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ABSTRACT [250/250 words]

Background: Chronic rhinosinusitis with nasal polyps (CRSWNP) frequently remains
uncontrolled despite maximal medical therapy and sinonasal surgery, presenting several unmet
needs and challenges. Omalizumab previously demonstrated efficacy in CRSWNP in duplicate,
phase 3, randomized, placebo-controlled trials (POLYP 1, POLYP 2).

Objective: This open-label extension evaluated continued efficacy, safety, and durability of
response of omalizumab in adults with CRSWNP who completed POLYP 1 or 2.

Methods: After 24 weeks of omalizumab or placebo in POLYP 1 and 2, patients (n = 249)
received open-label omalizumab plus background nasal mometasone for 28 weeks and were
subsequently followed for 24 weeks after omalizumab discontinuation. Efficacy endpoints
assessed change from baseline for the coprimary endpoints, Nasal Polyp Score and Nasal
Congestion Score, and the secondary endpoints of Sino-Nasal Outcome Test-22, Total Nasal
Symptom Score and its components, and University of Pennsylvania Smell Identification Test
scores. Safety objectives included incidence of adverse events (AEs) and AEs leading to
omalizumab discontinuation.

Results: Patients who continued omalizumab experienced further improvements across
coprimary endpoints and secondary endpoints through 52 weeks. Patients who switched from
placebo to omalizumab experienced favorable responses across endpoints through week 52
that were similar to POLYP 1 and 2 at week 24. After omalizumab discontinuation, scores
gradually worsened over the 24-week follow-up, but remained improved from pretreatment

levels for both groups. The safety profile was similar to previous reports.
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Conclusion: The efficacy and safety profile from this study supports extended omalizumab

treatment up to 1 year for CRSWNP with inadequate response to nasal corticosteroids.

Trial registration: NCT03478930

Clinical implications [31/35 words]
Results from this study reinforce and extend the findings of previous trials showing that
omalizumab is a viable longer-term alternative treatment for patients with CRSWNP with

inadequate response to nasal corticosteroids.

Capsule summary [35/35 words]
In this open-label extension study of POLYP 1/2, patients with severe CRSWNP with inadequate
response to nasal corticosteroids who were treated with omalizumab experienced significant

improvements in endoscopic, clinical, and patient-reported outcomes over 52 weeks.

Key words
Nasal polyps, rhinosinusitis, omalizumab, quality of life, nasal obstruction, Igk, asthma, nasal

corticosteroids, Nasal Polyp Score, Nasal Congestion Score
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AE: Adverse event

AERD: Aspirin-exacerbated respiratory disease
AQLQ: Asthma Quality of Life Questionnaire

CRS: Chronic rhinosinusitis

CRSWNP: Chronic rhinosinusitis with nasal polyps
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SCS: Systemic corticosteroids

SNOT-22: Sino-Nasal Outcome Test-22

TNSS: Total Nasal Symptom Score

UPSIT: University of Pennsylvania Smell Identification Test
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116  INTRODUCTION

117 Chronic rhinosinusitis (CRS) with nasal polyps (CRSWNP) is a common disorder of the
118 sinonasal passages.! Estimated prevalence of CRS is up to 15% of the population based on a
119  symptomatic definition, and between 3% and 6.7% of the population based on a combination
120  of symptoms and/or endoscopic findings.>* Nasal polyps are present in approximately 18% of
121  patients with CRS,% equating to an estimated CRSWNP prevalence between 2% and 4%.>”

122 CRSWNP, often used synonymously with nasal polyps, remains a disease with unmet
123  need because many patients remain uncontrolled despite standard of care treatment with
124  nasal corticosteroids, systemic corticosteroids (SCS), nasal irrigation, antileukotrienes,

125 antibiotics, aspirin desensitization, nasal antihistamines, and complex sinonasal surgeries.%?
126  Additionally, patients often experience diminished quality of life (QoL)'%*! across physical

127  functioning, facial pain, general health, vitality and social functioning, and emotional and

128 mental health domains, and are more likely than the general population to experience anxiety
129  and depression.!?

130 In CRSWNP, exposure to inhalant allergens,*3 fungi,* and Staphylococcus aureus'® can
131 initiate local, functional, polyclonal IgE production, which perpetuates inflammation and

132  disease progression in tissues by binding to or activating mast cells.'® The monoclonal antibody
133  omalizumab inhibits targets that cause symptoms?” and blocks perpetuation of inflammation by
134  selectively binding to IgE.*®1°

135 Omalizumab reduced nasal polyp size and improved symptoms in 2 randomized,

136  placebo-controlled, phase 3 trials (POLYP 1 and 2) in patients with CRSWNP with inadequate

137  response to nasal corticosteroids.?’ POLYP 1 and 2 met both coprimary endpoints, with
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significant reductions in Nasal Polyp Score (NPS) and average daily Nasal Congestion Score
(NCS) from baseline at week 24.2° Furthermore, secondary endpoints, including Sino-Nasal
Outcome Test-22 (SNOT-22), average daily sense of smell, postnasal drip, runny nose, and smell
test (University of Pennsylvania Smell Identification Test [UPSIT]), were significantly improved.
Rescue treatment with SCS or surgery was low. Improvements in NPS, NCS, and SNOT-22 were
similar in patients with CRSWNP with or without comorbid asthma.2® Pooled safety data in
POLYP 1 and 2 were similar for omalizumab and placebo. Adverse reactions were consistent
with those from clinical trials in patients with moderate-to-severe allergic asthma or chronic
spontaneous urticaria.

This open-label extension (OLE) study evaluated efficacy, safety, and durability of
response of omalizumab in an open-label setting in adults with CRSWNP who completed POLYP

1 or POLYP 2.
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METHODS
Study design and patient population

In this OLE, adults who were previously treated with omalizumab or placebo for 24
weeks during the replicate, phase 3, randomized, multicenter, double-blind, placebo-controlled
trials, POLYP 1 (NCT03280550) or POLYP 2 (NCT03280537), received open-label omalizumab for
an additional 28 weeks (up to week 52). Protocol and results for POLYP 1 and 2 have been
published previously.?? Patients aged 18-75 years with CRSWNP with inadequate response to
nasal corticosteroids could enroll in POLYP 1 and 2 if they had NPS of 5 or higher (22 for each
nostril), SNOT-22 of 20 or higher, and NCS of 2 or higher. Previous surgery and/or SCS use were
not required. Demographic data and medical history were collected during POLYP 1 and 2.

