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ABSTRACT

Objectives: For nearly 3 years, the monoclonal antibody dupilumab has been approved in
Germany for the treatment of patients with chronic rhinosinusitis with nasal polyps (CRSwWNP).
Although efficacy has been demonstrated in large double-blind, placebo-controlled clinical trials,
few reports of real-world data on this therapy have been published to date.

Methods: Patients with an indication for treatment with dupilumab for CRSWNP were included in
the study and followed up every 3 months for a period of 1 year. At the baseline visit, demographic
data, medical history, comorbidities, nasal polyp score, disease-related quality of life (SNOT-22),
nasal congestion, and sense of smell (VAS and Sniffin Sticks test) were recorded. In addition, total
blood eosinophil counts and serum total IgE were measured. During follow-up, all of the described
parameters and possible adverse events were recorded.

Results: Eighty-one patients were enrolled in the study, of whom 68 patients were still receiving
dupilumab after 1 year of follow-up. Eight patients discontinued therapy, with only 1 patient
discontinuing due to severe side effects. The Polyp score decreased substantially during follow-up,
and parameters for disease-related quality of life and sense of smell increased significantly. Total
IgE levels decreased significantly, and eosinophils leveled off at baseline after an initial increase
after three months of therapy. No clinical data could be identified to a priori predict a treatment
response.

Conclusions: Dupilumab shows effectiveness and safety in the treatment of CRSWNP under real-
world conditions. More research on systemic biomarkers and clinical parameters to predict
treatment response is necessary.
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INTRODUCTION

Chronic rhinosinusitis (CRS) is one of the most
common chronic diseases of the upper respiratory
tract with an extremely heterogeneous clinical pre-
sentation and a high socioeconomic impact.’?
Clinically, CRS is divided into 2 phenotypes, CRS
with nasal polyposis (CRSWNP) and CRS without
nasal  polyposis (CRSsNP). The increasing
understanding of the pathomechanisms of CRS in
recent years has led to a classification into 3
primary endotypes of inflammation usually
associated with physiologic immune responses
across mucosal boundaries. Type 1 responses are
physiologically  directed against intracellular
pathogens, primarily viruses, and are characterized
by elevated levels of IFN-y. Type 2 responses are
directed against large extracellular parasites. IL-17
and IL-22 are increased in type 3 reactions, which
are directed against extracellular bacteria and fungi.
In CRS, a chronic activation of 1 or more of these
signaling pathways can be found in sinus tissue.® In
approximately 80% of caucasian patients with
CRSwNP the disease is caused by a type-2 inflamma
tion.”* A Type 2 inflammation is characterized by an
elevation of cytokines, such as interleukin (IL)-4, IL-5
and IL-13, and an activation and recruitment of eo-
sinophils and mast cells. Patients with a type 2 endo
type tend to be much more resistant to traditional
therapies, exhibiting a high recurrence rate when
compared with pure type 1 or 3 endotypes.®

In November 2019, German health authorities
approved the first monoclonal antibody, which
interferes with the inflammatory pathway of type 2
inflammation, for the treatment of CRSwNP.®
Dupilumab is a monoclonal antibody that binds
to the alpha subunit of the IL-4 receptor and
thereby blocks signaling of the IL-4 and IL-13
pathways.®

Phase Il trials have described substantial
improvement in patients’ symptoms under anti-
body therapy.”'® The wuse of antibodies
represents a milestone in the treatment of this
disease, which in recent decades could only be
treated with  topical and/or  systemic
corticosteroids, nasal irrigation, and repetitive
functional endoscopic sinus surgery in cases of
recurrent disease.

Phase lll trials that lead to the approval of this
antibody therapy provide robust evidence for its

clinical efficacy and safety. However, the internal
validity attained in these trials is often achieved at
the expense of uncertainty about generalizability,
especially since the populations enrolled in such
studies may differ in significant ways from those
seen in practice.’” The aim of this real-world
observational study was to investigate the effec-
tiveness and possible side effects of the mono-
clonal antibody dupilumab in a cohort of patients
treated for one year under real-life conditions ac-
cording to the recommendations of the European
Position Paper on Rhinosinusitis and Nasal Polyps
2020 (EPOS 2020) for therapy with biologics.®

Material and methods

The research protocol for this prospective study
was approved by the institutional ethics committee
(University of Tibingen #873/2018B0O2). The study
population included patients with CRSWNP who
underwent therapy with the monoclonal antibody
dupilumab in the Department of Otorhinolaryn-
gology and Head and Neck Surgery at the Uni-
versity Medical Center of University of Tibingen,
Germany and were able to give informed consent
prior to the planned therapy. Patients were treated
with 300 mg of subcutaneous dupilumab every 2
weeks as an add-on therapy to intranasal cortico-
steroids according to the drug approval regula-
tions in Germany. Demographic characteristics
were recorded at study enrollment and patients
were followed up every 3 months for a total period
of 1 year. The decision for treatment with the
monoclonal antibody was in accordance with the
current EPOS 2020 recommendations.® The
SNOT-22 questionnaires on quality of life'? and
symptom control, as well as a self-assessment of
nasal congestion using a visual analog scale (VAS),
were answered by the patients. If the patients had
comorbid asthma, the GINA score was evalu-
ated.”® Subjective impairment due to loss of smell
was additionally evaluated by a VAS. In addition to
the questionnaires, a clinical examination was
conducted at every timepoint, and the bilateral
endoscopic nasal polyp score (NPS) was
recorded.” The NPS was scored by 2
independent investigators at each time point.
Every visit included an odor test with the 12-item
Sniffin’ sticks test.'® Furthermore, total blood
eosinophils and total IgE in serum were
determined.
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_ Completed Therapy Change/Stop
Total (n = 81) (n = 68) (n = 13)

