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Abstract

Background: Chronic rhinosinusitis with nasal polyps (CRSWNP) is a heterogeneous disease with variable underlying path-
ophysiologies. Numerous patient factors have been linked to differences in disease severity, control, and response to treat-
ment, including asthma status, aspirin sensitivity, previous sinonasal surgery, and blood eosinophil levels.

Objective: The present study examines the efficacy of the anti-immunoglobulin E therapy, omalizumab, versus placebo in
patients with CRSWNP from the replicate POLYP | (NCT03280550) and POLYP 2 (NCT03280537) trials, grouped by inher-
ent patient characteristics to determine the response to therapy.

Methods: Patients in prespecified subgroups from POLYP | and POLYP 2 (studies pooled for analysis) were examined.
Subgroups included blood eosinophil count at baseline (>300 or <300 cells/uL), previous sinonasal surgery (yes or no),
asthma status (yes or no), and aspirin sensitivity status (yes or no). Subgroups were examined for subgroup-specific adjusted
mean difference (95% confidence interval [CI]) (omalizumab—placebo) in change from baseline at week 24 in Nasal
Congestion Score (NCS), Nasal Polyp Score (NPS), Sino-Nasal Outcome Test-22 (SNOT-22), Total Nasal Symptom Score
(TNSS), and University of Pennsylvania Smell Identification Test (UPSIT).

Results: Adjusted mean difference (95% CI) (omalizumab—placebo) in NCS, NPS, SNOT-22, TNSS, and UPSIT change from
baseline at week 24 consistently favored omalizumab treatment over placebo in patients with blood eosinophil count >300
and <300 cells/uL, with or without previous sinonasal surgery, asthma, and aspirin sensitivity.

Conclusion: Together, these data suggest broad efficacy of omalizumab across clinical and patient-reported outcomes in
patients with CRSWNP, independent of the underlying patient factors examined, including those with high eosinophil levels
and those who have undergone previous surgery, which are associated with high recurrence.

Clinical Trial Registration: ClinicalTrials.gov identifiers: POLYP |: ClinicalTrials.gov identifier NCT03280550 (https:/
clinicaltrials.gov/ct2/show/NCT03280550); POLYP 2: ClinicalTrials.gov identifier NCT03280537 (https:/clinicaltrials.gov/ct2/
show/NCT03280537).
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Chronic rhinosinusitis with nasal polyps (CRSwNP) is a
common disease, affecting roughly 4% of the US population,
in which patients exhibit anterior and posterior rhinorrhea,
nasal obstruction, loss of smell, facial pain/pressure lasting

> . .
for >12 weeks, and the benign hyperplastic growth of the Corresponding Author:

nasal mucosa, called nasal polyposis (NP).! NP is a highly
heterogeneous disease composed of several endotypes with
variable but overlapping underlying pathophysiologies.”
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The classic form of the disease, which affects the majority of
patients with NP in the United States and Europe, is charac-
terized by immunoglobulin E (IgE)-mediated inflammation
involving type 2 cytokines (interleukin [IL]-4, IL-5, and
IL-13) and immune cells (T helper 2 cells, mast cells, type
2 innate lymphoid cells, and eosinophils).>~ In some, a pro-
portion of IgE is produced systemically as specific IgE in
response to exposure to environmental allergens; however,
many patients with CRSwWNP only exhibit elevated local
IgE produced by the innate immune response.* Recent evi-
dence has demonstrated that Staphylococcus aureus superan-
tigens play key role in driving type 2 cytokine production,
leading to local IgE production, and ultimately, nasal polyp
formation.® In patients with nonallergic rhinitis with eosino-
philia, systemic total and specific IgE levels are not elevated,
yet local IgE levels are elevated.’

Regardless of whether IgE production is due to allergen
exposure or through the innate immune response, directly tar-
geting this inflammatory mediator with anti-IgE therapeutics,
such as omalizumab, has demonstrated efficacy in patients
with NP.® Omalizumab is both well established and well char-
acterized with regard to its safety profile, with more than 16 000
patients exposed in asthma and chronic idiopathic urticaria clin-
ical trials combined. In addition, there is extensive postmarket-
ing experience of 17 years with an estimated cumulative and
global exposure of more than 1 329 235 patient treatment
years as of December 31, 2019. However, evidence suggests
that the specific inflammatory profile of a patient may be
affected by inherent patient characteristics, comorbid condi-
tions, and environmental factors.? Moreover, these factors
have been directly associated with NP disease activity, severity,
and control.>**~'® Therefore, the present analysis examines
the efficacy of the anti-IgE therapy, omalizumab, versus
placebo in patients with NP from the replicate POLYP 1
(NCT03280550) and POLYP 2 (NCT03280537) trials,
grouped by inherent patient characteristics to determine
the impact on response to therapy.

