
Journal Pre-proof

Add-on omalizumab for inadequately controlled severe pollinosis despite standard-of-
care: a randomized study

Kimihiro Okubo, MD, PhD, Mitsuhiro Okano, MD, PhD, Norio Sato, MSc, Yuko
Tamaki, MSc, Hiromi Suzuki, MPH, Alkaz Uddin, PhD, Robert Fogel, MD

PII: S2213-2198(20)30471-2

DOI: https://doi.org/10.1016/j.jaip.2020.04.068

Reference: JAIP 2861

To appear in: The Journal of Allergy and Clinical Immunology: In Practice

Received Date: 5 December 2019

Revised Date: 29 April 2020

Accepted Date: 29 April 2020

Please cite this article as: Okubo K, Okano M, Sato N, Tamaki Y, Suzuki H, Uddin A, Fogel R, Add-
on omalizumab for inadequately controlled severe pollinosis despite standard-of-care: a randomized
study, The Journal of Allergy and Clinical Immunology: In Practice (2020), doi: https://doi.org/10.1016/
j.jaip.2020.04.068.

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

© 2020 Published by Elsevier Inc. on behalf of the American Academy of Allergy, Asthma & Immunology

https://doi.org/10.1016/j.jaip.2020.04.068
https://doi.org/10.1016/j.jaip.2020.04.068
https://doi.org/10.1016/j.jaip.2020.04.068


1 
 

Title  1 

Add-on omalizumab for inadequately controlled severe pollinosis despite standard-of-care: a 2 

randomized study  3 

  4 

Authors 5 

Kimihiro Okubo, MD, PhD,a Mitsuhiro Okano, MD, PhD,b Norio Sato, MSc,c Yuko Tamaki, MSc,c 6 

Hiromi Suzuki, MPH,c Alkaz Uddin, PhD,d Robert Fogel, MDd 7 

 8 

Affiliations:  9 

a. Department of Otolaryngology, Nippon Medical School, Tokyo, Japan;  10 

b. Department of Otorhinolaryngology, International University of Health and Welfare 11 

School of Medicine, Narita, Japan;  12 

c. Novartis Pharma K.K., Tokyo, Japan; 13 

d. Novartis Pharmaceuticals Corporation, East Hanover, New Jersey, USA 14 

 15 

Corresponding author: 16 

Kimihiro Okubo, MD, PhD 17 

Department of Otolaryngology, Nippon Medical School, 1-1-5 Sendagi, Bunkyo-Ku, Tokyo 113-18 

8603, Japan 19 

Tel: +81-3-3822-2131, Fax: +81-3-5814-6207 20 

email: ent-kimi@nms.ac.jp 21 

 22 

Email Address of co-authors: 23 

Mitsuhiro Okano: mokano@iuhw.ac.jp 24 

Norio Sato: norio1.sato@novartis.com 25 

Yuko Tamaki: yuko.tamaki@novartis.com 26 



2 
 

Hiromi Suzuki: hiromi-1.suzuki@novartis.com 27 

Alkaz Uddin: alkaz.uddin@novartis.com 28 

Robert Fogel: robert.fogel@novartis.com 29 

 30 

Financial Support: 31 

The study was funded by Novartis Pharma AG, Basel, Switzerland.  32 

 33 

Conflict of interest: 34 

K. Okubo reports being a medical advisor of the study and receiving personal fees from Novartis 35 

Pharma during the conduct of the study; personal fees from Torii Pharmaceutical, Taiho 36 

Pharmaceutical, Mitsubishi-Tanabe Pharma, Meiji Seika Pharma, Kyorin Pharmaceutical, Ceolia 37 

Pharma, and Astellas Pharma outside the submitted work. M. Okano reports being a medical 38 

advisor of the study and receiving personal fees from Novartis Pharma during the conduct of the 39 

study; personal fees from Kyorin Pharm Co. and Sanofi; and grants and personal fees from 40 

Tanabe Mitsubishi Pharm and Taiho Pharm Co. outside the submitted work. N. Sato, Y. Tamaki, 41 

H. Suzuki, A. Uddin and R. Fogel report being employees of Novartis Pharma. 42 

 43 

Word count for Manuscript text: 3491/ 3500 44 

 45 



3 
 

ABSTRACT 46 

 47 

Background 48 

Cedar pollinosis (CP), a common form of seasonal allergic rhinitis (AR), is a substantial medical 49 

problem in Japan due to its high prevalence and severe symptoms. Omalizumab (anti-IgE 50 

therapy) has previously proven effective in CP/AR, but no studies for inadequately controlled 51 

severe CP/AR despite standard-of-care (SoC) have been conducted. 52 

Objective 53 

To determine the efficacy of omalizumab added to SoC in patients with inadequately controlled 54 

severe CP in a randomized, double-blinded, placebo-controlled, phase III study. 55 