Age - yr 49.72 + 14,2 4981 + 12.58 46.46 + 18.4
Sex, Female, n (%) 39 (48.15%) 32 (47.06%) 7 (53.85%)
Time since most recent polyp surgery 444 + 3.9 4.39 + 3.65 4.85 + 5.65
(y)
Nasal-Polyp surgery

> 1 previous surgery 81 (100%) 68 (100%) 3 (100%)

> 3 previous surgery 52 (64.2%) 45 (66.18%) (53 85%)

> 5 previous surgery 11 (13.6%) 9 (13.24%) 2 (15 38%)
Systemic corticosteroid in the last 2 60 (74.1%) 49 (72.1%) 1(84.6%)
Aspirin desensitization 1(13.58%) 9 (13.24%) 2 (15.38%)
SNOT-22 total score before therapy 55.04 £ 16.9 53.74 £ 17.62 60.38 £ 11.17
VAS nasal congestion before therapy 6.36 + 2.6 6.32 + 2.66 6.28 + 2.25
(scale 0-10)
GINA Score in patients with comorbid 2.7 +£1.07 271 £1.07 2.63+1.19
asthma before therapy
NPS before therapy (scale 0-8) 5.31 + 1.87 5.44 + 1.79 462 +2.18
Smell-VAS initial .14 +£1.79 9.16 + 1.85 9.03 + 1.51
Smell Test Score (Sniffin’ sticks 247 £ 2.79 226 +272 2.85 + 3.05

screening Test, Scale 0-12)
Baseline Blood IgE (IU/ml)
Baseline Blood eosinophils (n/pl)

Other biologicals before treatment with
dupilumab

267.19 + 405.64
472.49 + 401.15
3 (3.7%)

251.43 + 339.46
475.51 £ 397.39
3 (4.41%)

260.81 + 741.37
456.92 + 436.51
0 (0%)

Comorbidity, n (%) 78 (96.3%) 67 (98.53%) 1(84.62%)
Non 3(3.7%) 1(1.47%) 2 (15.38%)
Allergic Rhinitis intermittent 4 (29.63%) 19 (27.94%) 5 (38.46%)
Allergic Rhinitis persistent 8 (22.22%) 18 (26.47%) 0 (0%)

Other Allergy (Food/Medication) 9 (23.46%) 14 (20.59%) 5 (38.46%)
NSAID intolerance 6 (44.44%) 30 (44.12%) 6 (46.15%)
Asthma 61 (75.31%) 53 (77.94%) 8 (61.54%)

Table 1. Descriptive characteristics of the total study population (n = 81) as well as the subgroups “completed”, with no change of therapy
for one year (n = 68) and “therapy changed” (n = 13). Data shown as mean value + standard deviation and percentages in brackets

Statistical analysis for paired data was per-
formed using Student’s t-test for parametric data
and Wilcoxon matches pairs single rank test for
nonparametric data. For unpaired tests, Mann-

Whitney test was performed. P values < 0.05
were accepted to indicate statistical significance.
Unless stated otherwise, data are presented as the
means with standard deviations.
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RESULTS
Clinical characteristics of patients

During the observation period, 81 patients with
uncontrolled CRSWNP were treated. From initia-
tion of the treatment, patients were followed up for
1 year. After 1 year of follow up, 68 (83.95%) of the
initial 81 patients were still receiving dupilumab.
Eight patients (9.9%) discontinued therapy with
dupilumab because of side effects, 1 patient due
to severe side effects. In 5 patients, therapy was
switched to another biologic due to an inadequate
response to therapy.

The demographic characteristics and clinical
baseline values obtained from the complete
cohort as well as the characteristics of the sub-
groups of patients who were treated the whole
year with dupilumab and the subgroup that
stopped therapy are shown in Table 1. No
significant differences were found between the
two subgroups in terms of clinical or
demographic characteristics.

Evaluation of clinical parameters

SNOT-22 questionnaire

The SNOT-22 questionnaire consists of 22
questions about rhinosinusitis-specific symptoms
and health-related quality of life (HRQL). Patients
were asked to answer the questions at each time
point of data acquisition with reference to the past
14 days, considering both the severity of symp-
toms and the frequency of occurrence. A change
in the score of >8.9 points is classified as a minimal
clinically relevant change (MCID)."¢

Significant improvements occurred as early as
the first assessment timepoint after treatment
initiation, with a continuous improvement up to the
end of the observation period. The total SNOT-22
score decreased significantly from a baseline
value of 55.04 + 16.9 to 31.78 + 17.27 after 3
months of therapy (p < 0.0001; —23.25 + 2.714
SEM) and continued to decrease to a total score of
22.85 + 16.66 at 12 months of therapy. After 3
months 79.49% of the patients had a clinically
meaningful improvement in total SNOT-22 scores.
The proportion among patients with a clinically
meaningful improvement increased to 89.1% after
12 months of treatment. The course of the SNOT-

22 total values over the survey period is shown in
Fig. TA.

