consists of seven items, which
included five items for symptoms, one for rescue broncho-
dilator use, and one for forced expiratory volume in 1 s
(Fev,% of predicted normal).

Study Endpoint

The endpoint of the study was to evaluate the time-
dependent effect of dupilumab on asthma exacerbations
and QoL in adolescents with uncontrolled severe asthma.

Statistical Analysis

For the construction of database and for the analysis of
data, all continuous variables were tested for normality
according to the Shapiro-Wilk test. Differences for not-
normally distributed continuous variables were inves-
tigated by the Friedman test. Data were expressed as
median and interquartile range (IQR). P < 0.05 was con-
sidered as statistically significant. All analyses were per-
formed using GraphPad Prism version 8.0.2 for Windows
(GraphPad Software, San Diego, CA, US).

Results

None of the subjects included in the study and followed
had any asthma exacerbations after starting the treatment.

After 4 weeks of therapy, all subjects showed improve-
ment in both ACT and ACQ-7 scores but without statistical
significance. However, both ACT and ACQ-7 scores demon-
strated statistically significant improvement compared to
basal values after 12 and 24 weeks of treatment (Figures 2
and 3).

In the same manner, Fev, demonstrated statistically sig-
nificant increase versus basal values after 12 and 24 weeks
of treatment (Figure 4).

Moreover, after 4 weeks of therapy, 80% of subjects
halved their ICS dose (Figure 5), and after 12 weeks, 60% of
patients discontinued LABA treatment (Figure 6).
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Figure 2 Changes in asthma control test (ACT) score before
treatment and after 4, 12, and 24 weeks. *P < 0.05; **P < 0.01.

Asthma Control Questionnaire-7
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Score ACQ-7

Figure 3 Changes in ACQ-7 score before treatment and after
4, 12, and 24 weeks. ACQ-7: Asthma Control questionnaire;
*P < 0.05; **P < 0.01; TO: before treatment; T1: after 4 weeks;
T2: after 12 weeks; T3: after 24 weeks.
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Figure 4 Changes in Fev, before and after 4, 12, and 24
weeks of treatment. Fev,: forced expiratory volume in 1 s;
‘P < 0.05; “P < 0.01.
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Figure 5 Changes in dose of inhaled corticosteroids (ICSs)
before and after 4, 12, and 24 weeks of treatment. TO: before
treatment; T1: after 4 weeks; T2: after 12 weeks; T3: after 24
weeks.
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Figure 6 Changes in long-acting beta2-agonists (LABA)
before and after 4, 12, and 24 weeks of treatment. TO: before
treatment; T1: after 4 weeks; T2: after 12 weeks; T3: after 24
weeks.

1 = Patient needs LABA
0 = No patient needs LABA
P <0.01

After 24 weeks of treatment, all patients halved their
ICS dose and discontinued LABA. Moreover, they achieved
a good control over asthma assessed by ACT and ACQ-7
scores.

The statistical evaluation using the Friedman test at
the 4-, 12-, and 24-week control was significant for all the
outcomes analyzed, with P < 0.0001 for ACT and ACQ-7. For
the values of Fev,, P < 0.0001, and for the data concerning
the use of ICS and LABA, P < 0.01.

All endpoints were assessed by multiple comparison of
Friedman'’s test before and after 12 and 24 weeks of treat-
ment. We discovered that changes from baseline in ACT
score at week 12 and week 24 showed statistically signif-
icant amelioration with dupilumab treatment (ACT before
treatment, median 14 (3.5-16) versus ACT after 12 weeks,
median 23 (19.5-25), P = 0.04. ACT before treatment,
median 14 (3.5-16) versus ACT after 24 weeks, median 25
(23.5-25), P =0.003).

