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Objective: Omalizumab has demonstrated clinical efficacy in patients with severe allergic asthma sensitized to perennial allergens
and/or severe pollinosis through inhibition of IgE-dependent allergic response. When considering the “one airway, one disease”
concept, sensitization to pollen could predict responsiveness to omalizumab. This study aimed to assess whether the pretreatment
specific IgE response could be a predictor of responsiveness to omalizumab in severe allergic asthma sensitized to perennial allergens.
Methods: In this retrospective study, 41 adult patients with severe allergic asthma sensitized to perennial allergens (27 females; mean
age 59 years) who had completed 52-week omalizumab treatment were enrolled. The Global Evaluation of Treatment Effectiveness
was performed, and demographic characteristics and the positive ratios of specific IgE responses classified into five subgroups (pollen,
dust mite, house dust, mold, and animal dander) were compared between responders and non-responders. Multivariate logistic
regression analyses were performed to identify predictors of responsiveness to omalizumab.

Results: Thirty-one patients (76%) were identified as responders. The number of sensitized aeroallergen subgroups and sensitization
to pollens were significantly higher in responders than in non-responders (both p<0.05). Multivariate logistic regression analysis
showed that sensitization to pollen (OR = 8.41, p = 0.02) was independently associated with the effectiveness of omalizumab.
Conclusion: Pretreatment serum pollen-specific IgE could be a predictor of responsiveness to omalizumab.
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Plain Language Summary

Given the existence of non-responders and the high cost of omalizumab, identifying predictors of responsiveness to omalizumab is
needed. In this retrospective study, we showed that pretreatment sensitization to pollen could be a predictor of responsiveness to
omalizumab in patients with severe allergic asthma sensitized to perennial allergens. This result would lead to more appropriate
management of severe asthma.

Introduction

Asthma and allergic rhinitis often coexist and influence each other.! Approximately 20% to 60% of patients with allergic
thinitis have asthma, whereas up to 70% of patients with asthma have allergic rhinitis.' > Allergic rhinitis is a risk factor for
asthma onset.®” The presence of comorbid allergic rhinitis in asthmatic patients is related to worse asthma control® '® and
higher asthma severity.” Treatment of allergic rhinitis with intranasal corticosteroids improves pulmonary function, airway
hyperresponsiveness, asthma symptoms, and exacerbation frequency in patients with both asthma and allergic rhinitis."’
A pathophysiological, as well as a clinical, relationship between asthma and allergic rhinitis has also been reported. Nasal

provocation with specific allergens increases lower airway eosinophilic inflammation'* and airway hyperresponsiveness to
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methacholine'? in asthmatic patients with allergic rhinitis. These interactions between asthma and allergic rhinitis have led to
the concept of “one airway, one disease”." In both conditions, immunoglobulin (Ig) E plays a pivotal role.

Omalizumab, a humanized anti-IgE monoclonal antibody, has been demonstrated to be efficacious in patients with
severe allergic asthma sensitized to perennial allergens and/or severe pollinosis (seasonal allergic rhinitis caused by
pollens),'* especially in patients with severe Japanese cedar pollinosis.'>"'” Omalizumab has a number of clinical effects
by binding serum free IgE and inhibiting the interaction between IgE and its high-affinity receptors. In a meta-analysis of
the real-world effectiveness of omalizumab, 82% of patients with severe asthma achieved a good or excellent Global
Evaluation of Treatment Effectiveness (GETE) at 12 months.?® In other words, not all patients responded to omalizumab.
Given the existence of non-responders, the high cost of omalizumab, and appropriate use of type 2-targeted biologics
including omalizumab in patients who most benefit from them, identifying predictors of responsiveness to omalizumab
should lead to more appropriate management. However, predictive factors, including type 2 biomarkers, have been reported
inconsistently. Based on the inhibitory effect of omalizumab on IgE-dependent allergic responses in both allergic asthma
and pollinosis and the “one airway, one disease” concept, we hypothesized that serum aeroallergen-specific IgE, especially
pollen-specific IgE, is a predictor of responsiveness to omalizumab. However, few studies have reported it.