Nasal congestion VAS

Nasal congestion is a common symptom in pa-
tients with CRS and has a notable impact on quality
of life, emotional function, productivity, and the
ability to perform daily activities.’” Patients were
asked to document the intensity of the nasal
congestion on a visual analog scale from 0 to 10
when presenting at the clinic. Nasal congestion
improved the most during the first 3 months of
therapy from a score of 6.36 + 2.6 to 2.39 + 2.26
and continued to improve slightly to 1.62 + 1.8
after 12 months of therapy. The VAS scores at the
assessed timepoints are shown in Fig. 1B.

NPS

The NPS is used to assess the size of the nasal
polyps. For each nostril, the size of the polyps is
scored on a scale of 0 (no polyps) to 4 (complete
blockage of the nasal cavity). Scores of each nostril
are combined to form the bilateral NPS, which
accordingly can take values from 0 to 8. The mean
combined NPS of the observed population was
531 £+ 1.87 at the pretreated timepoint and
decreased = significantly to 2.76 + 2.19
(p < <0.0001) after 3 months of therapy. The NPS
continued to decrease to 1.41 + 1.54 at 12 months
of therapy. After 3 months 87.34% of the patients
improved by >1 in the NPS, and 68.35% even
improved by >2 points. After 12 months of therapy
98.21% of the treated population improved by >1
point and 87.5% by >2. The NPS values at the
assessed timepoints are shown in Fig. 1C.

Loss of smell assessed by Sniffin" Sticks and
symptom severity assessed by VAS

The Sniffin’ Sticks test is an olfactory identifica-
tion test consisting of 12 different everyday odors.
Each odorant is accompanied by a multiple-choice
question with four alternative response options to
describe the odor, from which the patient selects 1
answer. This results in a score of 0-12 possible
correct answers, whereby a lower score corre-
sponds to a more severe impairment of
olfaction."®

In addition to the measurement of olfaction with
the Sniffin’ Sticks test, the patients were asked to
document their personal perceived limitation in
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regards to their olfaction on a VAS from 0 to 10,
where 10 indicated the most severe restriction
imaginable.

Before treatment, the perceived impairment by
the loss of smell was rated 9.14 + 1.79. After 3
months of treatment, patients’ perceived restric-
tion significantly improved to 456 + 3.19
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(p < 0.0001) and continued to improve to
3.09 + 2.73 (p = 0.0005) after 12 months.

The mean value of correctly identified odors in
the Sniffin’ Sticks test before treatment improved
significantly already after 3 months of treatment
from 2.47 +£2.78t0 6.41 + 3.24 (p < 0.0001), and it
continued to improve significantly to 7.82 + 3.51
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Fig. 1 Values collected before, 3,6,9 and 12 months after initiation of dupilumab therapy. A): health-related quality of life measured with the
SNOT-22. Mean total scores (dots) with standard deviation. ****p < 0.0001; **p < 0.005. B) Symptom severity of nasal congestion on a VAS
(scale from 0 to 10). Mean values (dots) with standard deviation. ****p < 0.0001; *p < 0.05. C) total nasal polyp score. Mean values (dots)
with standard deviation. ****p < 0.0001; ***p = 0.001. D) GINA scores in individuals with comorbid asthma. Mean values (dots) with
standard deviation. ***p < 0.0001; *p < 0.05.
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after 12 months (p = 0,007). The VAS scores and
mean values of correctly identified odors are
shown in Fig. 2.

Allergy and comorbid asthma

Given that CRSwNP patients often have
concomitant asthma and/or allergies,’® patients
were screened for these comorbidities prior to
initiation of the dupilumab therapy. A total of
96.3% of the patient population had
comorbidities with 61 (75.31%) patients having a
diagnosed asthma and 24 (29.63%) patients
having intermittent allergic rhinitis. Eighteen
(22.22%) patients were diagnosed with persistent
allergic rhinitis. Comorbid asthma was monitored
with the GINA score, which captures symptom
control from asthma-related symptom frequency,
night waking and activity limitation, and, for pa-
tients using short-acting P2-agonist (SABA) re-
liever, the frequency of SABA use with simple yes
or no questions. Here, a lower score indicates that
asthma is better controlled. At the pretreatment
timepoint, the mean score in patients with co-
morbid asthma was 2.7 + 1.07. After 3 months of
treatment, it decreased significantly to 1.68 £ 1.25
(p < <0.0001) and it continued to decrease to
1.09 £ 1.11 at the 12-month timepoint (p < 0.05).
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The course of the mean values over the survey
period is shown in Fig. 1D.

Blood Eosinophils and IgE level

At each timepoint, total blood eosinophil counts
and IgE plasma levels were measured. The mean
eosinophil count increased at the three-month
timepoint from 472.5 + 401.2 pretreatment to
714.5 + 637.1 (p = 0.006) but decreased again to
the initial level at the six-month timepoint
(543.0 + 434.7). The blood eosinophil level
remained constant for the rest of the period
examined (Fig. 3A).