Methods 56 

Severe adult/adolescent CP patients whose symptoms were inadequately controlled despite 57 

nasal corticosteroids plus one or more oral medications in the previous two seasons were 58 

randomized to receive omalizumab (n = 162) or placebo (n = 175). All patients received 59 

concomitant antihistamines and nasal corticosteroids as SoC. The primary endpoint was the 60 

mean nasal symptom score during the severe symptom period. Secondary endpoints included 61 

mean ocular symptom score, quality-of-life, and safety. 62 

Results 63 

The SoC + omalizumab treatment had statistically significantly and clinically important lower 64 

nasal (LS mean difference, -1.03, p<0.001) and ocular (-0.87, p<0.001) symptom scores 65 

compared with SoC + placebo respectively. Differences in scores for individual components of 66 

nasal and ocular symptoms were also statistically and clinically significant. SoC + Omalizumab 67 

also improved QoL scores as overall and in all domains. No unexpected safety signals were 68 

observed. 69 

Conclusions 70 
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In severe CP patients, omalizumab added to SoC demonstrated consistent efficacy in improving 71 

symptoms and QoL, and was well-tolerated. These results indicate omalizumab could be a 72 

promising therapeutic option for severe CP/AR. 73 

(246/250 words) 74 

 75 

The clinical trial registration number: ClinicalTrials.gov: NCT03369704; EudraCT: 2017-76 

002154-36 77 

 78 

Highlights Box 79 

What is already known about this topic?  80 

Omalizumab (anti-IgE therapy) has previously proven effective in allergic rhinitis (AR) including 81 

cedar pollinosis (CP), but the effect of add-on omalizumab for inadequately controlled severe 82 

CP/AR despite standard-of-care (SoC) is unknown. 83 

 (31/35 words) 84 

 85 

What does this article add to our Knowledge? 86 

Our randomized, placebo-controlled, phase III study provides the first evidence that in 87 

inadequately controlled severe CP patients despite SoC, add-on omalizumab led to consistent 88 

efficacy in improving symptoms, quality-of-life, work productivity and was well-tolerated. 89 

(34/35 words) 90 

 91 

How does this study impact current management guidelines?  92 

Our study results indicate that omalizumab could be a new promising treatment option for 93 

patients with inadequately controlled severe CP/AR and optimize the overall management of 94 

these patients. 95 

(28/35 words) 96 
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 97 

Keywords: antihistamines, allergic rhinitis, nasal corticosteroids, nasal symptom, ocular 98 

symptom, omalizumab, quality of life, work productivity, severe cedar pollinosis 99 

 100 

Abbreviations:  101 

AEs:  Adverse events 102 

AR:  Allergic rhinitis  103 

ARIA:  Allergic Rhinitis and its Impact on Asthma 104 

CI:  Confidence interval 105 

CP:  Cedar pollinosis 106 

FAS:  Full analysis set 107 

IgE:  Immunoglobulin E 108 

JRQLQ: Japanese Rhino-conjunctivitis Quality of Life Questionnaire 109 

LS mean: Least squares mean 110 

LTRA:  Leukotriene receptor antagonist 111 

QoL:  Quality-of-life 112 

SAEs:  Serious AEs  113 

SoC:  Standard-of-care 114 

WPAI-AS: Work Productivity and Activity Impairment Questionnaire-Allergy Specific  115 

 116 

 117 

 118 

 119 

 120 

 121 

 122 
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INTRODUCTION  123 

Allergic rhinitis (AR) is one of the most common and increasingly prevalent diseases worldwide, 124 

affecting over 500 million people.1,2 Major symptoms of AR are sneezing, watery rhinorrhea, 125 

nasal congestion and nasal itching, frequently accompanied by ocular symptoms including itchy 126 

and watery eyes. AR greatly reduces quality-of-life (QoL), impairing daily activities including 127 

work/school performance, and sleep quality.1-4 128 

In Japan, cedar pollinosis (CP), a form of seasonal AR caused by Japanese cedar pollen 129 

(Cryptomeria japonica), is a substantial medical problem due to its high prevalence and severe 130 

symptoms.2,5 Approximately 30% of the Japanese population suffered from CP in 2008, which 131 

was a 10% increase compared with 1998.2 In addition, a recent survey conducted by the Tokyo 132 

Metropolis showed that the prevalence of this disorder in Tokyo in 2017 has been estimated to 133 

be 45.6%.6 Japanese cedar trees, covering approximately 18% of the total land area of Japan 134 

produce large amounts of pollen, which can travel long distances (˃100 km in some cases), 135 

thus reaching big cities including Tokyo and Osaka.5,7 In Tokyo, the pollen season starts in 136 

early/mid-February and lasts until mid/late-April; between early March and early April, the pollen 137 

scatters heavily. The subsequent exposure is the cause of severe symptoms of CP. An internet-138 

based survey reported that more than 90% of CP patients were moderate/severe on the 139 

symptom scale according to the Allergic Rhinitis and its Impact on Asthma (ARIA) guideline.8 140 

Oral antihistamines and nasal corticosteroids are the primary treatments for AR including 141 

CP.1,2,9 The Japanese guideline for AR2 recommends early intervention just after the 142 

development of symptoms or the start of pollen dispersal. Oral antihistamines are most 143 

frequently used for the initial treatment. Nasal corticosteroids are generally added for 144 

subsequent aggravation of nasal symptoms along with the increasing amount of pollen 145 

scattered as the season progresses. Leukotriene receptor antagonists (LTRAs) or 146 

vasoconstrictor agents are available for patients with severe nasal congestion. According to an 147 
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internet survey,8 approximately 50% of Japanese patients had severe symptoms in the CP 148 

season based on the Japanese guideline,2 and 10% were unsatisfied with the efficacy of current 149 

standard-of-care (SoC). Severe CP symptoms impair patients’ QoL, making the disease a huge 150 

burden for the patients.2,5,8,10 Of note, the market for CP medications and the economic cost due 151 

to absenteeism in CP is estimated to be approximately 200 to 300 billion yen (2.2-3.3 billion US 152 

dollars) and 60 billion yen (543 million US dollars) per season, respectively.5 153 