In this retrospective study, the response rate and predicted responsiveness to omalizumab treatment were assessed by
focusing on sensitization to aeroallergens in adult patients with severe allergic asthma sensitized to perennial allergens.
The response rate as assessed by GETE was examined; and other important indicators of the response rate were not
evaluated in this study.

Materials and Methods
Study Design and Subjects

This was a retrospective study that enrolled adult patients with severe allergic asthma sensitized to perennial allergens
with Global Initiative for Asthma (GINA) Step 5 severity, who were sensitized to at least one perennial aeroallergen and
had completed 52-week omalizumab treatment at Nagoya City University Hospital and Daido Hospital, Nagoya, Japan
between October 2009 and June 2021. All asthma patients were treated by pulmonologists in respiratory departments at
these tertiary hospitals on the basis of the GINA guideline.'®

Measurements

For all patients, demographic characteristics, severe asthma-related comorbidities (allergic rhinitis, chronic rhinosinusitis, and
gastroesophageal reflux disease), asthma control test (ACT), asthma exacerbation that required at least three days of systemic
corticosteroids, asthma treatment, fractional exhaled nitric oxide (FeNO) levels, pulmonary function (forced vital capacity,
FEV/), and blood test (eosinophil proportion, serum total IgE, and serum aeroallergen-specific IgE (ImmunoCAP® total IgE
and ImmunoCAP® specific IgE, Phadia K.K., Tokyo, Japan)) results before and 52 weeks after omalizumab administration
were extracted by reviewing medical records. Patients with allergic rhinitis were diagnosed by an otolaryngologist (M.S.) or
pulmonologists (T.T., TK., Y.K., M.T., K.Y., and A.N.) according to the guideline.'® Pretreatment serum aeroallergen-specific
IgEs were classified into the following five groups:*° house dust; dust mite (Dermatophagoides); mold (mixed molds
[Penicillium, Cladosporium, Aspergillus, Candida, and Alternaria] and Trichophyton); animal dander (cat dander, dog
dander); pollen (Japanese cedar, mixed grass (orchard grass, vernal grass, Bermuda grass and timothy grass), and mixed
weed (ragweed, mugwort, oxeye daisy, dandelion and goldenrod)). Positivity of serum aeroallergen-specific IgE was defined
as >0.35 UA/mL.?' In all patients, serum specific IgEs against house dust and house dust mite were tested. The major
component of house dust is house dust mite, though it includes house dust mite, animal dander, and mold.

Demographic characteristics and other variables listed above were assessed at baseline. Response to omalizumab treatment
was then assessed in all patients. Demographic characteristics and other variables, including the positive ratio of serum
specific IgE of each subgroup, were next compared between responders and non-responders. Univariate and multivariate
logistic regression analyses were finally performed to clarify the predictors of responsiveness to omalizumab. Treatment
responsiveness to omalizumab was determined by physicians’ overall evaluation according to the GETE scale at 52 weeks.*
GETE is a five-point scale: excellent (complete control of asthma), good (marked improvement), moderate (discernible, but
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limited improvement), poor (no appreciable change), and worsening (overall deterioration of asthma control). Patients with an
“excellent” or “good” response were defined as responders.

This study was approved by the Ethics Committee of Nagoya City University (60-20-0174). Written informed consent
was waived by the ethics committee due to the retrospective nature of this study. Instead, an opt-out document was
posted on the hospital website to offer patients the opportunity to refuse participation.

Statistical Analysis

JMP Prol4.0 (SAS institute, Inc., Tokyo, Japan) was used for all statistical analyses. To compare demographic
characteristics of patients between two groups (responders and non-responders), the Chi-squared test or the Wilcoxon
rank-sum test was used as appropriate. Multivariate logistic regression analysis was performed to identify predictors of
responsiveness to omalizumab. Variables with p <0.10 on univariate analysis of pretreatment indices were included in the
multivariate logistic regression analysis, and p <0.05 was considered significant.