IgE plasma levels decreased continuously over
the observation period from a mean value of
267.2 + 405.6 initially to 191.8 £+ 336.1 after 3
months (p = 0.0004), 126.3 + 245.9 (p = 0.003)
after 6 months and finally to 70.92 + 128
(p < 0.0001) after 12 months of therapy. Means
with standard deviations are shown in Fig. 3B.

Safety/adverse events

Overall, several adverse events occurred in our
cohort, leading to treatment discontinuation in 7
cases, with 1 case of hypereosinophilic syndrome.
The patient with the hypereosinophilic syndrome
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Fig. 2 A) Perceived impairment of loss of smell scored on a VAS from 0 to 10 before and at 3,6,9 and 12 months after initiation of the
dupilumab therapy. Mean values (dots) with standard deviation. ****p < 0.0001; ***p = 0.0005; *p < 0.05; B) Correct identified odors in the
Sniffin’ Sticks 12 identification test on given timepoints of treatment. Mean values (dots) with standard deviation. ****p < 0.0001;

**p = 0.007; *p < 0.05.
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reported increased difficulty breathing, abdominal
spasms, fever, and increasing pain in the joints on
the evening of the initial administration of dupilu-
mab. With increasing symptoms, especially a
worsening of the comorbid asthma, the patient
was admitted to the hospital and had to be treated
in the intensive care unit. Blood eosinophil counts
showed an increased eosinophil percentage from
an initial 9.6%-42%.

In total, 22 adverse events during treatment
were reported. Local reactions, such as local ery-
thema, itching or wheal at the injection site,
arthralgia, and palpitations, were the most com-
mon (Table 2). Symptoms such as dizziness and
nausea a few hours after the application of
dupilumab, a generalized skin rash, the feeling of
muscle soreness and joint stiffness and elevated
body temperature were also reported by
patients. One patient experienced loss of hair.
Side effects that led to discontinuation of therapy
included pain in the joints, dizziness, nausea,
fever, loss of hair, and dry eyes.

DISCUSSION

Dupilumab is a monoclonal antibody that in-
terferes with type 2 inflammation, which is pre-
dominant in patients with CRSWNP. In the approval
for other type 2 diseases, such as atopic dermatitis
and severe or uncontrolled bronchial asthma, the
efficacy of dupilumab has already been confirmed
in  several studies and meta-analyses.?%?"
Significant improvement in patients’ symptoms in
phase |l trials led to approval as an add-on ther-
apy to intranasal corticosteroids in patients with
CRSwWNP by the European Medical Agency and
German health authorities. However, since the
strict rules of controlled trials do not allow the in-
clusion of the majority of patients who are treated
by physicians in everyday life, the study pop-
ulations and findings do not always compare well
with patient populations treated under real-life
conditions. With our prospective observational
study of patients with severe uncontrolled
CRSwWNP, we showed the effectiveness and safety
of dupilumab under real-life conditions over a one-
year treatment period. In a Cochrane review with
the aim of assessing the effects of biologics for the
treatment of chronic rhinosinusitis, Ching et al
found that almost all of the participants in the

included studies had nasal polyps (99.8%) and that
all were using topical nasal steroids for their
chronic rhinosinusitis symptoms. In these patients,
dupilumab improved disease-specific HRQL
compared to placebo, and it likely also resulted in
a reduction in disease severity.??

The significant improvement of disease-specific
HRQL was demonstrated in the population of the
SINUS-52 trial, where the SNOT-22 total scores
decreased by 60% from the initial 50.16 to 19.71
after 52 weeks of treatment, and it was also found
in our cohort with a similar reduction of the initial
score of 59%. The rather conservative formulated
statement that the therapy likely also leads to a
reduction in the severity of the disease was
affirmed by our results. Similar results in the
improvement of HRQL were also observed in a
per-protocol analysis of a smaller cohort in a six-
month follow-up period,?® in a retrospective
single center analysis with a cohort of 40
patients®* and an observational prospective
study with 80 patients and follow up period of 16
weeks.?® Van der Lans also could show in a
cohort of 24 patients with a follow-up of 48
weeks under real-life conditions an improvement
in the SNOT22 total scores from initial 52.4 to
16.8.2¢ The NPS was significantly reduced in our
cohort, and the perceived nasal congestion was
also noticeably reduced within the first 3 months
and remained at a low level over the observation
period. The reduction of the NPS in our cohort
was even more prominent after one year
(73.45%) than the reduction after 52 weeks in the
SINUS-52 trial, where a 41.52% reduction in NPS
was reported. Ottaviano et al reported a 63.64%
decrease in NPS after 1 year in a cohort of 47 pa-
tients, which is between our observation and the
results of the phase Il trials.?” Minagawa et al even
found a 83% reduction in NPS in a cohort of 23
patients after 1 year of treatment.?®

Although perceived nasal congestion was
assessed with a different tool in the SINUS-52
study, a substantial reduction in this burden was
demonstrated in both the SINUS-52-study cohort
(58% reduction in NCS) and in our cohort (70%
reduction in NC VAS) as in similar studies
mentioned above .?*?7 Loss of smell is one of the
most important and difficult-to-treat symptoms for
patients with CRSwWNP.??  Bachert et al
demonstrated rapid improvements in sense of
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Fig. 3 A) Means of total blood eosinophil counts before and at 3,6,9, and 12 months after initiation of the dupilumab therapy. Mean values
(dots) with standard deviation. **p < 0.006; ns = not significant. B) IgE plasma levels before and at 3,6,9 and 12 months after initiation of
the dupilumab therapy. Mean values (dots) with standard deviation. **p = 0.003; ***p = 0.0004; ****p = <0.0001.

smell. Differences versus placebo were evident by
day 3 for daily patient-reported LoS and at the first
assessments for UPSIT at week 2 of treatment.??
The mean change in the UPSIT in patients treated
with subcutaneous dupilumab 300 mg every 2
weeks was 9.53 at week 52. Since the UPSIT is
less common in Germany, we tested olfactory
ability in our cohort with the routinely used
Sniffin” Sticks test.