Methods

The POLYP 1 and POLYP 2 clinical trials were replicate, phase
I, double-blind, randomized, placebo-controlled studies com-
paring omalizumab therapy with placebo in patients with NP
refractory to intranasal corticosteroids.® The POLYP 1 and
POLYP 2 protocols were approved by respective institutional
review boards or ethics committees. All patients provided
written informed consent. The studies were conducted in accor-
dance with the International Conference on Harmonisation
Good Clinical Practice guide]ines,14 the Declaration of
Helsinki," and all applicable laws/regulations.

Details of the pivotal trial study designs have been previ-
ously published.® In brief, these trials had no requirement for
the previous sinonasal surgery or recent systemic corticoste-
roid use for inclusion. Participants were not excluded for the
presence of asthma, and those with asthma were allowed to

participate irrespective of asthma severity. Throughout the
studies, all patients received background intranasal cortico-
steroids. Finally, randomization of participants in POLYP 1
and POLYP 2 was stratified by comorbid asthma and con-
firmed aspirin sensitivity status at baseline (asthmatic and
aspirin sensitive, asthmatic and not aspirin sensitive, all
other participants) and geographic region (North America,
including Canada, Mexico, and the United States; and
ex-North America), which were crossed for a total of 6 strata.

Outcome Measures

This study examined outcomes in patients from select sub-
groups of those prespecified for analysis in POLYP 1 and
POLYP 2. Data from POLYP 1 and POLYP 2 were pooled
to increase the sample size of the subgroups, which included
blood eosinophil count at baseline (>300 or <300 cells/pL),
previous sinonasal surgery (yes or no), asthma status (yes
or no), and aspirin sensitivity status (yes or no). Subgroups
were examined for subgroup-specific adjusted mean differ-
ence (95% confidence interval [CI]) (omalizumab—placebo)
in change from baseline at week 24 in the following mea-
sures: Nasal Congestion Score (NCS), calculated as the
change from baseline in average daily score over the previous
7 days; Nasal Polyp Score (NPS); Sino-Nasal Outcome
Test-22 (SNOT-22); Total Nasal Symptom Score (TNSS),
calculated as the sum of individual daily scores for smell,
nasal congestion, posterior rhinorrhea, and anterior rhinor-
rhea; and University of Pennsylvania Smell Identification
Test (UPSIT). Of these measures, NPS represents a physician-
reported outcome, whereas NCS, SNOT-22, TNSS, and
UPSIT are patient-reported outcome measures. NPS and
NCS comprised the coprimary endpoints from POLYP 1
and POLYP 2, whereas SNOT-22, TNSS, and UPSIT were
secondary endpoints in the trials.

Statistical Methods

Outcome measures were analyzed using a mixed-effect
model of repeated measures controlling for baseline scores,
region, and asthma/aspirin status, when applicable, for
certain subgroups.

Results

Baseline characteristics and demographics between the oma-
lizumab (n=134) and placebo (n=131) groups from
POLYP 1 and POLYP 2 were similar (Table 1). Of note,
similar proportions of patients in the omalizumab and
placebo groups, respectively, had eosinophil levels
>300 cells/uL (43.6% vs 48.9%), previous sinonasal
surgery (58.2% vs 61.1%), asthma (59.7% vs 54.1%), and
aspirin sensitivity (29.9% vs 24.4%) at baseline.

Adjusted mean difference (95% CI; omalizumab—
placebo) in NCS (Figure 1A), NPS (Figure 1B), SNOT-22
(Figure 1C), TNSS (Figure 1D), and UPSIT (Figure 1E)
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Table |. Baseline Characteristics and Demographics.

