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Abstract

Background: During the last two years, three different monoclonal antibodies have been approved in many countries for the tre-

atment of patients suffering from severe chronic rhinosinusitis with nasal polyps (CRSWNP). Their efficacy has been demonstrated

through large double-blind placebo-controlled clinical studies. Until now, only very limited reports on real-world data regarding

this therapy have been published.

Methods: This per protocol analysis included patients with an indication for biological treatment because of uncontrolled

CRSwNP, despite long-term nasal steroid treatment, systemic steroid use and/ or endonasal sinus surgery. Baseline data on de-

mographics, medical history and comorbidities, polyp score, quality of life and sense of smell (using Sniffin” Sticks) were assessed

and a treatment with either dupilumab or omalizumab was started. The patients were followed up after three and six months. The

changes in polyp score, quality-of-life measures and olfaction were noted.

Results: 70 consecutive patients were evaluated during the study. Of the patients, 49 were treated with dupilumab and 21 with

omalizumab. The polyp score decreased significantly after three and six months, and the quality-of-life parameters and olfaction

increased. More than 90% of patients showed a moderate to excellent response to the therapy and there was no difference in the

overall response between the two treatments. Olfaction improved in two thirds of the patients, but one third was still anosmic

after six months treatment.

Conclusions: This real-world study shows the effectiveness of the monoclonal antibodies dupilumab and omalizumab in the tre-

atment of severe CRSWNP. Nasal polyp scores and quality-of-life parameters as well as measured olfactory function were improved

after just three months. The response after guideline-based criteria was insufficient only in 5 patients of this cohort.
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Introduction

Up to 4% of the population in in the USA and Europe suffer
from chronic rhinosinusitis with nasal polyps (CRSwNP) 4.
The disease is accompanied by a distinct reduction in quality
of life, particularly nasal obstruction and discharge, as well as
an impaired sense of smell. Olfaction is more often impaired
in CRSWNP compared to chronic rhinosinusitis without nasal
polyps (CRSsNP) &9, As treatment with nasal steroids often

has limited success in severe cases, systemic steroids and/ or
endonasal sinus surgery (ESS) are generally used for second line
treatment. Although these therapies have shown to be able to
improve symptoms, quality of life and endoscopy scores “#, and
despite the long-term use of nasal steroids after surgery, a recur-
rence of nasal polyps often occurs, causing the need for revision
surgery or the administration of recurrent systemic steroids in
these patients.
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In about 80% of patients, CRSWNP is associated with a type

Il inflammatory disease ©® and comorbidities such as asthma

or nonsteroidal anti-inflammatory drug (NSAID)-exacerbated
respiratory disease (NERD) are frequently found. The type Il in-
flammatory diseases share a common attribute in that different
effector cells, especially eosinophilic cells, interleukins (especial-
ly IL-4, IL-5 and IL-13) and immunoglobulin-E play an important
role in the pathophysiology and disease progression %",

Whereas in the past, patients, especially those with severe
asthma, who were treated with monoclonal antibodies had an
additional benefit in the course of their sinus disease (collateral
efficacy) "2, three different biological therapies for the treat-
ment of severe CRSWNP are now approved in the US and the EU,
including Germany.

These are the IL-4Ra antibody dupilumab with dual blockade of
IL-4 and IL-13 (¥, the anti-IgE antibody omalizumab " and most
recently the anti-IL-5 antibody mepolizumab 9.

For each of the above-mentioned antibodies, at least one inter-
national multicentre double-blind, placebo-controlled study
preceded these approvals, with relatively high patient numbers
and outcome measures 719, Additionally, under CRSWNP-treat-
ment with biologicals pulmonary symptoms improve, systemic
steroid use is reduced as well and sinunasal surgery rates ?%2"-
Although the primary and secondary criteria were reached

for all studies with the three different antibodies, there is very
limited experience in the treatment of patients with CRSWNP
as the main diagnosis (and not asthma) outside the setting of
clinical trials.

For clinical use, recommendations from different societies and
expert groups for the biological treatment of severe CRSWNP pa-
tients are available ?22%, But so far, there are no selection criteria
available for making a choice between the different monoclonal
antibody in CRSWNP, in contrast to the established endotyping
in asthma patients 2%,

The aim of this study was to obtain more data on the effective-
ness of biological treatment in CRSWNP patients in a real-world
setting at three centres in Germany and compare the results
with the data of the clinical trials. Additionally, the criteria for
responding and non-responding patients were evaluated.