In our cohort, similar to the data reported in the
randomized controlled trials and other observa-
tional studies,?*?® there was a substantial
improvement in olfactory ability in both objective
testing and subjective impairment assessed by
VAS.

The improvement in the sense of smell
described by Mullol?*? after only a few days of
therapy is consistent with numerous patient
statements from our cohort, although this was
not systematically recorded at such an early
stage in our study. The rapid improvement
supports the theory that the loss of olfaction is
not only due to a conductive component caused
by nasal polyps as well as due to inflammation of
the mucosa in the olfactory cleft.*?3" Since
dupilumab is also approved for the treatment of

other type 2 inflammatory diseases, such as
atopic dermatitis and bronchial asthma, it is not
surprising that asthma symptoms also improved
in patients with comorbid asthma. This could be
demonstrated by the significant reduction in the

Adverse events (n) 22
Hypereosinophilic syndrome 1
Most common

Local erythema

itching at injection site
Wheal at injection site
Arthralgia

Palpitation

Fatigue

Feeling of dry eyes
Others

NN DN NN OB W

Adverse events leading to
treatment discontinuation

Table 2. Adverse event during one year of treatment with
Dupilumab


https://doi.org/10.1016/j.waojou.2023.100780

Volume 16, No. 5, Month 2023

GINA score in our cohort as well as by other
authors.?%26-28

As in the SINUS-52 study, at each sampling time
point serum total IgE was measured in our cohort.
We also recorded a constant decrease in concen-
trations of serum total IgE over the treatment
period that was similar in the degree of reduction
seen in the SINUS-52 trial (73.46% vs. 72.75%
reduction). Total blood eosinophil counts (BEC)
were also recorded at each time point and were
comparable to the baseline values recorded in the
SINUS study (472.5 vs. 450 cells/pl). Both SINUS
studies reported a transient, but not significant,
increase in mean BEC in patients treated with
dupilumab, with a return to baseline levels by the
end of the treatment period.” IL-4 primes the
vessel wall for extravasation of eosinophils through
induction of vascular cell adhesion molecule
(VCAM-1) and intercellular adhesion molecule
(ICAM-1).32 The transient increase in BEC may be
explained by blocking the VCAM-1 and ICAM-1
induction and by the hypothesis that dupilumab
blocks eosinophil tissue migration by inhibiting the
production of eotaxin-1 to 3 mediated by IL-4 and
IL-13, but not the production of eosinophils or
egress from bone marrow.**3* Unlike the
nonsignificant increase in BEC in the SINUS trials
and other observational studies,242%27:28 in our
population, we observed a significant increase in
eosinophils at the 3-month timepoint. This has
also been described by other authors who have
used and evaluated dupilumab in other indications
under real-word conditions.*®> The observed
normalization of BEC to baseline levels at the 6-
month time point could be explained by a gen-
eral reduction of the inflammatory response and
thus reduction in production and release of eo-
sinophils. Even though the eosinophilia had
already returned to baseline values by the six-
month measurement time point, the increase in
eosinophils in our cohort led to a hyper-
eosinophilic syndrome (BEC >1500 per pl for at
least 6 month with organ system involvement®®) in
one patient and to discontinuation of the
dupilumab therapy. This 25-year-old female pa-
tient presented with uncontrolled severe CRSWNP
with comorbid asthma and an initial blood eosin-
ophil count of 630 eosinophils per pl. There was no
history of hypereosinophilia and no other clinical
findings that would have suggested a dramatic

increase in eosinophils during dupilumab therapy.
Fourteen days after the first dupilumab injection,
the patient presented with increasing cough
accompanied by a feeling of shortness of breath
and severe limb, joint, and muscle pain at another
university hospital. The BEC was 7550 per pl. With
additional elevated anti-MPO-ANCA and elevated
Troponin T, the patient was admitted to the ICU
and diagnosed with eosinophilic granulomatosis
with polyangiitis (EGPA). The patient initially
received a glucocorticoid therapy and was able to
leave the hospital after one month of therapy with
a long-term treatment of methotrexate and
mepolizumab. Hypereosinophilic syndrome has
also been reported in other case series in the
context of dupilumab application in patients with
severe asthma.®” Hypereosinophilic syndrome
therefore appears to be a rare, albeit serious,
side effect that should be considered when
clinical signs are present. Of the 81 patients
receiving therapy, 10 patients were classified as
poor or nonresponders after one year of therapy
according to the criteria proposed by the
EUROFEA expert board meeting of 2021.%%
Aiming to obtain a clinical indicator for poor or
nonresponders, we examined the baseline
characteristics of the cohort separated into
responders and  poor/nonresponders.  No
differences were found in baseline characteristics
between nonresponders and those who
responded well to therapy (data not shown). The
lack of a control group and a possible selection
bias due to recruitment in a tertiary referral
center are limitations of this study. Further
studies with patients who meet the indication
criteria for therapy with biologics but are not as
severely affected would provide more insight in
the effectiveness of dupilumab under real-world
conditions.