Placebo® Omalizumab®

Characteristic (n=131) (n=134)
Age (years), mean (SD) 51.6 (11.8) 49.6 (13.3)
Male, n (%) 85 (64.9) 86 (64.2)
Race, n (%)

White 131 (100) 126 (94.0)

Black or African American 0 2 (1.5)

Other/unknown 0 6 (4.5)
BMI (kg/m?), mean (SD) 279 (5.1) 27.1 (4.4)
Previous sinonasal surgery, n (%)

Yes 80 (61.1) 78 (58.2)

No 51 (38.9) 56 (41.8)
Time since last sinonasal surgery,

n (%)

N 80 76

<5 years 25 (31.3) 18 (23.7)

5-<10 years 17 (21.3) 21 (27.6)

>10 years 38 (47.5) 37 (48.7)
Asthma n (%)

Yes 71 (54.2) 80 (59.7)

No 60 (45.8) 54 (40.3)
Aspirin sensitivity, n (%)

Yes 32 (244) 40 (29.9)

No 99 (75.6) 94 (70.2)
7-day average NCS, mean (SD) 2.4 (0.6) 2.3 (0.7)
NPS, mean (SD) 6.2 (0.9) 6.3 (1.0
SNOT-22 total score, mean (SD) 60.1 (16.7) 59.5 (20.0)
TNSS, mean (SD) 9.0 (2.1) 8.5 (2.5)
UPSIT total score, mean (SD) 13.5 (7.3) 12.8 (7.7)
SCS in 12 months before 23 (17.6) 36 (26.9)

screening, n (%)
Total IgE level (IU/mL), mean (SD) 178.9 (173.4) 171.1 (170.8)

Eosinophil count
Mean (SD), cells/uL
>300 cells/uL, n (%)
<300 cells/uL, n (%)

358.0 (256.0) 323.4 (227.4)
64 (48.9) 58 (43.6)
67 (51.1) 75 (56.4)

*Patients received background nasal mometasone throughout the course of
the study.

Abbreviations: BMI, body mass index; IgE, immunoglobulin E; NCS, Nasal
Congestion Score; NPS, Nasal Polyp Score; SCS, systemic corticosteroids;
SNOT-22, Sino-Nasal Outcome Test-22; TNSS, Total Nasal Symptom Score;
UPSIT, University of Pennsylvania Smell Identification Test.

change from baseline at week 24 favored omalizumab treat-
ment over placebo in patients with blood eosinophil count
>300 and <300 cells/pL, with or without previous sinonasal
surgery, asthma, and aspirin sensitivity. Across outcome
measures, the 95% CIs of both cohorts of each subgroup
(e.g., both asthma yes and asthma no) overlapped consider-
ably, indicating that greater improvements achieved by
both cohorts of each subgroup from omalizumab treatment
were comparable. Overall outcomes suggested that omalizu-
mab consistently provided greater efficacy compared with
placebo across prespecified subgroups.

Safety findings from the POLYP 1 and POLYP 2 trials
have been previously reported.®

Discussion

NP is a complex, heterogeneous disease in which patient
characteristics and external factors have been associated
with differences in disease severity and propensity for
disease recurrence. Therefore, the present analysis examined
the response to omalizumab therapy versus placebo in pre-
specified subgroups of patients with NP from POLYP 1
and POLYP 2. These subgroups included baseline blood
eosinophil count (>300 or <300 cells/pL), previous sinonasal
surgery status (yes or no), asthma status (yes or no), and
aspirin sensitivity status (yes or no). Subgroup-specific
changes in NPS, NCS, SNOT-22, TNSS, and UPSIT were
explored in the pooled POLYP 1 and POLYP 2 population.

The population subgroups included in the present analysis
were prespecified in POLYP 1 and POLYP 2, based on pre-
vious evidence suggesting their roles in disease activity,
severity, and impact on response to treatment. The severity
of NP is greater in those patients with comorbid asthma,
and conversely, symptoms of asthma are more severe in
patients with comorbid NP, possibly due to similarities in
their underlying pathobiologies in higher levels of type 2
cytokines and IgE.'*'® Similar overlap exists between NP
and aspirin sensitivity because this combination has been
associated with more severe clinical symptoms, longer
disease course, and greater risk of polyp recurrence.'*'?
Despite wide acceptance as a treatment for NP, sinonasal
surgery is often followed by polyp recurrence. A recent
study of patients with NP demonstrated that the amount of
time since last surgery was significantly associated with
improvements in NPS and Lund-Mackay scores, with
shorter time since last surgery associated with better response
to treatment.'” This is an important finding, as study popula-
tions in large clinical trials differ considerably. In that study,
a large proportion of patients had their most recent surgery
within 5 years, whereas nearly half of the POLYP 1 and
POLYP 2 participants had their most recent surgery
>10 years prior."” Finally, blood eosinophil levels were
included as a population subgroup in this analysis because
elevated levels have been associated with worse disease
control in patients with NP.'® Of note, there has been an
observed disconnect between blood eosinophil levels and
severity of NP after treatment. In response to the antieosino-
phil therapeutic, dexpramipexole, patients with NP demon-
strated depletion of both blood and tissue eosinophil levels,
with no observed impact on NPS.'” The findings from the
present study are similar to previous studies of omalizumab
in patients with asthma, wherein reductions in asthma exac-
erbation rates were observed after omalizumab therapy,
regardless of blood eosinophil counts.?*?!