Materials and methods

Study design

The research was conducted at the Department of Otorhinola-
ryngology of a maximum care hospital, a specialty practice and
a university hospital in Germany. It was conducted in accor-
dance with the Declaration of Helsinki on Biomedical Studies
Involving Human Subjects and was approved by the local ethics

committee in Baden Wurttemberg (approval number F-2021-
139) and all participants gave written informed consent.

Setting

The cohort included patients who presented with severe com-
plaints of chronic rhinosinusitis with nasal polyps in the Depart-
ment of Otorhinolaryngology in one of the three participating
facilities between January 2020 and January 2022. All patients
had undergone prior conservative treatment, including long-
term nasal steroids, ESS and/ or systemic steroids that did not
resolve the complaints and fulfilled the inclusion and exclusion
criteria for treatment with either dupilumab or omalizumab. The
biological treatment is approved as an add-on therapy in ad-
dition to the continuing topical nasal steroid usage.

Participants

The inclusion criteria were based on the EPOS 2020 ??/ EUFO-
REA-2019 @ criteria including the presence of bilateral chronic
sinus disease with nasal polyps for more than three months
despite conservative treatment and an age of 18 years or older.
According to the nasal endoscopy score, a minimum polyp
score of 2 on each side had to be documented. Depending on
the label in the approval text for the medication, patients had
to have been treated with either previous sinus surgery and/or
systemic courses of steroid treatments (dupilumab) or long-term
nasal steroid use (omalizumab) with the result that no sufficient
disease control could be achieved. Therefore, patients without
prior sinus surgery were also included.

The exclusion criteria included pregnancy, unilateral disease or
signs of the presence of a mucocele, cystic fibrosis or an auto-
immune driven disease. No patients were included that had
received treatment with a monoclonal antibody in the last two
years. Additionally, patients with a known hypersensitivity to
either dupilumab or omalizumab were also excluded

Medical history of patients

Patients were inquired about the history of the sinus disease,
including the number of surgical procedures or courses of
systemic steroids patients had undergone. Information on the
presence of comorbidities such as asthma or clinically reported
NERD as well as allergies to inhalant allergens verified by allergy
testing (skin prick testing and/or specific blood IgE in the past)
were also collected.

Variables and measurements

Polyp score

The endonasal polyp score was determined by a modified clas-
sification of Lildholdt @ like the classification used in the clinical
trials for biological treatments. The polyp score was evaluated
by an experienced specialist for each side by nasal endoscopy.
In the used system, the absence of nasal polyps is noted as 0,
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with small polyps not reaching the edge of the middle turbinate
receiving 1. Polyps reaching below the lower edge of the middle
turbinate are graded as 2. Larger polyps medially of the middle
turbinates or polyps reaching the lower edge of the inferior
turbinate are given a total of 3. Polyps that lead to a complete
obstruction of the lower nasal meatus are classified as 4. The
final number is calculated by adding up the two scores for each
side, with a maximum of 8.

Assessment of the quality of life

As a disease-specific measure of the patients’ quality of life,
the sino-nasal outcome test (SNOT)-22 questionnaire #2® was
used to quantify the sino-nasal symptomes. It consists of 22
questions of chronic rhinosinusitis (CRS)-related items scored
from 0 to 5 (total range 0-110, with higher totals representing
worse symptoms), which evaluates the severity of complaints
that patients have been experiencing over the past weeks due
to CRS. Results of 40 or more are considered to show a severe
impairment “2 and the minimal clinically important difference
(MCID) is considered to be 8.9 points @,

Visual analogue scale (VAS)

A recommended method for the subjective assessment of the
severity of nasal symptoms in CRS is the use of a visual analo-
gue scale (VAS) recorded by the patient on a 10cm line giving

a score on a measurable continuum of 0 to 10cm ©°. A range of
0-3cm would indicate mild, >3-7cm moderate and >7cm severe
symptoms.