Results

Demographic Characteristics of Subjects at Baseline

A total of 41 patients with severe allergic asthma sensitized to perennial allergens (27 females; median age 59 years
(range 27-88 years, 19 patients >65 years); median serum total IgE 166 IU/mL) were analyzed (Table 1). All patients
used high-dose inhaled corticosteroids (ICSs) and long-acting B,-agonists (LABAs). Thirty-four (83%) of 41 patients
used leukotriene receptor antagonists, 22 (54%) used theophylline, 18 (44%) used long-acting muscarinic antagonists,
and 14 (34%) used oral corticosteroids (OCSs). All patients had poorly controlled asthma (median ACT score: 16 (range
6—19)) despite GINA Step 5 treatment (Table 1). A total of 21 (51%) of 41 asthmatic patients were diagnosed with
comorbid allergic rhinitis. Of these 21 patients, 14 were diagnosed with pollinosis, all of whom were sensitized to
Japanese cedar pollen with or without other pollens.

Regarding aeroallergen sensitization, all patients were sensitized to at least one perennial aeroallergen subgroup, and 24
(59%) patients were sensitized to two or more aeroallergen subgroups. The median number of sensitized aeroallergen
subgroups was 2 (1-5). The positive ratio of serum aeroallergen-specific IgE of each subgroup was as follows: 29 (71%)
patients were sensitized to pollen; 21 (51%) to house dust and dust mite; 14 (34%) to mold; and 8 (20%) to animal dander
(Table 1). Of 29 patients with pollen sensitization, 28 were sensitized to Japanese cedar, 9 to mixed grass, and 6 to mixed weed.

Response Rate to Omalizumab
Based on the GETE scale, 31 (76%) of 41 patients were identified as responders after 52-week omalizumab treatment.
All 31 responders had been identified as responders after 16 weeks. Of the 31 responders, nine and 22 patients achieved
excellent and good GETE, respectively. Improvements in ACT, asthma exacerbation and airflow limitation were
confirmed in responders. Of the 31 responders, 28 (90%) showed >3-point improvement in ACT scores from baseline
to 52 weeks. Of the 16 responders who had asthma exacerbations in the previous 52 weeks, 14 (88%) showed a reduction
in the asthma exacerbation rate from before to after 52 weeks. Of the 30 responders who had performed pulmonary
function tests before and after treatment, 17 (57%) showed improvement in FEV; (%predicted). All non-responders
discontinued omalizumab after 52 weeks, and five of them switched to different biologics.

Regarding asthma medications, in seven (50%) of 14 patients with OCS-dependent asthma, OCS treatment was
withdrawn at 52 weeks. In four (10%) of 41 patients, the ICS dose was stepped down at 52 weeks.

Comparisons of Demographic Characteristics and the Positive Ratio of Serum

Aeroallergen-Specific IgE Between Responders and Non-Responders

The comparisons of demographic characteristics and other variables between responders and non-responders are shown in
Table 1. There was no difference in the usage of concomitant asthma medications including leukotriene receptor antagonists,
theophylline, long-acting muscarinic antagonists, and OCSs between responders and non-responders (p>0.10) (Table 1). The
number of sensitized aeroallergen subgroups was significantly higher in responders than in non-responders (p = 0.03) (Table 1).
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Table | Characteristics of Patients and Comparison of Responders with Non-Responders