Omalizumab- or placebo-treated patients from POLYP 1 and 2 who completed
treatment and assessments through 24 weeks and completed eDiary daily assessments for at
least 4 of 7 days in the week before the week 24 study visit were eligible to enroll in the OLE.
Patients initially randomized to omalizumab in POLYP 1 and 2 continued on omalizumab for 28
additional weeks (from weeks 24-52), for 52 total weeks of treatment, and are referred to as
patients who continued omalizumab (Fig 1). Patients initially randomized to placebo in POLYP 1
and 2 received omalizumab for 28 weeks (from weeks 24-52), and are referred to as patients
who switched treatment. Patients and evaluating physicians remained blinded to treatment
assignment from POLYP 1 and 2, with no adjustments in dosing made through the OLE.
Protocol-specified study drug dosing was 75-600 mg by subcutaneous injection every 2 or 4
weeks, based on serum total IgE level (30-1500 IU/mL) and body weight (30-150 kg) measured

before treatment initiation in POLYP 1 and 2, as described previously.?® Omalizumab was



173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

Gevaert 10

withdrawn after the treatment period and patients were observed for an additional 24 weeks
(from weeks 52-76) as part of an off-treatment follow-up period to determine durability of
response to omalizumab. All patients remained on background nasal mometasone furoate daily
(400 pg, or 200 pg if intolerant to 400 pg) during POLYP 1 and 2 and the OLE.

The protocol was approved by respective institutional review boards and ethics
committees. All patients provided written informed consent. The study was conducted in
accordance with International Conference on Harmonisation Good Clinical Practice,?!

Declaration of Helsinki,?? and all applicable laws and regulations.

Assessments

The coprimary endpoint, NPS, was determined by video nasal endoscopy and scored by
2 independent sinus surgeons who were blinded to treatment group and period (randomized,
open-label vs follow-up). Scores ranged from no polyps (0) to nasal polyps reaching the floor of
the nasal cavity (4). Total NPS was the sum of both nasal cavities (score range, 0-8).2°

Patient-recorded efficacy outcomes of nasal congestion, sense of smell, postnasal drip,
and runny nose were collected daily using an eDiary (score range, 0 [not at all] to 3 [severe] for
each). Scores were analyzed individually and together in the combined Total Nasal Symptom
Score (TNSS) (score range, 0-12) as 7-day average scores. The nasal congestion question from
the eDiary forms the coprimary endpoint, NCS.%°

The validated health-related QoL measure, SNOT-22 (score range, 0-110; lower scores
indicate better disease control and Qol), was assessed at various study visits (Fig 1). Minimal

clinically important difference (MCID) is at least 8.9-point improvement.?3 UPSIT is a
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standardized, 40-item, “scratch-and-sniff” measure of olfactory function (score range, 0-40;
higher scores indicate better smell). Scores below 19 indicate complete loss of smell
(anosmia).?* Asthma Quality of Life Questionnaire (AQLQ) was administered to patients with
comorbid asthma (score range, 1-7; higher scores indicate better QolL).?>%°

To estimate a reduction in the need for sinonasal surgery, NPS and SNOT-22 measures
were intended to serve as proxy indicators to identify patients who were unlikely to require
surgical intervention. Criteria for those unlikely to need sinonasal surgery included NPS <4 (with
unilateral score of <2 on each side) when accompanied by SNOT-22 improvement of at least 1
MCID (>8.9 point) improvement.

Adverse events (AEs) and concomitant medications (including SCS) were monitored
throughout the OLE. If sinonasal surgery was required during the treatment phase, study
medication was discontinued, while study assessments continued throughout the treatment

phase.

Statistical analyses

No formal sample size calculation was performed because most patients completing the
POLYP 1 and 2 studies were eligible for enroliment. Data for all efficacy analyses are pooled
from POLYP 1 and 2 and are presented by assigned treatment group in POLYP 1 and 2; patients
who switched and continued omalizumab were formerly randomized to placebo and
omalizumab, respectively. Baseline was defined as last measurement before randomization in
POLYP 1 and 2 to allow for continuous graphical assessment of each endpoint over the 52-week

treatment period.
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For coprimary (NPS, NCS) and secondary (SNOT-22, postnasal drip, runny nose, sense of
smell, TNSS, UPSIT) endpoints, change from baseline was analyzed using a mixed-effect model
of repeated measures (MMRM), including the POLYP 1 or 2 studies, baseline score, geographic
region, asthma comorbidity, nonsteroidal anti-inflammatory drug-exacerbated respiratory
disease status, time point, treatment arm, treatment-time point interaction, and baseline
score-time point interaction as covariates. Pre-specified MMRM models were applied to
compare patients who were originally randomized to omalizumab versus placebo for all time
points, including Week 52, however, without controlling for multiplicity.

Post hoc comparisons between weeks 24 and 52 for patients randomized to omalizumab
were performed to evaluate whether extending omalizumab treatment to 52 weeks might
further improve outcomes for a restricted set of endpoints: NPS, NCS, SNOT-22, and TNSS. In
addition to the primary endpoints, post hoc analyses were performed only on composite
symptom scores, and not on individual scores, to limit the chance of spurious results. A further
subgroup analysis was performed to assess NPS and NCS change from baseline using a MMRM
model in patients with versus without comorbid asthma and aspirin-exacerbated respiratory

disease (AERD).

RESULTS
Study disposition, baseline demographics, and clinical characteristics

Of 265 patients enrolled in POLYP 1 and 2, 249 patients enrolled into the OLE. Most
enrolled patients completed the OLE treatment (95.6%) and treatment-free follow-up (92.8%)

periods. Reasons for discontinuation included AEs (n = 2), lack of efficacy (n = 6), and
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239  withdrawal by patient (n = 3) during the OLE treatment period, and lack of efficacy (n = 1) and
240  withdrawal by patient (n = 9) during the OLE treatment-free follow-up period.