CONCLUSION

If the indication for therapy with dupilumab in
patients with CRSWNP is made according to the
current recommendations of the EPOS 2022, the
treated population in real-life is very similar to the
group of patients included in the phase 3 trials,
and the expected treatment effects are quite
comparable. Dupilumab may show effectiveness
and safety in the treatment of CRSWNP under real-
world conditions. Systemic biomarkers or clinical
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parameters to predict a treatment response are
currently missing. Further evaluation of new local
and systemic biomarkers to better predict the
treatment response is therefore necessary.

Abbreviations

BEC, Total blood eosinophil counts; CRSsNP, chronic
rhinosinusitis without nasal polyps; CRSWNP, chronic
rhinosinusitis with nasal polyps; EPOS 2020, European
position paper on rhinosinusitis and nasal polyps 2020; GINA
Score, Global initiative for asthma score; HRQOL, health-related
quality of life; IL, Interleukin; NPS, nasal polyp score; SABA,
short-acting f2-agonist; SNOT-22, Sino-Nasal Outcome Test-
22; VAS, Visual Analog Scale.

Funding
No funding.

Availability of data and materials

Raw data were generated at the University hospital
Tlbingen; Ear Nose and Throat Department. The data that
support the findings of this study are available from the
corresponding author, upon reasonable request.

Author contributions

M. M. Sailer, F. Capitani, C. van Schaik, S. Becker, and T.
Albrecht made substantial contributions to data acquisition
and were involved in patient management and
organization. T. Albrecht analyzed the data and drafted the
manuscript. H. Léwenheim was involved in critical revision
of the manuscript. S. Becker designed the study, helped
interpret the data, and reviewed the manuscript.

Ethics statement

The research protocol for this prospective study was
approved by the institutional ethics committee (University
of Tibingen 873/2018B0O2).

Declaration of competing interest
None of the authors declares a competing interest.

Submission declaration

Each of the authors confirms that this manuscript has not
been previously published and is not currently under
consideration by any other journal. Additionally, all of the
authors have approved the contents of this paper and have
agreed to the submission policies.

Acknowledgements
We acknowledge support by Open Access Publishing
Fund of University of Tibingen.

Author details
“Department of Otorhinolaryngology, Head and Neck
Surgery, University Hospital Tibingen, Germany.

POtorhinolaryngology Medical Center, Dres. Sailer,
Goppingen, Germany.

REFERENCES

1.

10.

11.

12.

13.

14.

15.

Chaaban MR, Walsh EM, Woodworth BA. Epidemiology and
differential diagnosis of nasal polyps. Am J Rhinol Allergy.
2013 Nov-Dec;27(6):473-478.

. Bachert C, Bhattacharyya N, Desrosiers M, Khan AH. Burden of

disease in chronic rhinosinusitis with nasal polyps. J Asthma
Allergy. 2021;14:127-134.

. Fokkens WJ, Lund VJ, Hopkins C, et al. European position

paper on rhinosinusitis and nasal polyps 2020. Rhinology. 2020
Feb 20;58(529):1-464.

. Bachert C, Zhang N, Hellings PW, Bousquet J. Endotype-driven

care pathways in patients with chronic rhinosinusitis. J Allergy
Clin Immunol. 2018 May;141(5):1543-1551.

. Hamilton JD, Harel S, Swanson BN, et al. Dupilumab

suppresses type 2 inflammatory biomarkers across multiple
atopic, allergic diseases. Clin Exp Allergy. 2021 Jul;51(7):915-
931.

. Shirley M. Dupilumab: first global approval. Drugs. 2017

Jul;77(10):1115-1121.

. Bachert C, Han JK, Desrosiers M, et al. Efficacy and safety of

dupilumab in patients with severe chronic rhinosinusitis with
nasal polyps (LIBERTY NP SINUS-24 and LIBERTY NP SINUS-
52): results from two multicentre, randomised, double-blind,
placebo-controlled, parallel-group phase 3 trials. Lancet. 2019
Nov 2;394(10209):1638-1650.

. Han JK, Bachert C, Fokkens W, et al. Mepolizumab for chronic

rhinosinusitis with nasal polyps (SYNAPSE): a randomised,
double-blind, placebo-controlled, phase 3 trial. Lancet Respir
Med. 2021 Oct;9(10):1141-1153.

. Gevaert P, Omachi TA, Corren J, et al. Efficacy and safety of

omalizumab in nasal polyposis: 2 randomized phase 3 trials.
J Allergy Clin Immunol. 2020 Sep;146(3):595-605.

Bachert C, Han JK, Desrosiers MY, et al. Efficacy and safety of
benralizumab in chronic rhinosinusitis with nasal polyps: a
randomized, placebo-controlled trial. J Allergy Clin Immunol.
2022 Apr;149(4):1309-1317 e12.