All (n = 41) Responders (n = 31) | Non-Responders (n = 10) p value*
Age, years 59 (27-88) 59 (27-88) 62 (34-78) 0.83
Gender, female: male 27: 14 20: 11 7:3 0.75
Body mass index, kg/m? 24.1 (16.8-36.7) 24.0 (17.4-36.4) 24.6 (16.8-36.7) 0.69
Duration of asthma, years 1.5 (0.8-73) 11.5 (0.8-46) 10.8 (1-73) 0.73
Smoking, never: ex 30: 11 24:7 6: 4 0.28
Allergic rhinitis, yes 21 (51) 18 (58) 3 (30) 0.12
Chronic rhinosinusitis, yes 14 (34) 10 (32) 4 (40) 0.65
GERD, yes 15 (37) 13 (42) 2 (20) 0.21
ACT score 16 (6-19) 16 (6-19) 12.5 (8-17) 0.30
Exacerbation in previous year 2 (0-42) 2 (0-19) 3 (0-42) 0.63
ICS doses*, ug/day 1000 (400—1800) 1000 (400—1800) 1000 (500—1800) 0.35
LABA 41 (100) 31 (100) 10 (100) -
LTRA 34 (83) 25 (81) 9 (90) 0.49
Theophylline 22 (54) 16 (52) 6 (60) 0.64
LAMA 18 (44) 14 (45) 4 (40) 0.77
Oral corticosteroids 14 (34) 9 (29) 5 (50) 0.22
FeNO, ppb 30.1 (5-174) 24.2 (5-113) 40.5 (5.9-174) 0.27
FVC, %predicted 93.4 (55.1-122.1) 91.2 (57.1-122.1) 97.7 (55.1-108.7) 0.55
FEV,, %predicted 86.5 (32.7-118.4) 85.5 (32.7-118.4) 89.5 (53.0-105.3) 0.23
Blood eosinophil proportion, % 2.8 (0.2-21) 2.8 (0.2-13) 2.4 (0.6—21) 0.86
Serum total IgE, UA/mL 166 (5—1970) 179 (5-1970) 84.2 (5-250) 0.14
Number of sensitized aeroallergens subgroups® 2 (1-5) 3 (1-5) I (1-3) 0.03
Sensitization to house dust 21 (51) 18 (58) 3 (30) 0.12
Sensitization to dust mite 21 (51) 18 (58) 3 (30) 0.12
Sensitization to mold 14 (34) 10 (32) 4 (40) 0.65
Sensitization to animal dander 8 (20) 7 (23) 1 (10) 0.38
Sensitization to pollen 29 (71) 26 (84) 3 (30) 0.001

Notes: Values are median (ranges) or number (%). *By chi-squared test or Wilcoxon rank-sum test between responders and non-responders. TExacerbation is defined as
a requirement for at least three days of oral corticosteroids. Equivalent to fluticasone propionate. $Aeroallergen subgroups consist of five: house dust: dust mite: mold:
animal dander: and pollen.

Abbreviations: GERD, gastroesophageal reflux disease; ACT, asthma control test; ICS, inhaled corticosteroids; LABA, long-acting B,-agonist; LTRA, leukotriene receptor
antagonist; LAMA, long-acting muscarinic antagonist; FeNO, fractional exhaled nitric oxide; FVC, forced vital capacity.

The positive ratio of pretreatment pollen-specific IgE was significantly higher in responders than in non-responders (p = 0.001)
(Table 1). No significant differences were observed in the positive ratio of dust mite, house dust, mold, and animal dander-
specific IgEs between the two patients’ groups (all p>0.10). Regarding pollinosis, 13 of 14 patients with pollinosis responded to
omalizumab treatment, whereas 5 of 12 patients with neither pollinosis nor pollen sensitization responded to omalizumab
treatment (p = 0.004) (Figure 1). There were no significant differences in demographic characteristics, comorbidities, asthma

control, asthma medication, type 2 biomarkers, and pulmonary functions between the two patients’ groups (all p>0.10) (Table 1).
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Figure | Comparison of omalizumab response rates between patients with pollinosis and patients with neither pollinosis nor pollen sensitization. *By the chi-squared test
between patients with pollinosis and patients with neither pollinosis nor pollen sensitization.

Predictors of Responsiveness to Omalizumab
To identify the predictors of responsiveness to omalizumab, univariate and multivariate logistic regression analyses were
performed (Table 2). Multivariate logistic regression analysis of indices with p <0.10 on univariate analysis showed that

sensitization to pollen (OR = 8.41, p = 0.02) was independently associated with the effectiveness of omalizumab treatment.

Table 2 OR and Associated 95% Cls for the Effectiveness of Omalizumab

Variables Univariate Analysis Multivariate Analysis
OR 95% CI p-value OR 95% CI p-value*
Age, years 1.00 0.96—1.05 0.84 - - -
Gender, female 0.78 0.17-3.63 0.75 - - -
Body mass index, kg/m? 0.96 0.83—1.11 0.6l - - -
Duration of asthma, years 0.99 0.94-1.04 0.67 - - -
Smoking, never: ex 2.29 0.50-10.45 0.29 - - -
Allergic rhinitis 323 0.70—-14.91 0.13 - - -
Chronic rhinosinusitis 0.71 0.16-3.11 0.65 - - -
GERD 2.89 0.52-15.91 0.22 - - -
ACT score 1.16 0.87-1.56 0.30 - - -
Exacerbation® in previous year 0.95 0.86—1.04 0.26 - - -
ICS doses*, ug/day 0.99 0.99-1.00 0.23 - - -
(Continued)
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Table 2 (Continued).