The changes from baseline in ACQ-7 score at week
12 and week 24 demonstrated statistically significant
amelioration with dupilumab treatment. ACQ-7 before
treatment, median 2,28 (1.14-2.49) versus ACQ-7 after
12 weeks, median 0 (0-0.14), P = 0.01. ACQ-7 before treat-
ment, median 2,28 (1.14-2.49) versus ACQ-7 after 24 weeks,
median 0 (0-0), P =0.01.

The changes from baseline in Fev, score at week 12 and
week 24 demonstrated statistically significant ameliora-
tion with dupilumab treatment. Fev, before treatment,
median 92 (79-97) versus Fev, after 12 weeks, median 108
(99.5-123), P = 0.04. Fev, before treatment, median 92
(79-97) versus Fev, after 24 weeks, median 108 (102-125),
P = 0.003. We evaluated FeNO values during control to
assess the level of bronchial inflammation with dupilumab
therapy. We observed that, with only two exceptions, the
FeNO values have stayed roughly constant over the course
of the treatment because of the reduced intake of ICS;
Specifically, the two patients had an increase of about
10 ppb in FeNO, compared to pre-treatment values, return-
ing to pre-treatment values during control at 24 weeks.

Finally, none of patients had adverse effect to the
treatment during the study period.

Discussion

Our data demonstrated that dupilumab ameliorated asthma
control, assessed by ACQ-7 and ACT, and respiratory func-
tion assessed by Fev, in adolescents with severe asthma
during 12 weeks period. At the same time, the ICS dose
halved after 4 weeks of treatment in almost all patients,
and LABA dose was reduced by 60% after 12 weeks of
treatment.

These findings were consistent with those reported
by other investigations and showed endpoint achievement
earlier compared to the results of other studies. In a retro-
spective study conducted by Dupin et al., comprising adult
population with severe uncontrolled asthma, treated with
dupilumab, after 1 year, the median Fev, increased from
58% (47-75) to 68% (58-88) (P = 0.001), the median ACT
score increased from 14 (7-16) to 22 (17-24) (P = 0.001), and
the daily prednisone dose decreased from 20 mg/day (10-
30) to 5 mg/day (0-7) (P = 0.001). Exacerbations per year
decreased from 4 (2-7) to 1 (0-2) (P = 0.001).3*

In a Japanese study conducted by Numata et al., com-
prising adult patients with severe asthma (10 patients
received dupilumab as the first biologic and 16 patients
switched to dupilumab from other biologics), during a
mean follow-up period of 12.6 months, dupilumab treat-
ment significantly reduced the number of exacerbations
per year from 3.4 + 4.1 to 1.6 + 2.7 (P < 0.01). The ACT
score significantly improved in all patients by 6 months
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after administration of dupilumab, but tended to worsen by
24 months in patients with previous biologic use. Adverse
events included wheezing immediately after injection,
hypereosinophilia, mild conjunctivitis, and relapse of
chronic eosinophilic pneumonia in patients switching from
benralizumab.

In a cohort of 18 Italian patients with severe asthma
(mean age 53.3 + 12.4 vyears, 66.7% females), after
3 months of dupilumab therapy, ACT score improved sig-
nificantly (from 15.7 + 5.1 to 18.8 + 4.8, P = 0.023), intake
of OCSs was reduced significantly (10 (5-25) mg/day to
0 (0-5) mg/day, P =0.0333), and FeNO levels also decreased
from 25 (20-80) ppb to 21 (10.9-55.3) ppb (P = 0.0190).%¢
After 12 months, a statistically significant decrease was
observed in the number of exacerbations from two to
zero (P < 0.0068); Fev,% increased from 73.5 + 19.5% to
87.1 + 19.2% (P = 0.0407); and reduced intake of OCS was
observed in all the patients (P < 0.0001).3¢

It has been demonstrated that reducing OCS intake is
an achievable outcome in patient with severe uncontrolled
asthma treated with dupilumab or other biologic drugs.3¢3#
On the other hand, reduction in ICS intake must be consid-
ered with caution, because it could lead to clinical wors-
ening of condition. Although currently, little evidence is
discovered in the literature, we were able to avoid the use
of OCS therapy, and after 24 weeks of treatment, we grad-
ually reduced the dose of ICS by half from the initial dose
without clinical worsening.