Sherman RE, Anderson SA, Dal Pan GJ, et al. Real-world
evidence - what is it and what can it tell us? N Engl J Med. 2016
Dec 8;375(23):2293-2297.

Albrecht T, Beule AG, Hildenbrand T, et al. Cross-cultural
adaptation and validation of the 22-item sinonasal outcome
test (SNOT-22) in German-speaking patients: a prospective,
multicenter cohort study. Eur Arch Oto-Rhino-Laryngol.
2022;279:2433-2439.

Reddel HK, Bacharier LB, Bateman ED, et al. Global Initiative
for Asthma Strategy 2021: executive summary and rationale
for key changes. Eur Respir J. 2022 Jan;59(1).

Meltzer EO, Hamilos DL, Hadley JA, et al. Rhinosinusitis:
developing guidance for clinical trials. J Allergy Clin Immunol.
2006 Nov;118(5 Suppl):S17-S61.

Hinz A, Luck T, Riedel-Heller SG, et al. Olfactory dysfunction:
properties of the Sniffin’ Sticks Screening 12 test and
associations with quality of life. Eur Arch Oto-Rhino-Laryngol.
2019 Feb;276(2):389-395.


http://refhub.elsevier.com/S1939-4551(23)00040-6/sref1
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref1
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref1
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref2
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref2
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref2
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref3
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref3
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref3
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref4
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref4
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref4
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref5
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref5
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref5
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref5
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref6
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref6
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref7
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref7
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref7
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref7
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref7
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref7
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref8
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref8
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref8
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref8
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref9
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref9
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref9
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref10
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref10
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref10
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref10
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref11
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref11
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref11
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref12
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref12
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref12
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref12
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref12
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref13
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref13
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref13
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref14
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref14
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref14
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref15
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref15
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref15
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref15
https://doi.org/10.1016/j.waojou.2023.100780

Volume 16, No. 5, Month 2023

20.

21.

22.

23.

24.

25.

26.

27.

. Hopkins C, Gillett S, Slack R, Lund VJ, Browne JP. Psychometric

validity of the 22-item sinonasal outcome test. Clin
Otolaryngol. 2009 Oct;34(5):447-454.

. Shedden A. Impact of nasal congestion on quality of life and

work productivity in allergic rhinitis: findings from a large
online survey. Treat Respir Med. 2005;4(6):439-446.

. Hummel T, Kobal G, Gudziol H, Mackay-Sim A. Normative data

for the "Sniffin’ Sticks" including tests of odor identification,
odor discrimination, and olfactory thresholds: an upgrade
based on a group of more than 3,000 subjects. Eur Arch Oto-
Rhino-Laryngol. 2007 Mar;264(3):237-243.

. Tan BK, Chandra RK, Pollak J, et al. Incidence and associated

premorbid diagnoses of patients with chronic rhinosinusitis.
J Allergy Clin Immunol. 2013 May;131(5):1350-1360.

Xiong XF, Zhu M, Wu HX, Fan LL, Cheng DY. Efficacy and
safety of dupilumab for the treatment of uncontrolled asthma:
a meta-analysis of randomized clinical trials. Respir Res. 2019
May 31,20(1):108.

Silverberg JI, Thyssen JP, Fahrbach K, et al. Comparative
efficacy and safety of systemic therapies used in moderate-to-
severe atopic dermatitis: a systematic literature review and
network meta-analysis. J Eur Acad Dermatol Venereol. 2021
Sep;35(9):1797-1810.

Chong LY, Piromchai P, Sharp S, et al. Biologics for chronic
rhinosinusitis. Cochrane Database Syst Rev. 2021 Mar 12;3:
CD013513.

Haxel BR, Hummel T, Fruth K, et al. Real-world-effectiveness of
biological treatment for severe chronic rhinosinusitis with nasal
polyps. Rhinology. 2022 Dec 1;60(6):435-443.

Jansen F, Becker B, Eden JK, et al. Dupilumab (Dupixent((R)))
tends to be an effective therapy for uncontrolled severe chronic
rhinosinusitis with nasal polyps: real data of a single-centered,
retrospective single-arm longitudinal study from a university
hospital in Germany. Eur Arch Oto-Rhino-Laryngol. 2023
Apr;280(4):1741-1755.

Nettis E, Brussino L, Patella V, et al. Effectiveness and safety of
dupilumab in patients with chronic rhinosinusitis with nasal
polyps and associated comorbidities: a multicentric
prospective study in real life. Clin Mol Allergy. 2022 May
19;20(1):6.

van der Lans RJL, Fokkens WJ, Adriaensen G, Hoven DR,
Drubbel JJ, Reitsma S. Real-life observational cohort verifies
high efficacy of dupilumab for chronic rhinosinusitis with nasal
polyps. Allergy. 2022 Feb;77(2):670-674.

Ottaviano G, Saccardo T, Roccuzzo G, et al. Effectiveness of
dupilumab in the treatment of patients with uncontrolled

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

11

severe CRSWNP: a "Real-Life" observational study in naive
and post-surgical patients. J Personalized Med. 2022 Sep
17;12(9).