Variables Univariate Analysis Multivariate Analysis
OR 95% ClI p-value OR 95% ClI p-value*

FeNO, ppb 0.98 0.97-1.00 0.10 - - -
FVC, %predicted 0.99 0.95-1.04 0.82 - - -
FEV,, %predicted 0.98 0.94-1.01 0.21 - - -
Blood eosinophil count, /uL 0.92 0.79-1.08 0.34 - - -
Serum total Igk, UA/mL 1.00 0.99-1.01 0.15 - - -
Number of sensitized aeroallergens subgroups® 1.85 1.01-3.38 0.04 1.32 0.66—2.64 0.42
Sensitization to house dust 323 0.70—-14.91 0.13 - - -
Sensitization go dust mite 3.23 0.70-14.91 0.13 - - -
Sensitization to mold 1.4 0.32-6.10 0.65 - - -
Sensitization to animal dander 2.63 0.28-24.44 0.40 - - -
Sensitization to pollen 12.13 | 2.31-63.62 0.003 84l 1.34-52.69 0.02

Notes: *By multivariate logistic regression analysis. TExacerbation is defined as a requirement for at least three days of oral corticosteroids.
*Equivalent to fluticasone propionate. $Aeroallergen subgroups consist of five: house dust: dust mite: mold: animal dander: and pollen.
Abbreviations: GERD, gastroesophageal reflux disease; ACT, asthma control test; ICS, inhaled corticosteroid; FeNO, fractional exhaled nitric
oxide; FVC, forced vital capacity.

Discussion

In this study, it was shown that 1) 76% of patients with severe allergic asthma responded to 52-week omalizumab

treatment; 2) 71% of patients were sensitized to pollen; and 3) sensitization to pollen was independently associated with

the effectiveness of omalizumab treatment. Sensitization to pollen, especially Japanese cedar pollen, could be a predictor

of responsiveness to omalizumab in patients with severe allergic asthma sensitized to perennial allergens.
Omalizumab, a humanized monoclonal anti-IgE antibody, has been approved for the treatment of severe allergic

asthma patients sensitized to perennial allergens, chronic spontaneous urticaria, and severe seasonal allergic rhinitis, and

it has been shown to significantly improve these conditions.'* Meta-analyses of randomized, controlled trials (RCTs)*****

25,26 23,2526 and in

and real-world studies showed that omalizumab had several clinical effects in severe allergic asthma
allergic rhinitis inadequately controlled with conventional treatment.** The proportion of GETE responders after 12
months of omalizumab treatment in severe allergic asthma patients was 82% in the real-world meta-analysis of
observational studies.”® Consistent with these analyses, the present study confirmed that 76% of patients with severe
allergic asthma sensitized to perennial allergens responded to 52-week omalizumab treatment in the real-world setting.

As mentioned above, not all patients respond to omalizumab treatment. Given the existence of non-responders and the
appropriate choice of type 2-targeted biologics, including omalizumab, mepolizumab, benralizumab, and dupilumab,
identifying factors predictive of responsiveness is needed. So far, several studies reported factors predictive of omali-
zumab responsiveness. Initially, post hoc studies of RCTs suggested that the efficacy of omalizumab may be greater in
patients with high type 2 biomarkers. The EXTRA omalizumab study reported that patients with higher levels of FeNO,
blood eosinophils and serum periostin were more responsive to omalizumab treatment than those with lower levels in
terms of the reduction in asthma exacerbations during the first year of treatment.'**” We confirmed this previously,
showing that higher FeNO levels were the best predictor of improvement in asthma control after 16 weeks of treatment
and that higher serum periostin levels were the best predictor of reduction in severe asthma exacerbations after 1 year of
treatment.'**® Meanwhile, the STELLAIR study® and the PROSPERO study>’ recently showed that omalizumab was
effective in patients with severe allergic asthma irrespective of pre-treatment type 2 biomarkers, including blood

eosinophil***® or FeNO levels.> In the present study, there were no significant differences in FeNO levels and blood
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eosinophils between the two patients’ groups. Type 2 biomarkers as predictors of responsiveness to omalizumab
treatment remain controversial.