Consequently, new treatments are needed for those patients whose symptoms are inadequately 154 

controlled with SoC. The recommended treatment strategy for AR from the ARIA guideline1 is to 155 

combine interventions at different levels, which should improve the clinical outcome; thus, a 156 

medication with a different mode of action from the current SoC would be expected to be most 157 

efficacious.  158 

Omalizumab is a humanized anti-immunoglobulin E (IgE) antibody, which blocks the binding of 159 

IgE to high-affinity receptors (FceRI) on effector cells including mast cells and basophils,11 160 

thereby preventing the activation of the IgE-mediated allergic cascade.12 Omalizumab is 161 

indicated for treatment of moderate-to-severe allergic asthma and chronic 162 

spontaneous/idiopathic urticaria worldwide.13 AR including CP is a type I allergic disease 163 

mediated by allergen-specific IgE, therefore omalizumab is expected to be effective for these 164 

diseases. 165 

In fact, previous studies demonstrated that omalizumab was effective and safe in patients with 166 

AR induced by various kinds of allergens, such as ragweed,14,15 birch pollen16,17 and dust mite;18 167 

In Japan, CP compared with placebo19 and suplatast tosilate (a selective T-helper type 2 168 

cytokine inhibitor),20 and in treatment for two consecutive CP seasons.21 However, no studies to 169 

date have evaluated the effect of add-on omalizumab in patients with inadequately controlled 170 

severe CP/AR despite SoC. This randomized, double-blinded phase III study was designed to 171 

demonstrate the efficacy and safety of omalizumab compared with placebo, as an add-on to 172 
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SoC (antihistamines and nasal corticosteroids) in adult and adolescent patients with 173 

inadequately controlled severe CP during the previous two seasons. 174 

 175 

 176 

 177 

 178 

 179 

 180 

 181 

 182 

 183 

 184 

 185 

 186 

 187 

 188 

 189 

 190 

 191 

 192 

 193 

 194 

 195 

 196 

 197 
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METHODS 198 

Study design 199 

This randomized, double-blind, parallel-group, placebo-controlled phase III study was conducted 200 

at 22 sites in and around Tokyo in Japan between December 2017 and October 2018 201 

(ClinicalTrials.gov: NCT03369704; EudraCT: 2017-002154-36). The study consisted of 3 distinct 202 

study periods: a screening period (1 to 5 weeks), a double-blind treatment period (12 weeks), 203 

and a post-treatment follow-up (24 weeks after the last dose of study drug; Fig 1). Following 204 

screening, eligible patients were assigned (1:1) to omalizumab or placebo group added to SoC 205 

via interactive response technology using stratified block randomization (randomization strata: 206 

age group, coexistence of perennial AR, dose frequency and presence of symptom at initial 207 

drug administration). As SoC, all patients received concomitant antihistamines and nasal 208 

corticosteroids; Fexofenadine hydrochloride (oral, 120 mg/day, twice daily) was used throughout 209 

the treatment period. For 4 weeks (March 5 to April 1) which was expected to be the severe 210 

pollen scattering season, nasal fluticasone propionate (100 µg/day, twice daily for aged ≥ 12 to 211 

< 15 years; 200 µg/day, twice daily for aged ≥ 15 to < 75 years) was used, irrespective of their 212 

symptoms. Permitted rescue medication during the treatment period, included tramazoline 213 

hydrochloride (0.118% nasal solution) and levocabastine hydrochloride (0.025% ophthalmic 214 

solution). An electronic diary was used to record nasal/ocular symptoms, and usage of rescue 215 

medications on a daily basis. At the post treatment follow-up, blood was collected for 216 

assessments of anti-omalizumab antibody.  217 

The study protocol was approved by the Institutional Review Board at each site. All patients 218 

provided written informed consent. 219 

 220 

Patients 221 

Eligible patients were aged ≥12 to <75 years with confirmed diagnosis of inadequately 222 

controlled severe CP despite nasal corticosteroids plus one or more oral medications from  223 
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(i) antihistamine, (ii) LTRA, or (iii) prostaglandin D2/thromboxane A2 receptor antagonist in the 224 

previous two seasons, and with levels of serum specific IgE to cedar pollen (ImmunoCAP) of 225 

≥3.5 UA/mL (class 3). Patients must have had inadequately controlled symptoms lasting at least 226 

1 week defined as presence of all symptoms including sneezing, rhinorrhea, and nasal 227 

congestion, which were in total categorized as most severe or severe according to the 228 

Japanese guideline (see Table E1,A and B in the online repository).2 Key exclusion criteria were 229 

patients with active rhinitis other than AR (e.g., acute or chronic rhinitis, or idiopathic rhinitis), an 230 

active nose disease other than AR (e.g., acute or chronic rhinosinusitis, or deviated septum) 231 

which could affect the evaluation of efficacy, elevated serum IgE levels for reasons other than 232 

allergy, and operative treatment for AR within 1 year prior to the study. 233 

 234 

Doses and administration 235 

Dose (75 to 600 mg) and dosing frequency (every 2 or 4 weeks) of omalizumab or matching 236 

placebo by subcutaneous injection were determined by serum total IgE level (IU/mL) and body 237 

weight (kg) measured during the screening period, according to the same dosing table (see 238 