241 Demographic and clinical characteristics at the start of POLYP 1 and 2 were similar

242  between treatment arms (Table E1), but varied across treatment groups at OLE study initiation
243  (week 24) because a better response profile was observed for omalizumab- versus placebo-
244  treated patients in the POLYP 1 and 2 studies (Table E2). Nasal symptom, NPS, and SNOT-22
245  scores were lower in omalizumab- versus placebo-treated patients in POLYP 1 and 2. Mean
246  UPSIT scores were higher in omalizumab- versus placebo-treated patients in POLYP 1 and 2.
247

248  Changes in primary endpoints: NPS and NCS

249 At week 24, there was a difference between treatment arms in NPS (treatment

250 difference, -0.82; P <.0001) and NCS (treatment difference, —0.54; P < .0001; Fig 2A-B)

251  attributed to omalizumab treatment in POLYP 1 and 2. Week 24 corresponds to the last

252  assessment time point in POLYP 1 and 2 and the start of the OLE. In patients who continued
253  omalizumab, further improvements were observed during the OLE treatment period, with
254  mean changes from baseline of -1.01 at week 24 and -1.31 at week 52 in NPS and -0.85 at
255  week 24 and -1.12 at week 52 in NCS. In patients who switched to omalizumab during the OLE
256  (previously randomized to placebo), large improvements in NPS and NCS were observed after
257  omalizumab initiation. Improvements for NPS and NCS for patients who switched were from
258 -0.19 and -0.31 at week 24 to -0.97 and -0.99 at week 52, respectively.

259 NPS and NCS gradually worsened during the OLE treatment-free follow-up period from

260 week 52, but remained below omalizumab pretreatment levels for both groups. At week 76,
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NPS was -0.54 and -0.48 and NCS was -0.65 and -0.58 in patients who continued and switched

to omalizumab, respectively.

Secondary endpoints
Changes in other eDiary-related endpoints. At OLE study initiation at week 24, omalizumab
was associated with improvements above placebo in postnasal drip, runny nose, sense of smell,
and TNSS (Fig 3A-D). Improvements through the OLE treatment period continued in patients
who continued omalizumab, with mean changes from baseline of -2.82 at week 24 and -3.83 at
week 52 in TNSS. In patients who switched from placebo to omalizumab during the OLE, large
improvements in postnasal drip, runny nose, sense of smell, and TNSS were observed after
omalizumab initiation, and reached their peak of -3.01 in TNSS at week 52.

All 4 metrics gradually worsened during the OLE treatment-free follow-up period, but
remained improved from baseline. Mean changes from baseline at week 76 in TNSS were -1.63
and -2.18 points in patients who switched and continued omalizumab during the OLE

treatment period, respectively.

Changes in UPSIT, SNOT-22, and AQLQ. UPSIT scores improved for omalizumab versus placebo
from baseline to week 24 during POLYP 1 and 2 (Fig 4A). Improvements were maintained
through week 52 of the OLE treatment period in patients who continued omalizumab, with
mean changes from baseline of 4.24 at week 24 and 4.13 at week 52. In patients who switched
to omalizumab, improvements in UPSIT scores reached a peak improvement of 3.88 points at

week 52. However, this score is still within the range of anosmia.
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UPSIT scores gradually worsened during the OLE treatment-free follow-up period, but
remained improved by a mean 0.62 and 1.42 points at week 76 in patients who switched and
continued omalizumab, respectively.

SNOT-22 scores were improved for omalizumab versus placebo at week 24 of POLYP 1
and 2 (Fig 4B). In patients who continued omalizumab, mean SNOT-22 scores improved from
-23.56 points at week 24 to -28.47 points at week 52. In patients who switched to omalizumab,
SNOT-22 scores showed a large improvement from baseline after omalizumab initiation to
-22.39 points at week 52. SNOT-22 scores gradually worsened during the OLE treatment-free
follow-up period to -15.37 and -19.44 points in patients who switched or continued
omalizumab, respectively, at week 76.

AQLQ scores in patients with asthma (Fig 4C) also improved rapidly over the OLE
treatment period in patients who switched to omalizumab. In patients who continued
omalizumab, AQLQ scores were maintained over the OLE treatment period. AQLQ scores
declined slowly over the 24-week OLE treatment-free follow-up period, but remained improved

versus baseline.

Exploratory endpoints

SCS rescue treatment lasting at least 3 consecutive days from randomization through
week 52 (including both the phase 3 randomized studies and the OLE) was required in 10 of 123
patients continuing on omalizumab treatment (8.1%). In comparison, 3 of 129 (2.3%) patients
receiving omalizumab and 8 of 129 (6.2%) receiving placebo required rescue SCS treatment in

the POLYP 1 and 2 studies (weeks 0-24).2° Sinonasal surgeries from randomization in the phase
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305 3 study portion through week 52 of the OLE was observed for 5 of 123 (4.1%) patients

306  continuing on omalizumab. No sinonasal surgeries were recorded in the POLYP 1 and 2

307  studies.”® Reduced need for surgery (NPS <4 and >-8.9-point SNOT-22 improvement from

308 baseline) by weeks 36 and 52 was estimated in 26 (22.6%) and 32 (27.8%) of 115 patients who
309 received omalizumab in the POLYP 1 and 2 studies and continued on omalizumab in the OLE,
310 respectively.

311

312  Additional analyses

313 Improvements were noted for TNSS and SNOT-22 at week 52 when comparing the

314  placebo- versus omalizumab-randomized treatment arms (Table |). This corresponds to 28 or 52
315  weeks of omalizumab treatment in the placebo versus omalizumab treatment arms,

316  respectively.

317 In post hoc analyses, notable improvements were observed for NPS, NCS, TNSS, and
318 SNOT-22 at week 52 versus week 24 in patients randomized to omalizumab in the POLYP 1 or 2
319 studies (Table Il). This corresponds to 24 or 52 weeks of omalizumab treatment. Patients with
320 comorbid asthma and AERD who continued on omalizumab had similar mean improvements in
321 NPS and NCS at week 52 compared with patients without asthma or AERD (Table E3).

322

323  Safety and tolerability

324 During the OLE treatment period, 278 nonserious AEs and 10 serious AEs were reported.
325 Nasopharyngitis was reported by more than 5% of the POLYP 1 and 2 placebo-treated

326  population. Eleven (4.4%) patients reported 41 investigator-assessed treatment-related events,
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all of which were nonserious. One patient withdrew due to itching skin (pruritus). Other
common treatment-related AEs were injection site reactions (eg, bruising, pain, inflammation).