A case-control study was conducted by Maspero et al.
comprising 1902 patients, including 107 adolescents, with
moderate-to-severe uncontrolled asthma receiving con-
tinuous treatment with ICS plus one or two other asthma
medicines. Compared to placebo, changes in Fev, at week
12 from baseline showed significant amelioration with both
dupilumab 200 mg (0.37 L; 95% confidence interval [95%
Cl]: 0.13-0.61; P = 0.003) and 300 mg (0.27 L; 95% CI: 0.02-
0.52; P = 0.037) in adolescents. In comparison to adults,
adolescents showed better results in terms of lung func-
tion and proportion of severe exacerbations. By week 52,
dupilumab significantly improved ACQ-5 scores, compared
to placebo.” The level of Fev, improvement was greater in
80% of teenage patients with increased baseline Th2 bio-
marker levels treated with dupilumab 200 mg (0.43 L; 95%
Cl: 0.17-0.69; P = 0.002), compared to intention-to-treat
(ITT) subgroup.

Compared to our trial, although Maspero et al. study
was a case-control study and the applied questionnaire
was ACQ-5, the results demonstrated similar and significant
findings regarding improvement in Fev, (both findings at
12 weeks), while improvement of ACQ-5 scores versus pla-
cebo was observed at by week 52.

In a systematic review conducted by Agache et al.,
including three randomized control trials (RCTs), approx-
imately 2735 subjects aged >12 years were followed up
for 24-52 weeks.*® Dupilumab reduced both severe asthma
exacerbations (incidence rate ratio 0.51; 95% Cl: 0.45-
0.59) and percentage of OCS use (mean difference [MD]:
-28.2 mg/day; 95% Cl: 40.7-15.7). The results showed ame-
lioration in asthma control (ACQ-5), Asthma Quality of Life
Questionnaire (AQLQ) score, and use of rescue medication
(puffs/die) with the following estimates: rescue medicine
(MD: 0.35; 95% Cl: 0.73-+0.02], AQLQ (MD: +0.28; 95% Cl:

0.20-0.37), and ACQ-5 (MD: 0.28; 95% Cl: 0.39-0.17). Fev,
also increased (MD: +0.15, 95% Cl: +0.11-+0.18).38

In a TRAVERSE study consisting of 27 countries to
assess the safety and efficacy of dupilumab in adults and
adolescents with moderate-to-severe or OCSs-dependent
severe asthma for 148 weeks, the most frequently reported
adverse events were nasopharyngitis, injection-site ery-
thema, and bronchitis; serious asthma exacerbations
were determined in 0.5-3.6% patients and pneumonia
occurred only in 0.7-2.7% patients. Rapid ameliorations
were observed in pre-bronchodilator Fev, and ACQ-5 and
AQLQ scores; blood eosinophils and serum total IgE also
decreased progressively.®

Dupilumab lowers the rate of severe exacerbations,
enhances Fev, and asthma control, and suppresses type 2
inflammatory biomarkers in patients with both allergic and
nonallergic asthma.* Unlike in other trials, in our study we
did not notice conjunctivitis in any treated patients.**
Currently, we discovered no evidence to indicate the dis-
continuation of dupilumab therapy. In our opinion, further
prospective studies are required to determine the safe dis-
continuation of treatment with dupilumab and other bio-
logical drugs. Our study is one of the few studies that have
analyzed the time-dependent effect of dupilumab on asth-
matic exacerbations, asthma control, lung function, and
FeNO in adolescents.® The limitation of our study is the less
number of patients included and its retrospective design.

Conclusions

The preliminary results demonstrate that dupilumab is
speedily effective in treating severe asthma in adolescents
and its fast action could be useful for a better compliance
to this treatment.
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