Table E2 in the online repository) as that for allergic asthma.22 This dosing table was used in the 239 

majority of previous omalizumab studies for AR including CP.18-21 Initial administration of study 240 

drug was planned from January 19 to February 10. 241 

 242 

Endpoints and assessments 243 

The primary endpoint was the mean nasal symptom score with omalizumab versus placebo 244 

during the severe symptom period. The nasal symptom score (0–12 points) consists of the sum 245 

of the scores of severity of sneezing (0–4 points), rhinorrhea (0–4 points), and nasal congestion 246 

(0–4 points, where 0 is none and 4 is severe) according to the Japanese guideline (see Table 247 

E1,A in the online repository).2 The severe symptom period was defined as the consecutive 3 248 

weeks where the cumulative value of the mean daily nasal symptom score was the maximum.23 249 
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The mean daily nasal symptom score was defined as the total nasal symptom score of all 250 

patients, divided by the non-missing number of patients per day. The 3 weeks must have met 251 

one of the following criteria: (i) ≥70% of the period with concomitant use of fluticasone 252 

propionate was included in this 3 weeks or (ii) ≥70% of this 3 weeks included the period with 253 

concomitant use of fluticasone propionate and if (i) or (ii) were not met then, severe symptom 254 

period was to be extended at a minimum to meet one of them.  255 

Secondary endpoints included mean ocular symptom score, nasal and ocular rescue medication 256 

scores, nasal symptom free days, Japanese Rhino-conjunctivitis Quality of Life Questionnaire 257 

(JRQLQ No.1 part II) score2,24-26 and safety. Ocular symptom score (0–8 points) is the sum of 258 

the scores for severity of itchy eye (0–4 points) and watery eye (0–4 points) (see Table E3 in the 259 

online repository). Rescue medication scores were given for tramazoline hydrochloride (1 point), 260 

and levocabastine hydrochloride (1 point).2 Severity in nasal symptom was subdivided into 5 261 

categories (most severe, severe, moderate, mild and no symptom) according to the Japanese 262 

guideline (see Table E1,B in the online repository)2 and a nasal symptom free day was defined 263 

as a day where all nasal symptoms were not more than mild in severity. The JRQLQ includes 264 

17 QoL-related questionnaire (0-4 points), which were divided into 6 domains including; usual 265 

daily activities, outdoor activities, social functioning, sleep problem, general physical problems, 266 

and emotional function.24 Safety was assessed by monitoring adverse events (AEs) during the 267 

treatment period. Anti-omalizumab antibodies (IgG) were measured by ELISA as previously 268 

described.14 269 

Exploratory endpoints included Work Productivity and Activity Impairment Questionnaire-Allergy 270 

Specific (WPAI-AS) score.10,27 271 

 272 

Statistical analysis 273 

A sample size of 155 patients per group was required to provide 90% power to detect a 0.87 274 

difference in the mean nasal symptom score between treatment groups, assuming a 275 
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significance level of 0.05 (two-sided) and a common standard deviation of 2.35. A 0.87 276 

difference (0.29 for each nasal symptom of sneezing, rhinorrhea and nasal congestion) was 277 

considered clinically relevant.28 Assuming an early discontinuation rate of approximately 10%,  278 

a total of 346 patients were planned to be randomized. 279 

Statistical analyses of efficacy variables were performed on the full analysis set (FAS), which 280 

consisted of all randomized patients who received at least one dose of the study drug. Following 281 

the intent-to-treat principle, patients in the FAS were analyzed according to the treatment 282 

assigned at randomization. Among patients in the FAS, those who recorded their nasal 283 

symptom scores on at least 50% of days during the severe symptom period were included in the 284 

analyses for symptom and medication scores. For primary analysis, the mean nasal symptom 285 

score was compared between treatments using an analysis of variance model with treatment 286 

group, and randomization strata. Least squares (LS) means difference between treatment 287 

groups and corresponding 95% confidence interval (CI) as well as p-value were calculated 288 

based on the model, considering a weight of the strata. The statistical analysis tested the null 289 

hypotheses of no difference between omalizumab and placebo at the 2-sided significance level 290 

of 5%. In addition, subgroup analyses by baseline characteristics were performed. The 291 

secondary efficacy variables (mean symptom score, and mean rescue medication score) were 292 

analyzed using the same model as the primary variable. The JRQLQ score and the WPAI-AS 293 

score at the severe symptom period was analyzed using the same model as the primary 294 

efficacy variable. The number of nasal symptom free days during the severe symptom period 295 

was analyzed by stratified Wilcoxon rank sum (van Elteren) test with randomization strata. 296 