Olfactory testing

Olfactory function was quantified using an established clinical
test (“Sniffin’ Sticks”, Burghart Instruments, Wedel, Germany)
61-33) in which the standardized, forced-choice 16-item odour
identification test was carried out. The olfactory functional diag-
nosis was obtained from the correct answers. Normal olfactory
function is presumed for scores of 13 and above and hyposmia
between 8 and 12, while scores below 8 are considered “functio-
nally anosmic” ¢4,

Blood parameter

Before the start of the treatment and during follow-up, total
serum IgE and a differential blood count including eosinophils
(total count and percentage of white blood cells) were assessed.

Initiation of therapy

After the indication for the antibody treatment was ascertained,
the therapy was explained to the patients and they gave written
informed consent. In the beginning of the study period, only du-
pilumab was available as a treatment option and all the patients
received this medication. After omalizumab was approved for
severe CRSWNP in August 2020, both antibodies were used. The
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Antibody treatment for CRSWNP

Table 1. Response criteria for biologicals after EPOS2020 2.

Evaluating 5 criteria Excellent response

5 criteria

Reduced nasal poly size Moderate response

Improved quality of life 3-4 criteria

Improved sense of smell Poor response

Reduced need for systemic corticosteroids | 1-2 criteria

Reduced impact of co-morbidities No response

0 criteria

type of treatment was chosen without any specific preferences.
The first two or three applications were administered by the
doctor in the office and the patients were observed for at least
45 minutes. Usually, after these injections the patients used the
self-administration option for the medication after instruction.
All the patients continued the usage of nasal steroids throug-
hout the treatment.

As a primary outcome criterion, the impact of the biological tre-
atment on different parameters such as the polyp score, Sniffin’
Sticks result, VAS- and SNOT-22 score after three and six months
was determined. The secondary outcome was a response ana-
lysis after six months following the EPOS 2020 criteria (Table 1)
and the determination of the influence of different co-factors ?2.

Statistics

All analyses were performed using the IBM SPSS Statistics,
Version 28.0 software system (IBM, Germany). Histograms and
skewness were used to evaluate normal distribution. Mean
values were computed + standard deviations. In abnormally dis-
tributed values, a Wilcoxon test was used for statistical analysis.
Spearman correlations were computed. The significance level
was set at p<0.05. Other explorative analyses were performed
wherever deemed appropriate. In these cases, p values are given
for descriptive reasons only. Changes in the efficacy of the two
investigated biological treatments on the different outcome
measures were evaluated using the Mann-Whitney U test.
Multivariate regression analysis was used to identify influencing
factors for baseline measures and the overall response of the
therapy.

Results

Demographics

Initially, 72 patients were started on the treatment with mono-
clonal antibodies. There were two dropouts. One patient was
lost to follow-up because he moved to the northern part of
Germany and another patient stopped the medication because
of unclarified infection. The latter patient started the medication
with the same monoclonal antibody after he overcame this
condition. The time of the start of the antibody-therapy and the
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Figure 1. Timeline of the start of the treatment with either dupilumab or omalizumab. Each dot represents one patient and the colours represent the

participating centre.

Table 2. Demographic baseline data of all CRSwNP-patients included for

treatment with dupilumab or omalizumab.

Dupilumab Omalizumab

group group
n 49 21
Age (years) 513 533
female 35% 34%
male 65% 66%
atopy 64% 50%
asthma 86% 80 %
NERD 55% 44%
previous sinus surgery 94% 91%
previous systemic steroids 92% 80%
Polyp-Score 6.1 5.2
SNOT-22 59.2 53.1
VAS 8.4 8.1
total serum IgE 183.6 126.5
Eosinophiles count 525.0 511.8
Sniffin” Sticks Identification-Score 4.17 435
Normosmia 0% 5%
Hyposmia 11.9% 10.0%
Anosmia 88.1% 85.0%

Differences between groups all p > 0.17, except for polyp score
(p=0.005).

distribution of the patients among the different centers can be
seenin Figure 1.

For the analysis, 70 patients (46 men, 24 women; aged 19-83
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years, 51.9 + 14.1 years) were evaluated in a per protocol analy-
sis. Many patients had known type Il comorbidities like asthma
(84%), history of allergic reaction to inhalant allergies (59%)

or NERD (50%). Almost every patient had undergone previous
endonasal sinus surgery (93%) and most patients had more than
two surgical interventions in the past (56%). A treatment with
systemic steroids of different dosages and duration of courses
was reported by 88% of the patients.