In the present study, baseline patient characteristics were
similar between the omalizumab and placebo arms of the
pooled POLYP 1 and POLYP 2 population. Overall
improvements from baseline at week 24 were seen across
all outcome measures examined in patients who received



American Journal of Rhinology & Allergy

A
NCS
n
Full Analysis Population = - 265
Blood Eosinophil Count >300 cells/ul - —— 122
Blood Eosinophil Count <300 cells/ul = —8—: 142
Prior Nasal Surgery = — 158
No Prior Nasal Surgery = —a— 107
Asthma = —. 151
No Asthma —o— 114
Aspirin Sensitivity = —— 72
No Aspirin Sensitivity = —— 193

T
-1.5-1.0-05 00 05

Adjusted Mean Difference (Omalizumab — Placebo)
(95% Cl)

Favors omalizumab

C
SNOT-22
Full Analysis Population = - 265
Blood Eosinophil Count >300 cells/ul | —®&— 122
Blood Eosinophil Count <300 cells/ul = —8— 142
Prior Nasal Surgery 4  —a— 158
No Prior Nasal Surgery = —a— 107
Asthma- —e— 151
No Asthma- —e— 114
Aspirin Sensitivity = —e— 72
No Aspirin Sensitivity 4 —e— : 193

—T T
-30 -20-10 0 10
Adjusted Mean Difference (Omalizumab — Placebo)
(95% Cl)
—
Favors omalizumab

E
UPSIT
Full Analysis Population = —— 265
Blood Eosinophil Count >300 cells/ul | ——®&%—— 122
Blood Eosinophil Count <300 cells/ul | —8—— 142
Prior Nasal Surgery f —a&—— 158
No Prior Nasal Surgery 4 —a—— 107
Asthmao ——o— 151
No Asthma-q —o— 114
Aspirin Sensitivity 4———eo— 72
No Aspirin Sensitivity = —e— 193

L L L
0 2 4 6 8
Adjusted Mean Difference (Omalizumab — Placebo)
(95% Cl)
—_—
Favors omalizumab

n
: 265
—a— 1122
—8— 142

Full Analysis Population =
Blood Eosinophil Count >300 cells/pl =
Blood Eosinophil Count <300 cells/ul =

Prior Nasal Surgery —+— 158

No Prior Nasal Surgery = —a&— 107
Asthma4  —e— {159

No Asthma = —o— 114

Aspirin Sensitivity 4 —&—— 72

No Aspirin Sensitivity = —e— 193

I I R R |
-2.0-15-1.0-0.5 0.0

Adjusted Mean Difference (Omalizumab — Placebo)
(95% Cl)

Favors omalizumab

D
TNSS
n
Full Analysis Population = —— 265
Blood Eosinophil Count >300 cells/ul o —%— 122
Blood Eosinophil Count <300 cells/pl = —8— 1142
Prior Nasal Surgery | —+— 158
No Prior Nasal Surgery —a&—1 107
Asthma = —e— 1151
No Asthma- —— D114
Aspirin Sensitivity 4 —eo—— 72
No Aspirin Sensitivity - —o— 1193

11 1 1
-4 -3 -2 -1 0
Adjusted Mean Difference (Omalizumab — Placebo)
(95% Cl)
—
Favors omalizumab

Figure |. Adjusted mean difference (95% CI) in (A) NCS, (B) NPS, (C) SNOT-22, (D) TNSS, and (E) UPSIT change from baseline at week 24.

Higher UPSIT score indicates greater improvement.