Stratified Hodges-Lehmann estimate for the median was derived for the difference between 297 

treatment groups with its CI and p-value from van Elteren test. Descriptive statistics were used 298 

to summarize number of days with each nasal symptom severity during the severe symptom 299 

period and all safety variables. The assessment of safety was performed on all patients who 300 
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received at least one dose of study drug. Patients were grouped according to treatment they 301 

received. Missing data were not imputed. 302 

SAS version 9.4 (SAS Institute Inc, Cary, NC) was used for all analyses. 303 

 304 

 305 

 306 

 307 

 308 

 309 

 310 

 311 

 312 

 313 

 314 

 315 

 316 

 317 

 318 

 319 

 320 

 321 

 322 

 323 

 324 

 325 

 326 
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RESULTS 327 

Patients 328 

Of 337 randomized patients, 336 patients [omalizumab group added to SoC (SoC + 329 

omalizumab), n = 161; placebo group added to SoC (SoC + placebo), n = 175] received 330 

injections of the study drug on Day 1, and 330 patients (97.9%) completed the treatment period 331 

(Fig 2). In both treatment groups, approximately 90% of the patients received study drug 4-332 

weekly. 333 

The baseline demographics and clinical characteristics were well balanced between the 334 

treatment groups. The mean duration of CP was more than 15 years. Approximately 50% of the 335 

patients had comorbid Japanese cypress (Chamaecyparis obtusa) pollinosis and 35% had 336 

perennial AR. In the previous season, almost all the patients were treated with nasal 337 

corticosteroids and antihistamines, but approximately 60% had most severe and 40% had 338 

severe nasal symptoms, respectively (Table I). 339 

 340 

Time course of nasal and ocular symptom scores 341 

Throughout the severe symptom period (February 23 to March 24), daily mean nasal and ocular 342 

symptom score with the SoC + omalizumab treatment were lower versus SoC + placebo (Fig 343 

3,A and B). 344 

 345 

Nasal symptom score 346 

The study met its primary endpoint of mean nasal symptom score during the severe symptom 347 

period, demonstrating statistically significant (p < 0.001) reduction with SoC + omalizumab 348 

versus SoC + placebo (Fig 4,A). The difference between treatment groups (1.03) exceeded the 349 

pre-specified clinically relevant difference of 0.87.28 Scores for all individual symptoms 350 



15 
 

(sneezing, rhinorrhea, and nasal congestion) were consistently lower with SoC + omalizumab 351 

than with SoC + placebo (Fig 4,B). 352 

A post-hoc analysis similar to the primary analysis examined the mean nasal symptom score 353 

during the severe symptom period that overlapped with the period of concomitant use of nasal 354 

corticosteroids (March 5 to 24) showed significant differences between treatment groups [LS 355 

mean, 3.40 (SoC + omalizumab) vs 4.24 (SoC + placebo); the difference (95% CI), 356 

 -0.85 (-12.9,-0.40); p < 0.001].  357 

Total percentage of days for most severe and severe symptoms during the severe symptom 358 

period were lower with SoC + omalizumab than with SoC + placebo (most severe, 2.4% days vs 359 

12.3% days; severe, 10.5% days vs 17.4% days; Fig 4,C). The median number of nasal 360 

symptom free days was also greater in the SoC + omalizumab group (15.0) than in the SoC + 361 

placebo group (10.0). The stratified Hodges-Lehmann estimate (95% CI) for the median 362 

difference between the treatment groups was 3.0 (1.0, 5.0), with p-value of 0.005. 363 

 364 

Nasal symptom scores - subgroup analyses  365 

The results of subgroup analyses by baseline characteristics (age, gender, coexistence of 366 

perennial AR, severity of nasal symptom in the previous season, total IgE levels and cedar 367 

pollen-specific IgE levels) on the primary endpoint were consistent with those of the overall 368 

study population for all subgroups (see Fig E1 in the online repository). 369 

 370 

Ocular symptom score 371 

SoC + omalizumab significantly reduced the ocular symptom score compared with SoC + 372 

placebo (p < 0.001) during the severe symptom period (Fig 5,A). Scores for the individual two 373 

symptoms (itchy eye, watery eye) were consistently lower with SoC + omalizumab than with 374 

SoC + placebo (Fig 5,B). 375 

 376 
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Rescue medication use 377 

SoC + omalizumab decreased both the mean nasal and ocular rescue medication score during 378 

the severe symptom period compared with SoC + placebo, respectively [LS mean (SE), 0.20 379 

(0.024) vs 0.28 (0.023) for nasal; 0.46 (0.029) vs 0.54 (0.027) for ocular]. 380 

 381 

QoL and work productivity 382 

The mean overall score of JRQLQ at the severe symptom period was lower with SoC + 383 

omalizumab than with SoC + placebo (difference in LS mean [95% CI], −0.51 [−0.69, −0.33]), 384 

which exceeded the minimal clinically important difference of 0.5.28 The scores of all 6 domains 385 

(usual daily activities, outdoor activities, social functioning, sleep problem, general physical 386 

problem, emotional function) were significantly lower with SoC + omalizumab (Fig 6,A).   387 

The mean WPAI-AS scores in the SoC + omalizumab group were lower than those in the SoC + 388 

placebo group for all domains (work time missed, impairment while working, overall work 389 

impairment and activity impairment; Fig 6,B). 390 

 391 

Safety 392 

Omalizumab was well tolerated with a safety profile that was similar between the treatment 393 

groups (Table II). The most frequently reported AEs (≥ 2% in either group) included 394 

nasopharyngitis, pharyngitis, and influenza. One SAE of testicular neoplasm was reported in the 395 