During the OLE treatment-free follow-up period, 190 nonserious AEs and 11 serious AEs
were reported. Most common AEs were nasal polyps (13 patients; 5.2%), nasopharyngitis (12
patients; 4.8%), and asthma exacerbation (10 patients; 4.0%).

One case of prostate cancer was reported as an AE of special interest during the OLE
treatment period and was considered unrelated to omalizumab. There were no cases of drug-
induced liver injury as defined by Hy’s Law,?’ but 1 patient discontinued open-label omalizumab
after the first dose due to a nontreatment-emergent AE of nonserious autoimmune hepatitis
that developed as the patient was completing the POLYP 1 or 2 studies. The event was

considered unrelated to omalizumab. There were no cases of anaphylaxis (Table Ill).
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DISCUSSION

CRSWNP remains a chronic, difficult-to-treat disease, with substantial impact on QoL.
The phase 3 placebo-controlled trials, POLYP 1 and 2, previously demonstrated statistically and
clinically significant improvements in the coprimary endpoints, NPS and NCS, after 24 weeks of
omalizumab with background nasal corticosteroids.?’ Improvements in NPS and NCS were
accompanied by significant improvements in patient-reported symptoms and disease-related
QoL (TNSS, SNOT-22, sense of smell, postnasal drip, runny nose) and smell test (UPSIT).

In this OLE, patients with CRSWNP continuing omalizumab through 52 weeks
experienced further improvements in the coprimary endpoints of NPS and NCS and most
secondary efficacy endpoints of TNSS, SNOT-22, and AQLQ. Additionally, in patients who
received omalizumab for the first time, the findings of this OLE are generally similar to those in
POLYP 1 and 2, with large improvements in symptomatic scores and NPS. These data provide
further evidence of omalizumab efficacy in the nasal polyp indication, and suggest that efficacy
may improve with extended treatment.

Improvements across both coprimary endpoints were noted with extended omalizumab
treatment, with further improvements in NPS and NCS versus baseline from weeks 24 through
52. Furthermore, numerical improvements were observed in other eDiary patient-reported
symptoms and disease-related QoL measures (postnasal drip, runny nose, sense of smell, TNSS,
SNOT-22) with 52 weeks of omalizumab treatment. Smell, as measured with UPSIT, remained
similar to previous observations at week 24, but improved numerically when assessed by
eDiary. QoL improvements exceeded the commonly accepted SNOT-22 MCID of -8.9 points,?3

with a -28.47-point (>3 MCIDs) change after 52 weeks of omalizumab.
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Because of the open-label, nonplacebo-controlled study design, efficacy comparisons
were preplanned as descriptive. However, in patients continuing omalizumab from weeks 24 to
52, continuing improvements were observed across coprimary and secondary endpoints,
suggesting a benefit of extended omalizumab treatment. Association of reduced nasal polyp
burden with omalizumab treatment was strengthened by the observation that NPS was
determined by readers blinded to treatment assignment. Because of these findings, despite the
limitations, post hoc statistical analyses were performed to better understand if extended
omalizumab treatment of 52 weeks improved outcomes versus 24 weeks. NPS, NCS, SNOT-22,
and TNSS scores were compared between weeks 24 and 52 for those randomized to
omalizumab in POLYP 1 and 2, and across treatment arms at week 52.

In the post hoc analysis comparing weeks 24 and 52 in those randomized to omalizumab
in POLYP 1 and 2, improvements were noted for the coprimary endpoints (NPS, NCS) and both
composite symptom scores (SNOT-22, TNSS). Statistical tests excluded the null hypothesis of no
effect, although these were not prespecified. Nonetheless, the observed differences, when
combined with consistency of improvements across endpoints, make these results noteworthy.
Similarly, prespecified outcomes at week 52, comparing patients who had received
approximately 6 months of omalizumab versus those who had received 12 months of
omalizumab, overall supported the conclusion that further treatment with omalizumab led to
improved results. Although P values for NPS and NCS were above 0.05, there was again a
consistent finding of improvement across endpoints for patients who had received a longer

duration of omalizumab.
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The selection of which care pathway is suitable for each patient and the choice of when
and in which patients to start a biologic is nuanced, and guidance is continually developing. The
European Position Paper of Rhinosinusitis and Nasal Polyps (EPOS) criteria state that a patient
should have an appropriate medical therapy with or without oral corticosteroids or functional
endoscopic sinus surgery with reevaluation after 6 to 12 weeks.?® However, recommendations
from the 2021 European Forum for Research and Education in Allergy and Airway Diseases
(EUFOREA) expert board meeting do not require surgery before biologic use, and note that the
decision on choice of biologic should be made in partnership with an informed patient.
Moreover, regardless of previous treatment, omalizumab may also be a good therapeutic
choice in patients who have comorbid severe asthma and nasal polyps. Although the proportion
of patients who fulfilled EPOS criteria was not formally assessed in this study, previous surgery
and use of SCS were recorded, which served as a close proxy to EPOS criteria. In this patient
population, 59.0% of all patients had received previous surgery upon entering the trial and
22.1% of patients had received SCS in the year leading up to the trial. Altogether, 68.1% of
patients had received either SCS in the last year or had a history of surgery.

Extended omalizumab treatment may reduce need for sinonasal surgery over time. In
POLYP 1 and 2, 18.8% and 16.9%, respectively, met preestablished NPS and SNOT-22 criteria for
reduction in need for surgery.?? In this OLE, 22.6% and 27.8% of patients met criteria for
reduction in need for surgery after weeks 36 and 52, respectively.

In POLYP 1 and 2, omalizumab numerically reduced rescue treatment by SCS, but the
number of total events was low (2.3% of omalizumab-treated patients and 6.2% of placebo-

treated patients), making it difficult to draw conclusions.?° Additionally, there were no surgeries
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in POLYP 1 and 2, which one could speculate was due to improved adherence to their intranasal
corticosteroid treatment, along with an incentive to complete POLYP 1 and 2 to attain eligibility
for open-label omalizumab. In this OLE, again, only a small proportion of patients continuing on
omalizumab required rescue treatment (~9%) or surgery (~3%) throughout the OLE treatment
period, despite more than 50% of patients having had these interventions previously.