Primary outcome parameter

The mean pre-treatment polyp score was 5.8 + 1.2 (median 6.0,
IQR 2). The mean SNOT-22 score was 57.3 + 19.9 (median 60.5,
IQR 30) points and mean VAS score 8.3 + 1.3 (median 8.55, IQR
2). The evaluation of the sense of smell revealed a mean dentifi-
cation score of 4.2 points + 3.0 (median 4.0, IQR 2).

Of the patients, 49 started a treatment with dupilumab and 21
with omalizumab. Baseline parameter of the two specific anti-
body treatments can be seen in Table 2. There were no statisti-
cal differences of these measures between the two treatment
groups (all p > 0.17), except that the polyp score was lower in
the Omalizumab treated group (p=0.005).

No severe side effects occurred during the initiation of the
monoclonal antibody therapy. During the whole six-month
follow-up period in one case an increased local reaction occur-
red that led to a discontinuation of the therapy with dupilumab
after 6 months and switch to another monoclonal antibody. Of
the patients, one received oral steroids due to an increase in
blood eosinophils over 10.000 /pl without any clinical signs in
the dupilumab group. Almost all the patients started self-admi-
nistration after two or three initial injections of the antibody and
every patient continued the use of the nasal steroids throug-
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Figure 2. Mean values (including 95% confident interval) at baseline, 3 and 6 months after start of monoclonal antibody treatment for CRSWNP for a)

endonasal polyp score (0-8), b) SNOT-22-score (0-110), c) VAS score of nasal health rating (0-10); d) Sniffin” Sticks 16-ltem Identification Score (0-16).

Significant changes are marked by *.

hout the study period.

The mean change between baseline and 6 after months in

the polyp score of the included 70 patients was -3.7 £ 1.5 (p <
0.001), median 4, IQR 2. The mean decrease vs. baseline in the
SNOT-22 score was 31.1 + 21.6 (p < 0.001), median 38.5, IQR 36
and 5.7 + 2.3 points in VAS (p < 0.001), (median 6.05, IQR 3). The
mean increase vs. baseline in the Sniffin’ Sticks identification
score was 5.2 + 4.6 points (p < 0.001), (median 4.5, IQR 7). The
changes were all already present after three months of therapy
(Figure 2).

The response according to the EPOS 2020 criteria after six
months was poor (response in 1-2 criteria) in one patient,
moderate (response in 3-4 criteria) in 30 patients and excellent
(response in all criteria) in 39 patients.

In one patient the indication for a revision sinus surgery was
made due to insufficient efficacy of the monoclonal antibody
therapy. After the follow-up period of six months, three patients
were switched (two from dupilumab, one from omalizumab),
two because of an insufficient response, one due to a strong
local reaction at the injection site.

Concerning the aspect of olfaction data was available for the
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baseline evaluation in 62 patients and for the six-month results
in 67 patients (missing data due to reduced feasibility because
of the SARS-CoV-2 pandemic). Before the start of the biological
treatment, 87% of patients showed anomia, 11% hyposmia

and 2% normosmia. After six months of treatment 30% were
anosmic, 43% were hyposmic and 27% were normosmic (Figure
3). Overall, this resulted in a recovery of at least some sense of
smell in 38 of 60 patients. The change in olfaction correlated
with the response after six months (-0.54, p < 0.001, Spearman),
age (0.38, p=0.02) and the SNOT-22 change (-0.40, p = 0.02,
Pearson), but not with the change in polyp score (0.20; p = 0.12,
Spearman), asthma (p=0.064) or the initial Sniffin’ Sticks result
(p=0.14), supplementary Table 1.

By trying to detect certain parameters to predict the response, a
multivariate regression analysis was used with the response (1-
5) as the dependent variable and age, gender, asthma, the pre-
sence of NERD, allergy and prior sinus surgery as the indepen-
dent variables. Here, only asthma was identified as a prognostic
parameter with a regression-coefficient 3 of 1.079 (p=0.014). The
corrected r* is 0.145.