SoC + omalizumab group, which led to study drug discontinuation; it was resolved with surgery 396 

and was not considered related to the study drug. One additional patient in the SoC + 397 

omalizumab group discontinued study drug due to acute sinusitis and otitis media, which were 398 

resolving and not resolved, respectively, at the time of last observation. Neither event was 399 

suspected to be related to the study drug by the investigator. No positive post-dose anti-400 

omalizumab antibodies were detected. 401 
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DISCUSSION 402 

To the best of our knowledge, this is the first study to demonstrate that omalizumab added to 403 

SoC (nasal corticosteroids and antihistamines) is clinically effective and well-tolerated in 404 

patients with inadequately controlled severe CP despite current recommended therapies. In 405 

Japan, approximately 50% of CP patients have severe symptoms during the season,8 406 

suggesting a clear need for new treatments. Therefore, the study provides robust evidence that 407 

omalizumab represents a new promising treatment for severe CP as well as severe AR 408 

worldwide. In fact, based on the results of this study, omalizumab was approved for 409 

inadequately controlled severe seasonal AR despite SoC in December 2019 in Japan. 410 

In this study, omalizumab on top of SoC showed consistent efficacy in improving nasal and 411 

ocular symptoms, QoL and work productivity. SoC + omalizumab demonstrated a clinically 412 

significant improvement in mean nasal symptom score during the severe symptom period 413 

compared with SoC + placebo. The difference between treatment groups (1.03) exceeded the 414 

minimum clinical important difference of 0.87, established by Higaki et al.28 This improvement 415 

was also supported by the results that patients treated with SoC + omalizumab had more nasal 416 

symptom-free days and fewer days with severe or most severe nasal symptoms. Furthermore, 417 

the post-hoc analysis showed significant benefits of omalizumab on nasal symptoms even in the 418 

period limited to use of concomitant nasal corticosteroids. In addition to nasal symptom score, 419 

ocular symptom score and individual nasal and ocular symptom scores were also improved with 420 

SoC + omalizumab, which indicate one of the advantages of omalizumab because both nasal 421 

and ocular symptoms of CP are associated with significant impairment in QoL including mental 422 

and physical functioning, and work performance.2 In fact, SoC + omalizumab significantly 423 

improved all domains of JRQLQ, work productivity loss and activity impairment based on WPAI-424 

AS. These improvements would support the role of omalizumab in the management of severe 425 

CP/AR.  426 
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As shown in Fig 3, nasal fluticasone was effective in preventing nasal symptoms in that daily 427 

mean nasal symptom scores in both treatment groups didn’t substantially increase further at the 428 

time of the peak amount of cedar pollen scattering around 14th March, in contrast with daily 429 

mean ocular symptom scores. However, even after treatment with nasal fluticasone, daily mean 430 

nasal symptom score with SoC + omalizumab was consistently lower than that with SoC + 431 

placebo. As most anti-allergy drugs for AR including antihistamines29-31 and LTRA31,32 have 432 

failed to show significant additive effects when used in combination with nasal corticosteroids, 433 

these results have important clinical implications. While the medications listed above only inhibit 434 

one type of mediator released from effector cells, omalizumab may have broader effects. It not 435 

only blocks upstream of the allergic cascade by inhibiting the binding of IgE to FceRI but also 436 

downregulates the expression of FceRI on inflammatory cells by reducing circulating free IgE.33-437 

36 These mechanisms may contribute to the efficacy of omalizumab even in patients 438 

inadequately controlled with nasal corticosteroids. Similar add-on effects of omalizumab were 439 

observed in patients with severe allergic asthma inadequately controlled with inhaled 440 

corticosteroid plus other controller, such as long-acting β-agonist or LTRA.37-39 Therefore, a 441 

treatment strategy of combination with omalizumab and corticosteroid (and/or other anti-allergic 442 

drugs) is effective in several allergic disorders. 443 

Previous studies have reported the noticeable effect of omalizumab for AR including CP, 444 

irrespective of allergen type.14-21 However, in these studies, SoC including nasal corticosteroids 445 

were not allowed as concomitant medication and comprehensive assessment for efficacy 446 

including nasal symptoms, QoL and work productivity were not conducted. Thus, this study 447 

adds to the growing body of evidence of the efficacy of omalizumab in patients with severe 448 

AR/CP.  449 

Omalizumab requires some lead time to demonstrate optimal efficacy33,34 because omalizumab 450 

cannot bind to or inhibit the function of IgE already bound to FceRI on the cell surface of mast 451 

cells or basophils. In this study, the initial administration of study drug was given on or before 452 
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February 10, just around the starting date of the pollen period, in order to ensure approximately 453 

3–4 weeks before the start of the severe pollen period. This timing of initial drug administration 454 

was approximately one month later compared with our previous studies19-21 where the initial 455 

dose was typically administered in mid-January. The ability to begin omalizumab administration 456 

later and still demonstrate significant efficacy should be associated with decreased cost and 457 

patient burden. 458 

Safety results from this study did not suggest any new or unexpected safety concerns and were 459 

consistent with the known safety profile of omalizumab.13,40 Therefore, omalizumab on top of 460 