Although all other endpoints were specific to nasal polyps, AQLQ was the only measure
that looked at asthma outcomes, which was present in 57.0% of patients in this study. Of note,
asthma severity was mostly physician assessed as mild to moderate, and allergic asthma was
not assessed for this study. Despite this, AQLQ improvements at week 52 exceeded the MCID
(0.5 points)3° in patients who switched (0.52 points) and those who continued omalizumab
(0.95 points) during the OLE, suggesting that longer duration of treatment with omalizumab led
to better asthma outcomes. This study provides the first evidence that extended omalizumab
treatment may continue to improve asthma-related QoL in patients with CRSWNP with
comorbid asthma. Similar long-term improvements in AQLQ have been previously described in
omalizumab-treated patients with severe asthma, where AQLQ continued to show
improvements at 4 and 9 years.3!

A substantial proportion of patients with CRSWNP and asthma also have AERD.?%32
Approximately 27% of the OLE population also had a diagnosis of AERD.?° Although this group
remains as one of the hardest to treat,3 a case series (N = 29) of omalizumab3* suggested
biologics may be effective in patients with AERD. Both the pivotal studies® and this OLE study
demonstrate efficacy in this AERD population; however, further study is needed to better

understand efficacy in AERD compared with other populations.
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This OLE also examined durability of response after omalizumab withdrawal. After
discontinuation at week 52, scores gradually worsened across all efficacy endpoints, but
remained improved versus pretreatment levels at week 76. Such sustained effects and durable
response after discontinuation may be clinically important (eg, in event of a missed dose).
Potential explanations for this sustained efficacy include reversion to the mean or improved
penetration of nasal corticosteroids after treatment with a biologic. One speculative but
intriguing possibility is the potential for a disease-modifying effect of omalizumab on nasal
mucosal pathology, because these data also suggest that long-term treatment with omalizumab
results in anti-inflammatory effects that persist after stopping therapy. However, these results
should be viewed as hypothesis generating, and warrant longer follow-up to confirm. Further
studies should be undertaken examining tissue remodeling or regulation of type 2 inflammation
with biopsies and/or nasal secretions over time, perhaps with alternative biomarkers, including
periostin, tenascin C, or fibronectin.

Omalizumab was well tolerated, with no new or unexpected safety signals identified.
AEs were similar with those reported in POLYP 1 and 22° and to the well-established safety
profile for omalizumab in asthma and chronic spontaneous urticaria, based on a cumulative
exposure of over 16,000 patient-years in clinical trials and an estimated cumulative patient
exposure of over 1,300,000 patient-years in the postmarketing setting (data on file, Novartis).

Patients may be more likely to report symptomatic improvement when they know they
are on active drug. Because the OLE was not blinded, this may partially explain why significant
improvements are noted in analyses comparing weeks 52 and 24 in the omalizumab arm.?

However, findings for NPS, an objective endpoint assessed by blinded readers, were consistent
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with those of more subjective endpoints, suggesting that results were not entirely explained by
the open-label nature of this study. Additionally, patients who switched to omalizumab during
the OLE treatment period had similar results to those experienced by omalizumab-treated
patients during POLYP 1 and 2, making significant open-label bias less likely. The statistical
analyses are limited by lack of type | error control and the descriptive nature of the results.
Nonetheless, consistency of findings across multiple endpoints lends additional legitimacy to
our findings. Lastly, the effect of omalizumab on sinus inflammation cannot be directly
determined, only inferred, from symptomatic scores.

In conclusion, this OLE extends POLYP 1 and 2 findings, demonstrating that omalizumab
is efficacious and safe up to 52 weeks for treatment of CRSWNP in patients with inadequate
response to nasal corticosteroids. Furthermore, continuing efficacy improvements over time

support omalizumab for continued treatment in this patient group.



460

461

462

463

464

465

466

467

468

469

470

471

472

473

Gevaert 24

Acknowledgments
Third-party writing assistance was provided by Nicole Tom, PhD, of Envision Pharma Inc., and
funded by Genentech, Inc., a member of the Roche Group, and Novartis Pharmaceuticals

Corporation.

Data sharing statement
Qualified researchers may request access to individual patient level data through the clinical

study data request platform (https://vivli.org/). Further details on Roche's criteria for eligible

studies are available here (https://vivli.org/members/ourmembers/). For further details on

Roche's Global Policy on the Sharing of Clinical Information and how to request access to
related clinical study documents, see here

(https://www.roche.com/research and development/who we are how we work/clinical tri

als/our commitment to data sharing.htm).



https://vivli.org/
https://vivli.org/members/ourmembers/
https://www.roche.com/research_and_development/who_we_are_how_we_work/clinical_trials/our_commitment_to_data_sharing.htm
https://www.roche.com/research_and_development/who_we_are_how_we_work/clinical_trials/our_commitment_to_data_sharing.htm
https://www.roche.com/research_and_development/who_we_are_how_we_work/clinical_trials/our_commitment_to_data_sharing.htm

474

475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

Gevaert 25

REFERENCES

1.

10.

Stevens WW, Schleimer RP, Kern RC. Chronic rhinosinusitis with nasal polyps. J Allergy Clin
Immunol Pract 2016;4:565-72.

Benjamin MR, Stevens WW, Li N, Bose S, Grammer LC, Kern RC, et al. Clinical characteristics of
patients with chronic rhinosinusitis without nasal polyps in an academic setting. J Allergy Clin
Immunol Pract 2019;7:1010-6.

Dietz de Loos D, Lourijsen ES, Wildeman MAM, Freling NJM, Wolvers MDJ, Reitsma S, et al.
Prevalence of chronic rhinosinusitis in the general population based on sinus radiology and
symptomatology. J Allergy Clin Immunol 2019;143:1207-14.

Fokkens W1/, Lund V, Bachert C, Mullol J, Bjermer L, Bousquet J, et al. EUFOREA consensus on
biologics for CRSWNP with or without asthma. Allergy 2019;74:2312-9.

Johansson L, Akerlund A, Holmberg K, Melén |, Bende M. Prevalence of nasal polyps in adults:
the Skovde population-based study. Ann Otol Rhinol Laryngol 2003;112:625-9.

Klossek JM, Neukirch F, Pribil C, Jankowski R, Serrano E, Chanal |, et al. Prevalence of nasal
polyposis in France: a cross-sectional, case-control study. Allergy 2005;60:233-7.