Comparison of the two monoclonal antibodies

Since numbers of patients were limited for the two treatment
groups, the following statistical analysis only has a descriptive
character and the changes in the different parameters can be
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Figure 3. Percentual proportion of patients in the different classifications of olfaction (normosmic, hyposmic or anosmic) at baseline and 6 months

after therapy with monoclonal antibodies for CRSWNP.

seen in Figure 4.

A difference in the outcome criteria after six months of treat-
ment with the two monoclonal antibodies was found for the
polyp score (p=0.012), SNOT-22 (p=0.015) and VAS (p=0.013)
with a pronounced effect of dupilumab. Scores for the Sniffin’
Sticks tended to be better for dupilumab (p=0.094). No differen-
ce could be seen between the two antibodies in the overall res-
ponse after six months (p=0.57). The best response of 5 points
was seen in 52% of the patients with omalizumab and in 57%
with dupilumab, with a response of 4 points in 33% of patients
with omalizumab and in 37% with dupilumab. A response of 3
points or less was seen in 14% of patients with omalizumab and
6% with the dupilumab treatment.

Discussion

This description of a cohort of 70 patients is one of the first
reports on the efficacy of monoclonal antibody treatment in
patients with CRSWNP outside of controlled clinical studies

and with chronic rhinosinusitis as primary diagnosis. It is very
important to collect the experiences of treatment of patients in
a real-world environment, as the inclusion and exclusion criteria
in clinical studies often do not match the real clinical setting.
Data collection in the context of this research was performed

by experienced specialists in the field who are also very well
trained in the use of measures of symptoms and surgical ap-
proaches in chronic rhinosinusitis. Therefore, one can assume
that more severe cases of patients with CRSWNP would have
been included, and indeed, compared to the phase 3 studies for
dupilumab " and omalizumab “® the rate of included patients
with comorbid asthma or NERD and the number of patients who
had undergone at least one surgical intervention for CRSwNP
were higher in this cohort. On the other hand, the mean polyp,

SNOT-22 or VAS scores were quite similar to the randomized
controlled clinical trials. Additionally, most of the patients in the
present examination were anosmic, which is comparable to the
included subjects in phase 3 studies. However, the UPSIT test
was not used for evaluation, but rather the Sniffin’ Sticks test,
which is more commonly used in Europe.

After six months of treatment, the included subjects showed
impressive improvements in all clinical parameters. Interestingly,
these changes were already present after three months. The
amount of improvement after six months was more apparent
than the mean changes in the phase 3 studies of the two
biological treatments patients were treated with in the present
study. This might be due to the non-randomized uncontrolled
design of this study or the fact that included patients of this
investigation probably had more serious disease in terms of
other typically type Il associated co-morbidities, such as asthma
and NERD. Therefore, a better selection of type Il inflammatory
disease cases might lead to a better response. However, there
were also cases in which a limited effect was noted or patients
who had no response at all. Here, the further course of the
disease after the switch to another antibody or surgery under
biological treatment will give us new insights into the handling
of non-responders.

We have identified comorbid asthma as having a significant
effect on the response, which is consistent with previous reports
(1819 The task in the future will be to find more special conditions
or biomarkers to forecast the efficacy of monoclonal antibodies
in general or a specific antibody in single patient cases.

The safety of the monoclonal antibody therapy proved to be
good beyond clinical trials and the side effects were comparable
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Figure 4. Boxplots of changes of a) nasal polyp score; b) SNOT-22 score; ) VAS-score; d) Sniffin” Sticks 16-Item Identification score 6 month after start

of therapy in the dupilumab (n=49) and omalizumab (n=21) treatment group. The lines represent the medians; the boxes include 75% of the results;

the whiskers include 95% of the results. The circles demonstrate outliers. Significant differences are indicated.

in severity and frequency to the reports in the clinical studies
(719 The dropout rate was also very low.