Abbreviations: NCS, Nasal Congestion Score; NPS, Nasal Polyp Score; SNOT-22, Sino-Nasal Outcome Test-22; TNSS, Total Nasal Symptom Score; UPSIT,

University of Pennsylvania Smell Identification Test; Cl, confidence interval.

omalizumab therapy compared with placebo on top of back-
ground intranasal mometasone. Although the clinical param-
eter, NPS, determines the extent and severity of NP,22 the
quality of life outcome measures, NCS, TNSS, SNOT-22,
and UPSIT, evaluate the impact of nasal symptoms on a
patient’s life.”2® TNSS examines nasal congestion, sneez-
ing, nasal itching, and rhinorrhea, whereas NCS represents
only the nasal congestion component.”* SNOT-22 includes
assessment of sleep, facial pain, and emotional well—being,25

and UPSIT assesses a patient’s sense of smell.>® The consis-
tent positive response to treatment across this diverse set of
outcome measures suggests that omalizumab can improve
both clinical and patient-reported aspects of NP. Moreover,
for each of these assessment measures, both cohorts of
each subgroup (e.g., both asthma yes and asthma no) consis-
tently indicated better outcomes in patients who received
omalizumab compared with placebo. The 95% CIs within
each subgroup overlapped considerably, indicating that
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greater improvements in both cohorts of each subgroup with
omalizumab treatment were comparable. Together, these
results suggest that none of the investigated clinical character-
istics of patients with NP stand out as having better or worse
response to omalizumab, despite previously reported differ-
ences in disease activity, severity, and treatment response asso-
ciated with these characteristics. Rather, omalizumab worked
effectively across all patient subgroups assessed.

The improvements achieved by patients who received
omalizumab versus placebo across all subgroups analyzed
in the present study may be explained in part by the mecha-
nism of action of omalizumab in directly targeting IgE.
Despite the established diversity in NP endotypes, there
exists considerable overlap between them, particularly sur-
rounding the role of IgE.> A cluster analysis of 173 cases
of chronic rhinosinusitis (CRS) sought to identify groups of
biomarkers sufficient to distinguish between CRS without
NP and CRSwNP.?” In that study, elevated IgE was identified
as a hallmark component of all clusters of patients associated
with NP, suggesting the importance of IgE across NP endo-
types.?” In NP, local IgE production in response to epithelial
barrier dysfunction and Staphylococcus aureus superantigen
activity can be central to NP formation.”®® At the cellular
level, IgE mediates the inflammatory pathway through inter-
actions with its 2 receptors, FceRI (high-affinity IgE recep-
tor) and FceRII (low-affinity IgE receptor), found on mast
cells, basophils, dendritic cells, airway smooth muscle
cells, and eosinophils, leading to release of proinflammatory
cytokines.>' ™ In turn, these cytokines aid in the recruitment
and expansion of inflammatory cells, which cause damaging
inflammation, tissue remodeling, fibrin deposition, and, ulti-
mately, polyp formation.>*” Therefore, it can be speculated
that by targeting IgE, a key mediator of type 2 inflammation
in NP endotypes, omalizumab disrupts the proinflammatory
cycle, reducing the burden of disease across a broad range
of patient subgroups.

The present analysis is not without limitations. The major-
ity of patients enrolled in this study were white and male,
which does not account for all patients with NP. Further,
despite pooling the POLYP 1 and POLYP 2 studies for anal-
ysis, some subgroups of patients were small. There is cur-
rently no standardized grading system for NPS, and
therefore, grading may differ between study centers. In
those patients who have had previous surgery, it is impossi-
ble to determine whether failure to improve in sense of smell
is a consequence of surgery or disease. Furthermore, there
was a lack of differentiation of surgery types undertaken
prior to our study. The recent EUFOREA expert board rec-
ommendations for biologic treatment of patients with uncon-
trolled severe type 2 CRSwNP do not differentiate past
surgery subtypes but encourage physicians and informed
patients to use a shared decision approach for treatment
that considers all aspects of past treatment history.*® Thus,
future studies that seek to evaluate the differences in the effi-
cacy of monoclonal antibodies between routine surgeries,

such as polypectomy, and more radical surgeries, such as
Draf III, prior to monoclonal antibody treatment would
enhance the understanding of treatment options. However,
the present study also has several inherent strengths. All of
the included subgroups were prespecified in the study statis-
tical analysis plan. Additionally, the inclusion of multiple
outcome measures suggests that the demonstrated efficacy
across subgroups is broadly applicable to biological end-
points (NPS) and patient-reported outcomes (NCS, TNSS,
SNOT-22, and UPSIT).

Together, these data suggest broad efficacy of omalizumab
across clinical and quality of life outcome measures in patients
with NP, including those with high eosinophil levels and who
have undergone previous surgery, which are associated with
high recurrence. Improvement among all population subgroups
may be explained by a shared underlying pathobiological
process of IgE-mediated inflammation.
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