Hedman J, Kaprio J, Poussa T, Nieminen MM. Prevalence of asthma, aspirin intolerance, nasal
polyposis and chronic obstructive pulmonary disease in a population-based study. Int J
Epidemiol 1999;28:717-22.

Bachert C, Zhang L, Gevaert P. Current and future treatment options for adult chronic
rhinosinusitis: focus on nasal polyposis. J Allergy Clin Immunol 2015;136:1431-40.

Newton JR, Ah-See KW. A review of nasal polyposis. Ther Clin Risk Manag 2008;4:507-12.

Hall R, Trennery C, Chan R, Gater A, Bradley H, Sikirica MV, et al. Understanding the patient
experience of severe, recurrent, bilateral nasal polyps: a qualitative interview study in the

United States and Germany. Value Health 2020;23:632-41.



498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

11.

12.

13.

14.

15.

16.

17.

18.

Gevaert 26

Schneider S, Campion NJ, Villazala-Merino S, Liu DT, Bartosik T, Landegger LD, et al. Associations
between the quality of life and nasal polyp size in patients suffering from chronic rhinosinusitis
without nasal polyps, with nasal polyps or aspirin-exacerbated respiratory disease. J Clin Med
2020;9:925.

McCoul ED. Does chronic rhinosinusitis lead to psychiatric disease? JAMA Otolaryngol Head
Neck Surg 2019;145:319-20.

Cao P-P, Zhang Y-N, Liao B, Ma J, Wang B-F, Wang H, et al. Increased local IgE production
induced by common aeroallergens and phenotypic alteration of mast cells in Chinese
eosinophilic, but not non-eosinophilic, chronic rhinosinusitis with nasal polyps. Clin Exp Allergy
2014;44:690-700.

Ohki Y, Okamoto Y, linuma T, Yamamoto H, Toyotome T, Yahiro M, et al. Local fungus-specific
Immunoglobulin E production in chronic rhinosinusitis with nasal polyps. Rhinology
2020;58:136-44.

Vickery TW, Ramakrishnan VR, Suh JD. The role of Staphylococcus aureus in patients with
chronic sinusitis and nasal polyposis. Curr Allergy Asthma Rep 2019;19:21.

De Schryver E, Devuyst L, Derycke L, Dullaers M, Van Zele T, Bachert C, et al. Local
immunoglobulin E in the nasal mucosa: clinical implications. Allergy Asthma Immunol Res
2015;7:321-31.

Dullaers M, De Bruyne R, Ramadani F, Gould HJ, Gevaert P, Lambrecht BN. The who, where, and
when of IgE in allergic airway disease. J Allergy Clin Immunol 2012;129:635-45.

Pennington LF, Tarchevskaya S, Brigger D, Sathiyamoorthy K, Graham MT, Nadeau KC, et al.
Structural basis of omalizumab therapy and omalizumab-mediated IgE exchange. Nat Commun

2016;7:11610.



521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

19.

20.

21.

22.

23.

24.

25.

26.

27.

Gevaert 27

Gasser P, Tarchevskaya SS, Guntern P, Brigger D, Ruppli R, Zbadren N, et al. The mechanistic and
functional profile of the therapeutic anti-IgE antibody ligelizumab differs from omalizumab. Nat
Commun 2020;11:165.

Gevaert P, Omachi TA, Corren J, Mullol J, Han J, Lee SE, et al. Efficacy and safety of omalizumab
in nasal polyposis: 2 randomized phase 3 trials. J Allergy Clin Immunol 2020;146:595-605.
International Council for Harmonisation. ICH harmonised guideline integrated addendum to ICH
E6(R1): guideline for Good Clinical Practice ICH E6(R2) ICH consensus guideline. Available at:
https://ichgcp.net/. Accessed January 20, 2021.

World Medical Association. World Medical Association Declaration of Helsinki — ethical
principles for medical research involving human subjects. Available at:
https://www.wma.net/policies-post/wma-declaration-of-helsinki-ethical-principles-for-medical-
research-involving-human-subjects/. Accessed November 21, 2019.

Hopkins C, Gillett S, Slack R, Lund VJ, Browne JP. Psychometric validity of the 22-item Sinonasal
Outcome Test. Clin Otolaryngol 2009;34:447-54.

Doty RL, Shaman P, Kimmelman CP, Dann MS. University of Pennsylvania Smell Identification
Test: a rapid quantitative olfactory function test for the clinic. Laryngoscope 1984;94:176-8.
Juniper EF, Guyatt GH, Willan A, Griffith LE. Determining a minimal important change in a
disease-specific quality of life questionnaire. J Clin Epidemiol 1994;47:81-7.

Juniper EF, Guyatt GH, Epstein RS, Ferrie PJ, Jaeschke R, Hiller TK. Evaluation of impairment of
health related quality of life in asthma: development of a questionnaire for use in clinical trials.
Thorax 1992;47:76-83.

Robles-Diaz M, Lucena M, Kaplowitz N, Stephens C, Medina-Caliz |, Gonzalez-Jimenez A, et al;

Spanish DILI Registry, SLatinDILI Network, Safer and Faster Evidence-based Translation



544

545

546

547

548

549

550

551

552

553

554

555

556

957

558

559

560

561

562

563

564

565

566

567

28.

29.

30.

31.

32.

33.

34.

35.

Gevaert 28

Consortium. Use of Hy's law and a new composite algorithm to predict acute liver failure in
patients with drug-induced liver injury. Gastroenterology 2014;147:109-18.e5.

Fokkens WJ, Lund VJ, Hopkins C, Hellings PW, Kern R, Reitsma S, et al. European Position Paper
on Rhinosinusitis and Nasal Polyps 2020. Rhinology 2020;58:1-464.

Bachert C, Han JK, Wagenmann M, Hosemann W, Lee SE, Backer V, 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;147:29-36.

Khusial RJ, Honkoop PJ, van der Meer V, Snoeck-Stroband JB, Sont JK. Validation of online
Asthma Control Questionnaire and Asthma Quality of Life Questionnaire. ERJ Open Res
2020;6:00289-2019.