In particular, the impaired sense of smell as a main reason be-
hind the reduced quality of life in those suffering from CRSWNP
also showed recovery during the study period. After six months,
two thirds of the patients showed improvement, although only
one third were classified as normosmic. Still, the fact that ano-
ther third were anosmic after this period, which is comparable
to the results of surgical interventions for CRSWNP, is important
536 Further investigations are needed to assess changes after a
longer period of treatment or identifying factors that resultin a
limited outcome for olfaction. One could speculate if the chronic
inflammation might have led to an irreversible damage of olfac-
tory cells. Specifically, future studies should involve the assess-
ment of odour thresholds to address changes more specifically
at the level of the olfactory epithelium 7,

The more pronounced numerical effect of dupilumab on polyp
score, SNOT-22 score and VAS observed in our study compared
to omalizumab has been published before 3%, However, this
did not result in a significant higher overall response according
to the EPOS 2020 recommendations #2 in our research. Nonet-
heless comparing results from two monoclonal antibodies must
be done with caution based on the study design. Furthermore,
no randomized, controlled head-to-head clinical study has been
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published to date.

Before the availability of monoclonal antibodies for the treat-
ment of CRSWNP, aspirin desensitization therapy was considered
as a possible supportive option in patients with a co-morbidity
of NERD “%, The first reports have been published that biological
treatment is outperforming this procedure (41,42). Some of our
patients had undergone aspirin desensitization therapy in the
past, which turned out to be insufficient to control the disease.
The monoclonal antibody treatment also proved its effective-
ness in these patients.

The results of the present research are difficult to compare with
the outcomes of the one other study using real-world data in
patients that received monoclonal antibodies because they
included patients with asthma with a comorbid CRSWNP “3),
The present study exclusively examined patients who received
a monoclonal antibody treatment for the indication severe
uncontrolled CRSWNP. In the investigation of Meier et al. “®, the
treatment of 28 patients with either mepolizumab, omalizumab
or benralizumab was described and many therapy switches
were necessary due to an insufficient response. In addition, 22
patients also received at least one course of systemic steroids
and some patients had to undergo revision sinus surgery,
because a successful therapy was reported in only 31%, which is
much less than our findings with dupilumab and omalizumab.
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One other report exclusively for dupilumab treatment in
CRSWNP patients showed the 24 weeks results in 98 patients

@4, Similar improvement of SNOT-22 scores and reduction in
polyp scores were described. Another very recently published
real world analysis from Canada “ confirms the efficacy of the
treatment with dupilumab in severe CRSWNP in a real-world set-
ting in terms of improvement of SNOT-22 scores. Interestingly,
in their cohort only 42 of 85 patients who were considered for
treatment received coverage from the insurance company.

This gives an insight on the discussion about cost-efficacy of
antibody-treatment for CRSWNP-patients especially in compa-
rison to surgical approaches. There are many reports that sinus
surgery improves disease-specific quality of life outcomes even
over 10 years “9. A recent meta-analysis on rates of revision
surgery in CRSWNP “” reported a mean revision rate of 16%

in a mean follow-up of 90 months. Co-morbid asthma and
NERD were identified as factors that significantly increased the
revision rates to more than 25%. Algorithms were proposed for
the therapeutic work-up of patients before starting biological
treatment “®),

Besides the cost of the therapy, variances of the efficacy of the
different monoclonal antibodies need to be evaluated in the
future in further real-world studies. It needs to be proven if ten-

dencies of recent comparative analysis “9 can be verified.

Limitations of the study

This research has some limitations: Because it was designed as
a real-world study, this was a non-randomized, uncontrolled
study. The patients selected for biological treatment were inclu-

ded consecutively without any randomization to either of the
two treatment options, dupilumab and omalizumab. Therefore,
a bias cannot be ruled out. Additionally, the third monoclonal
antibody mepolizumab which is permitted for the same indi-
cation could not be taken into account, as the certification of
approval was only recent.

Conclusions

This study delivers real-world evidence for the efficacy of treat-
ment of CRSWNP, with the monoclonal antibodies dupilumab
and omalizumab showing a safety profile as previously descri-
bed. Patient selection, handling of the therapy and follow up for
evaluating the effectiveness of the therapy is uncomplicated. A
decrease in polyp score and increase of quality of life as well as
olfaction could be demonstrated. Although the response to the
therapy was moderate to excellent in most cases, few patients
show a poor response. Until now no special comorbidities or
biomarkers could be identified for an individual treatment
stratification.
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number of patients

Supplementary Table 1. Correlation (Pearson) of different parameter
examined during the study (baseline and changes after 6 months).

Significant correlations are pointed out in green. N
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