SoC had a favorable benefit-risk profile. 461 

The limitations of the current study or questions requiring further investigation should be 462 

recognized. First, in this study, concomitant nasal corticosteroids and antihistamines was fixed 463 

in both treatment groups to fairly evaluate the effect of omalizumab, whereas this could be 464 

flexible in real-life circumstances. Therefore, whether it is possible to reduce the need for SoC 465 

with the use of omalizumab while controlling symptoms would be an important question to 466 

address. In addition, the effect of combination treatment with omalizumab and 467 

subcutaneous/sublingual immunotherapy would be of high interest as omalizumab 468 

demonstrated additional clinical benefit when used in combination with subcutaneous 469 

immunotherapy in several preliminary studies of seasonal AR.17,41 Second, though omalizumab 470 

showed significant additive effect on SoC and controlled symptoms, it did not completely 471 

eliminate symptoms. One possible reason for refractory symptoms could be those that are 472 

parasympathetic nerve dominant or symptoms owing to a completely localized allergic response 473 

in the nasal mucosa (local AR).42 Therefore, further investigation including endotypes that 474 

respond adequately (or poorly) to omalizumab would be needed. Third, in this study, 475 

omalizumab has shown to improve QoL and work productivity as well as nasal and ocular 476 

symptoms, but cost-effectiveness of omalizumab would be unclear. Given the cost of 477 

omalizumab, a study/analysis to evaluate the cost-effectiveness of omalizumab should be 478 
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conducted, as has previously been performed in allergic asthma43-45 and spontaneous/idiopathic 479 

urticaria.46 As a cost-effective analysis model appropriately adapted for cedar pollinosis/AR in 480 

Japan has not yet been developed, further research in terms of pharmacoeconomic perspective 481 

should strongly be desired in order to determine the most appropriate patients for this therapy. 482 

In conclusion, in patients with severe CP, omalizumab added to SoC consistently improved 483 

nasal and ocular symptoms, QoL and work productivity and was well-tolerated. Findings from 484 

this study indicate that omalizumab has potential to optimize the overall management of patients 485 

with severe CP/AR. 486 

 487 
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Figure legends 679 

FIG 1. Study design 680 

FIG 1 footnote: SoC, standard of care: Fexofenadine (oral) and fluticasone (nasal); †Rescue 681 

medication: Fexofenadine (oral), tramazoline (nasal), and levocabastine (ocular); ‡Period with 682 

concomitant fluticasone (nasal): March 5 to April 1 683 

 684 

FIG 2. Patient disposition 685 

FIG 2 footnote. SoC, standard of care: Fexofenadine (oral) and fluticasone (nasal) 686 

 687 

FIG 3. Time course of daily mean nasal (A) and ocular (B) symptom scores by treatment (FAS) 688 

FIG 3 footnote. SoC, standard of care: Fexofenadine (oral) and fluticasone (nasal); †Period with 689 

concomitant fluticasone (nasal): March 5 to April 1; ‡The Severe symptom period (defined in the 690 

“Endpoint and assessments” section): February 23 to March 24; *Statistically significant 691 

differences (p < 0.001) between treatments were observed for both mean nasal symptom score 692 

and mean ocular symptom score during the severe symptom period (Detailed results are shown 693 

in Fig 4,A and Fig 5,A, respectively); §Cedar Pollen count measured with Durham method in 694 

Tokyo (Chiyoda ward), which was provided as a public service from Tokyo Metropolis. A total of 695 

5023 grains/cm2 cedar pollen were scattered in Tokyo in 2018 season. 696 

 697 

FIG 4. Mean nasal symptom score (A) and individual nasal symptom scores (B) with SoC + 698 

omalizumab versus SoC + placebo during the severe symptom period (FAS); the difference 699 

(95% CI). *Statistically significant differences (p < 0.001). (C) Percentage of days with each 700 

nasal symptom severity during the severe symptom period by treatment.  701 

FIG 4 footnote. SoC, standard of care: Fexofenadine (oral) and fluticasone (nasal) 702 

 703 
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FIG 5. Mean ocular symptom score (A) and individual symptom scores (B) with SoC + 704 

omalizumab versus SoC + placebo during the severe symptom period (FAS); the difference 705 

(95% CI). *Statistically significant differences (p < 0.001). 706 

FIG 5 footnote. SoC, standard of care: Fexofenadine (oral) and fluticasone (nasal) 707 

 708 

FIG 6. (A) Japanese rhinoconjuctivitis Quality of Life questionnaire score (FAS) (B) Work 709 

Productivity and Activity Impairment Questionnaire-Allergy Specific (WPAI-AS) score at the 710 

severe symptom period (FAS); the difference (95% CI). *Statistically significant differences (p < 711 

0.001). 712 

FIG 6 footnote. SoC, standard of care: Fexofenadine (oral) and fluticasone (nasal) 713 
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 720 
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TABLE I. Baseline demographics and clinical characteristics (randomized population) 730 

 

Characteristics 

SoC + omalizumab 

(n = 162) 

SoC + placebo 

(n = 175) 

Age (years), median (range) 44.0 (12.0, 70.0) 42.0 (12.0, 74.0) 

Gender   

Male 63 (38.9) 78 (44.6) 

Female 99 (61.1) 97 (55.4) 

Duration of CP (years), mean (SD) 18.2 (11.11) 15.4 (10.88) 

CP related medical history (coexisting)   

Japanese cypress pollinosis
†
 84 (51.9) 77 (44.0) 

Perennial AR 56 (34.6) 61 (34.9) 

Asthma 6 (3.7) 6 (3.4) 