Menzella F, Galeone C, Formisano D, Castagnetti C, Ruggiero P, Simonazzi A, et al. Real-life
efficacy of omalizumab after 9 years of follow-up. Allergy Asthma Immunol Res 2017;9:368-72.
Laidlaw TM, Mullol J, Fan C, Zhang D, Amin N, Khan A, et al. Dupilumab improves nasal polyp
burden and asthma control in patients with CRSWNP and AERD. J Allergy Clin Immunol Pract
2019;7:2462-5.e1.

Kowalski ML, Agache |, Bavbek S, Bakirtas A, Blanca M, Bochenek G, et al. Diagnosis and
management of NSAID-Exacerbated Respiratory Disease (N-ERD)—a EAACI position paper.
Allergy 2019;74:28-39.

Jean T, Eng V, Sheikh J, Kaplan MS, Goldberg B, Jau Yang S, et al. Effect of omalizumab on
outcomes in patients with aspirin-exacerbated respiratory disease. Allergy Asthma Proc
2019;40:316-320.

Wood L, Egger M, Gluud LL, Schulz KF, Jini P, Altman DG, et al. Empirical evidence of bias in
treatment effect estimates in controlled trials with different interventions and outcomes: meta-

epidemiological study. BMJ 2008;336:601-5.



Journal Pre-proof
evaert 29

568

569



570

571

572

573

574

575

576

577

TABLE I. Comparing outcome improvement across treatment arms at the week 52 visit

Placebo- Omalizumab-
Mean change from randomized randomized
baseline of POLYP 1 week 52* week 52* Difference P
or POLYP 2 (0 wk) (n=126) (n=123) (95% Cl) valuet
Total weeks of 28 in OLE only 52 - -
omalizumab
NCS -0.99 -1.12 -0.14 .2340
(score range, 0-3)% (-1.14, -0.83) (—1.28,-0.96) (—0.36, 0.09)
NPS -0.97 -1.31 -0.34 .0954
(score range, 0-8)% (—1.25, -0.69) (-1.60,-1.03) (—0.74, 0.06)
TNSS -3.01 -3.83 —-0.82 .0195
(score range, 0-12)% (—3.49, -2.53) (—4.31, -3.34) (-1.50, -0.13)
SNOT-22 -22.39 -28.47 —-6.07 .0056
(score range, 0-110)# (—=25.39, —19.40) (—31.52,-25.42) (-10.34,-0.92)

Data are mixed-effect model of repeated measures change from baseline in average daily

NCS averaged over the previous week or NPS for patients enrolled in the OLE.

P value and 95% ClI for the differences in adjusted means.

*Patients also received background nasal mometasone.

tStatistical tests were prespecified but not controlled for multiplicity.

Negative scores indicate improvement.
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TABLE Il. Comparing the outcome improvement at week 24 versus week 52 time points

within the omalizumab arm

Mean change from

baseline of POLYP 1 or Omalizumab Omalizumab Difference

POLYP 2 (0 wk) week 24* week 52* (95% Cl) P valuet
Weeks of omalizumab 24 52 — —
NCS -0.85 -1.12 -0.27 .0001
(score range, 0-3)* (-1.00, -0.70) (-1.28, -0.96) (-0.41, -0.14)

NPS -1.01 -1.31 -0.30 .0236
(score range, 0-8)* (-1.24, -0.78) (-1.60, -1.03) (-0.57, -0.04)

TNSS -2.82 -3.83 -1.01 <.0001
(score range, 0-12)% (-3.27,-2.36)  (-4.31,-3.34) (-1.40, -0.63)

SNOT-22 -23.56 -28.47 -4.91 .0009
(score range, 0-110)% (-26.55, -20.57) (-31.52,-25.42) (-7.79, -2.03)

Data are MMRM change from baseline in average daily NCS averaged over the previous

week or NPS for patients enrolled in the OLE.

P value and 95% ClI for the differences in adjusted means.

*n =123 for omalizumab. Patients also received background nasal mometasone.

tStatistical tests were conducted post hoc and not controlled for multiplicity.

Negative scores indicate improvement.
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588  TABLE lll. AEs during the OLE treatment and treatment-free follow-up periods

Gevaert 33

OLE treatment period

POLYP 1 and 2 study treatment*

OLE treatment-free

follow-up period

Placebo Omalizumab All patients All patients
(n = 125) (n = 124) (n = 249) (n = 249)
Total no. of AEs/SAEs 128/6 150/4 278/10 190/11
Patients with:
>1 AE, no. (%) 62 (49.6) 54 (43.5) 116 (46.6) 87 (34.9)
>1 SAE, no. (%) 6 (4.8) 3(2.4) 9 (3.6) 11 (4.4)
Treatment-related AE, no. (%) 6 (4.8) 5(4.0) 11 (4.4) 0
>1 AE leading to discontinuation of study drug, no. (%) 1(0.8) 0 1(0.4) —
AEs occurring in =5% of patients, no. (%)
Nasopharyngitis 7 (5.6) 5(4.0) 12 (4.8) —
Nasal polyps — — — 13 (5.2)

AEs identified as risks associated with omalizumab, no. (%)*
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Malignant neoplasms 0 1(0.8) 1(0.4) 0

SAE, serious adverse event.

Investigator text for AEs coded using Medical Dictionary for Regulatory Activities version 22.1.

*Patients also received background nasal mometasone.

tAEs identified as risks associated with omalizumab that were not observed in the study population included serum sickness syndrome/serum
sickness—like disease, anti-omalizumab antibodies, eosinophilic granulomatosis with polyangiitis/Churg-Strauss syndrome/hypereosinophilic

syndrome, thrombocytopenia, arterial thrombotic events, and parasitic infections.
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FIG 1. Study design schema for POLYP 1 and 2 and the OLE. *Timing of the visit is defined
relative to baseline of POLYP 1 or POLYP 2. Thus, the OLE treatment period of this study is 28
weeks and runs from the week 24 visit (~¥24 weeks after initiation of study drug in POLYP 1 or
POLYP 2) to the week 52 visit (~52 weeks after initiation of study drug in POLYP 1 or POLYP
2). The eDiary was completed daily throughout the study. Q2W, every 2 weeks; Q4W, every

4 weeks.

FIG 2. Mean change from baseline in (A) NPS and (B) NCS in the omalizumab OLE. Lower
scores for all indicate improvement from baseline. Dotted blue lines represent omalizumab

off-treatment periods; solid red lines reflect omalizumab on-treatment periods.