Minagawa S, Araya J, Watanabe N, et al. Real-life effectiveness
of dupilumab in patients with mild to moderate bronchial
asthma comorbid with CRSwWNP. BMC Pulm Med. 2022 Jun
28;22(1):258.

Mullol J, Bachert C, Amin N, et al. Olfactory outcomes with
dupilumab in chronic rhinosinusitis with nasal polyps. J Allergy
Clin Immunol Pract. 2022 Apr;10(4):1086-10895 e5.

Backaert W, Steelant B, Hellings PW, Talavera K, Van Gerven L.
A TRiP through the roles of transient receptor potential cation
channels in type 2 upper airway inflammation. Curr Allergy
Asthma Rep. 2021 Mar 18;21(3):20.

Becker S, Pflugbeil C, Groger M, Canis M, Ledderose GJ,
Kramer MF. Olfactory dysfunction in seasonal and perennial
allergic rhinitis. Acta Otolaryngol. 2012 Jul;132(7):763-768.

Hammad H, Lambrecht BN. The basic immunology of asthma.
Cell. 2021 Mar 18;184(6):1469-1485.

Li L, Xia Y, Nguyen A, et al. Effects of Th2 cytokines on
chemokine expression in the lung: IL-13 potently induces

eotaxin expression by airway epithelial cells. J Immunol. 1999
Mar 1;162(5):2477-2487.

Ramanathan Jr M, Lee WK, Spannhake EW, Lane AP. Th2
cytokines associated with chronic rhinosinusitis with polyps
down-regulate the antimicrobial immune function of human
sinonasal epithelial cells. Am J Rhinol. 2008 Mar-Apr;22(2):
115-121.

Rabe KF, Nair P, Brusselle G, et al. Efficacy and safety of
dupilumab in glucocorticoid-dependent severe asthma.
N Engl J Med. 2018 Jun 28;378(26):2475-2485.

Chusid MJ, Dale DC, West BC, Wolff SM. The
hypereosinophilic syndrome: analysis of fourteen cases with
review of the literature. Medicine (Baltim). 1975 Jan;54(1):1-
27.

Lommatzsch M, Stoll P, Winkler J, et al. Eosinophilic pleural
effusion and stroke with cutaneous vasculitis: two cases of
dupilumab-induced hypereosinophilia. Allergy. 2021
Sep;76(9):2920-2923.

Bachert C, Han JK, Wagenmann M, et al. EUFOREA expert
board meeting on uncontrolled severe chronic
rhinosinusitis with nasal polyps (CRSwNP) and biologics:
definitions and management. J Allergy Clin Immunol. 2021
Jan;147(1):29-36.


http://refhub.elsevier.com/S1939-4551(23)00040-6/sref16
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref16
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref16
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref17
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref17
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref17
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref18
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref18
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref18
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref18
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref18
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref19
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref19
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref19
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref20
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref20
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref20
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref20
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref21
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref21
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref21
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref21
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref21
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref22
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref22
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref22
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref23
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref23
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref23
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref24
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref24
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref24
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref24
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref24
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref24
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref25
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref25
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref25
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref25
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref25
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref26
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref26
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref26
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref26
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref27
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref27
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref27
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref27
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref27
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref28
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref28
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref28
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref28
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref29
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref29
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref29
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref30
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref30
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref30
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref30
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref31
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref31
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref31
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref32
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref32
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref33
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref33
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref33
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref33
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref34
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref34
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref34
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref34
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref34
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref35
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref35
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref35
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref36
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref36
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref36
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref36
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref37
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref37
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref37
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref37
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref38
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref38
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref38
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref38
http://refhub.elsevier.com/S1939-4551(23)00040-6/sref38

	Real-world evidence for the effectiveness and safety of dupilumab in patients with CRSwNP after 1 year of therapy
	Introduction
	Material and methods

	Results
	Clinical characteristics of patients
	Evaluation of clinical parameters
	SNOT-22 questionnaire
	Nasal congestion VAS
	NPS
	Loss of smell assessed by Sniffin’ Sticks and symptom severity assessed by VAS
	Allergy and comorbid asthma
	Blood Eosinophils and IgE level
	Safety/adverse events


	Discussion
	Conclusion
	AbbreviationsBEC, Total blood eosinophil counts; CRSsNP, chronic rhinosinusitis without nasal polyps; CRSwNP, chronic rhino ...
	Abbreviations
	FundingNo funding.
	Funding
	Availability of data and materialsRaw data were generated at the University hospital Tübingen; Ear Nose and Throat Departme ...
	Availability of data and materials
	Author contributionsM. M. Sailer, F. Capitani, C. van Schaik, S. Becker, and T. Albrecht made substantial contributions to  ...
	Author contributions
	Ethics statementThe research protocol for this prospective study was approved by the institutional ethics committee (Univer ...
	Ethics statement
	Declaration of competing interestNone of the authors declares a competing interest.
	Declaration of competing interest
	Submission declarationEach of the authors confirms that this manuscript has not been previously published and is not curren ...
	Submission declaration
	Acknowledgements
	References