Severity of nasal symptom in the previous season 

Most severe 91 (56.2) 102 (58.3) 

Severe 71 (43.8) 72 (41.1) 

Moderate 0 1 (0.6) 

Medication use for CP in the previous season 

Nasal corticosteroid 162 (100) 174 (99.4) 

Oral antihistamine 160 (98.8) 173 (98.9) 

Leukotriene receptor antagonist 32 (19.8) 47 (26.9) 

Prostaglandin D2/thromboxane A2 

receptor antagonist 

0 1 (0.6) 

Serum total IgE (IU/mL), mean (SD) 219.9 (223.48) 227.6 (238.85) 

Class of cedar pollen-specific IgE   

6 [≥100 (UA/mL)] 4 (2.5) 6 (3.4) 

5 [≥50, < 100 (UA/mL)] 13 (8.0) 17 (9.7) 

4 [≥17.5, < 50 (UA/mL)] 53 (32.7) 50 (28.6) 

3 [≥3.5, < 17.5 (UA/mL)] 92 (56.8) 102 (58.3) 

SoC, standard of care: Fexofenadine (oral) and fluticasone (nasal) 731 
Data are presented as n (%), unless otherwise indicated. 732 
†Japanese cypress pollinosis usually develops in April, following the CP season. 733 

 734 

TABLE II. Summary of treatment emergent AEs  735 

 SoC + omalizumab 

(n = 161) 

SoC + placebo 

(n = 175) 

Death 0 0 

SAEs 1 (0.6) 0 

AEs leading to discontinuation 2 (1.2) 0 

Any AEs 44 (27.3) 48 (27.4) 

Most frequently occurring AEs (≥2% in either group) 

Nasopharyngitis 15 (9.3) 8 (4.6) 

Pharyngitis 7 (4.3) 5 (2.9) 

Influenza 4 (2.5) 8 (4.6) 

SoC, standard of care: Fexofenadine (oral) and fluticasone (nasal) 736 
Data are presented as n (%), unless otherwise indicated. AE, adverse event; SAE, serious adverse event 737 

















Supplementary material 1 

TABLE E1 A. Evaluation of nasal symptoms 2 

Score 4 3 2 1 0 

Paroxysmal sneezing  

(number of episodes of 

paroxysmal sneezing in 

a day) 

≥ 21 times 20-11 times 10-6 times 5-1 times 0 

Rhinorrhea 

(number of episodes of 

nose blowing a day) 

≥ 21 times 20-11 times 10-6 times 5-1 times 0 

Nasal congestion Completely 

obstructed all 

day 

Severe nasal 

congestion 

causing 

prolonged 

oral 

breathing in a 

day 

Severe nasal 

congestion 

causing 

occasional 

oral 

breathing in a 

day 

Nasal 

congestion 

without oral 

breathing 

None 

 3 

TABLE E1B. Classification of the severity of nasal symptom 4 

Severity  Paroxysmal sneezing or rhinorrhea (select more severe one) 

 Score 4 3 2 1 0 

 

Nasal 

congestion 

4 Most severe Most severe Most severe Most severe Most severe 

3 Most severe Severe Severe Severe Severe 

2 Most severe Severe Moderate Moderate Moderate 

1 Most severe Severe Moderate Mild Mild 

0 Most severe Severe Moderate Mild No symptom 

 5 

TABLE E2. Dosing table of omalizumab (or matching placebo) 6 

Baseline IgE 
Concentration 

(IU/mL) 

Body weight (Kg) 

≥20~25 >25~30 >30~40 >40~50 >50~60 >60~70 >70~80 >80~90 >90~125 >125~150 
≥30 ~ 100 75 75 75 150 150 150 150 150 300 300 

>100 ~ 200 150 150 150 300 300 300 300 300 450 600 
>200 ~ 300 150 150 225 300 300 450 450 450 600 375 
>300 ~ 400 225 225 300 450 450 450 600 600 450 525 
>400 ~ 500 225 300 450 450 600 600 375 375 525 600 
>500 ~ 600 300 300 450 600 600 375 450 450 600  
>600 ~ 700 300 225 450 600 375 450 450 525   
>700 ~ 800 225 225 300 375 450 450 525 600   
>800 ~ 900 225 225 300 375 450 525 600    
>900 ~ 1000 225 300 375 450 525 600     

>1000 ~ 1100 225 300 375 450 600      
>1100 ~ 1200 300 300 450 525 600      
>1200 ~ 1300 300 375 450 525       
>1300 ~ 1500 300 375 525 600       

White cell: 4 weekly dosing, shaded cell: 2 weekly dosing 7 

Do not dose 



TABLE E3. Evaluation of ocular symptoms 8 

Score 4 3 2 1 0 

Itchy eye More severe 

degree than 

score of 3 

Frequently 

rubbing 

eye(s) 

Occasionally 

rubbing 

eye(s) 

Not to the 

extent of 

rubbing 

eye(s) 

None 

Watery eye More severe 

degree than 

score of 3 

Frequently 

wiping tears 

Occasionally 

wiping tears 

Not to the 

extent of 

wiping tears 

None 

 9 



Supplemental figure Legends 1 

FIG E1. Mean nasal symptom scores during the severe symptom period by different subgroups 2 

and treatment. The horizontal lines represent 95% CIs of the difference. 3 