FIG 3. Mean change from baseline over 76 weeks of POLYP 1 and 2 and the OLE for (A)
postnasal drip, (B) runny nose, (C) sense of smell, and (D) TNSS. Lower scores for all indicate
improvement from baseline. Dotted blue lines represent omalizumab off-treatment periods;

solid red lines reflect omalizumab on-treatment periods.

FIG 4. Mean change from baseline over 76 weeks of POLYP 1 and 2 and the OLE for (A)
UPSIT, (B) SNOT-22, and (C) AQLQ. Higher scores for UPSIT and AQLQ indicate improvement
from baseline; lower scores for SNOT-22 indicate improvement from baseline. Dotted blue
lines represent omalizumab off-treatment periods; solid red lines reflect omalizumab on-

treatment periods.
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TABLE E1. Demographic and clinical characteristics at baseline of POLYP 1 and 2, safety

analysis set

POLYP 1 and 2 study treatment

Placebo Omalizumab All patients
(n =125) (n=124) (n =249)
Age (y), mean (SD) 51.5(11.8) 50.0 (13.1) 50.8 (12.5)
Male, no. (%) 81 (64.8) 79 (63.7) 160 (64.3)
Geographic region of study site,
no. (%)
North America* 30 (24.0) 30 (24.2) 60 (24.1)
Ex-North America 95 (76.0) 94 (75.8) 189 (75.9)
Mometasonet daily dose, no.
(%)
400 pg 117 (93.6) 118 (95.2) 235(94.4)
200 pg 8 (6.4) 6 (4.8) 14 (5.6)

Eosinophils (cells/uL), mean

(SD)

Total IgE (IU/mL), mean (SD)

Patients with asthma, no. (%)

353.9 (260.0)

178.1 (175.3)

68 (54.4)

326.7 (228.3)

170.3 (170.7)

74 (59.7)

340.4 (244.7)

174.3 (172.7)

142 (57.0)

Physician-assessed asthma
severity, no. (%)

Mild 28 (41.2) 23 (31.1) 51 (35.9)



Moderate

Severe
AQLQ score, mean (SD)
Patients with physician-

assessed AERD, no. (%)

Previous sinonasal surgery, no.

(%)
No. of previous sinonasal
surgeries, no. (%)

0

22
Time since last sinonasal
surgery, no. (%)
>1-5y
>S5y
SCS use in past year, no. (%)
Previous sinonasal surgery or
SCS use in past year, no. (%)
Planned dosing every 4 weeks,

no. (%)

38 (55.9)
2(2.9)
5.0 (1.3)

31 (24.6)

77 (61.6)

48 (38.4)
37 (29.6)

40 (32.0)

25 (32.5)
52 (67.5)
23 (18.4)

87 (69.6)

108 (86.4)

43 (58.1)
8 (10.8)
4.7 (1.3)

36 (29.3)

70 (56.5)

54 (43.5)
41 (33.1)

29 (23.4)

15 (22.1)
53 (77.9)
32 (25.8)

82 (66.7)

111 (89.5)

81 (57.0)
10 (7.0)
4.9 (1.3)

67 (26.9)

147 (59.0)

102 (41.0)
78 (31.3)

69 (27.7)

40 (27.6)
105 (72.4)
55 (22.1)

169 (68.1)

219 (88.0)

*United States, Canada, and Mexico.

tPatients received nasal mometasone as background treatment.



TABLE E2. Clinical characteristics at the week 24 study visit, safety analysis set

Parent study treatment

Placebo Omalizumab All patients
(n =125) (n=124) (n = 249)
NPS 6.1(1.4) 5.3 (1.5) 5.7 (1.5)
(score range, 0-8), mean (SD)*
NCS 2.1(0.9) 1.5 (1.0) 1.8 (1.0)
(score range, 0-3), mean (SD)*
Sense of smell 2.6 (0.8) 2.0(1.0) 2.3(0.9)
(score range, 0-3), mean (SD)*
Postnasal drip 1.7 (1.0) 1.1 (0.9) 1.4 (1.0)
(score range, 0-3), mean (SD)*
Runny nose 1.8 (1.0) 1.2 (0.9) 1.5 (1.0)
(score range, 0-3), mean (SD)*
TNSS 8.1 (3.0) 5.8 (3.0) 7.0(3.2)
(score range, 0-12), mean (SD)*
UPSIT 13.8 (7.7) 17.1(8.9) 15.5 (8.5)
(score range, 0-40), mean (SD) T
SNOT-22 52.1(20.1) 36.4 (23.5) 44.3 (23.2)
(score range, 0-22), mean (SD)*
Treatment duration (wk), mean (SD) 23.8(3.7) 23.8(3.6) 23.8(3.7)

*Higher scores indicate worse health status.
tHigher scores indicate better sense of smell; UPSIT score of O to 18 indicates total loss of

smell/anosmia.



TABLE E3. Improvements in NPS and NCS at week 52 by asthma subtype

Patient subgroup

Asthmatic and

aspirin sensitive Asthmatic not

(AERD) aspirin sensitive  No asthma
NPS (n) 31 42 50
Baseline 6.29 6.14 6.42
Point estimate -1.00 -1.35 -1.44
(95% Cl) (-1.58,-0.42) (-1.87,-0.84) (-1.88,-1.01)
NCS (n) 31 42 50
Baseline 2.36 2.40 2.25
Point estimate -0.92 -1.26 -1.13

(95% Cl) (-1.24, -0.61) (~1.54,-0.99)  (~1.39,-0.87)




Screening visit

Week

1

5-week
run-in

24-week treatment period

Omalizumab Q2W or Q4W

POLYP 1 and POLYP 2:

Placebo Q2W or Q4W

OLE:

28-week treatment period

Omalizumab Q2W or Q4W

OLE:

24-week follow-up period

Assessment schedule:

NPS
SNOT-22
UPSIT
AQLQ

Randomization (1:1) POLYP 12 OLE descriptive OLE descriptive
Coprimary end points comparison comparison
h Intranasal corticosteroids, background therapy o
-5 -10 4 8 16 24* 36 52 64 76
X X X X X X X X X X
X X X X X X X X X X
X X X X X X X X
X X X X X X X
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