Omalizumab was originally approved for severe allergic asthma patients sensitized to at least one perennial allergen.
Nonetheless, a previous study showed that omalizumab was also effective in severe asthma caused by seasonal allergens.”’
A high prevalence of sensitization to seasonal allergens was observed in previous omalizumab studies.’**? From 41.3% to
61.7% of severe asthmatic patients were sensitized to pollens.”*~* Pollens are major seasonal allergens and trigger the
allergic cascade in both pollinosis and allergic asthma. When considering the efficacy of omalizumab through inhibition of
IgE-dependent allergic responses in both pollinosis and allergic asthma, the high prevalence of sensitization to pollen in
allergic asthma, and the “one airway, one disease” concept, sensitization to pollen could be assumed to be a predictor of
responsiveness to omalizumab. So far, three studies® > have evaluated the association between type of aeroallergen
sensitization and omalizumab responsiveness. A post hoc analysis of the INNOVATE study®> showed that patients with
high values of D. pteronyssinus- or D. farinae-specific IgE, but with these making a relatively low contribution to total
specific IgE load, appeared to achieve the most benefit from omalizumab; though not statistically significantly. This study
assessed the levels of specific IgE against perennial allergens as predictive of responsiveness to omalizumab. Another post
hoc analysis of longitudinal data® showed that polysensitized patients who were sensitized to all perennial allergens (mites,
molds, and pets) had a higher tendency to be responders than non-polysensitized patients. This study assessed the effect of
sensitization to perennial allergens (including mites, molds, and pets), but not seasonal allergens on the responsiveness to
omalizumab. Another post hoc analysis of a real-world study’* evaluated the effects of number and type of allergen
sensitizations (non-sensitized, seasonal, perennial, or both) on omalizumab response. This study showed that response to
omalizumab evaluated by exacerbation rates, lung function, and quality of life was not different, regardless of the number
and type of allergen sensitization. In contrast to the previous studies, the present study was the first to show that sensitization
to pollen could be a predictor of responsiveness to omalizumab. The reason for the different results among studies remains
unclear, but differences in antigenicity, especially Japanese cedar pollen and other pollens, may partly explain it. Allergen
sensitization in a population depends on the climate or environment, and the different biological features of sensitized

2
037 showed

allergens may affect the clinical characteristics of patients.>® Interestingly, the real-world omalizumab studies
that severe allergic asthmatic patients with concomitant allergic rhinitis were more responsive to omalizumab than those
without. In the present study as well, patients with pollinosis responded to omalizumab more frequently than those with
neither pollinosis nor pollen sensitization. Omalizumab exerted profound efficacy in patients with allergic asthma and
comorbid pollinosis by inhibiting allergen-specific IgE-dependent allergic responses in both upper and lower airways.

This study has several limitations. First, it was a retrospective study. Second, the sample size was small. Third, the
patient population was composed mainly of Japanese patients with cedar sensitization. Fourth, skin-prick tests were not
performed in all patients. According to the guidelines,'® a diagnosis of allergic rhinitis is made based on nasal symptoms,
together with positive nasal eosinophil tests in the season, and identified causative allergens, based on skin reactions or
serum specific IgE antibody measurement. Despite these limitations, the present finding is noteworthy from the
perspective of the “one airway, one disease” concept. Omalizumab indications may have to be extended to include
patients with severe allergic asthma who are sensitized to seasonal allergens, as well as perennial allergens. Future
prospective studies with larger sample sizes and with different patient populations and sensitization are needed to
examine if seasonal IgE response could be a predictive marker of omalizumab responsiveness.

In conclusion, this study was the first to show that sensitization to pollen could be a predictor of responsiveness to
omalizumab treatment in adult patients with severe allergic asthma sensitized to perennial allergens. From the perspective
of “one airway, one disease”, omalizumab could be a promising treatment in severe asthmatic patients with allergic
rhinitis. To further examine the present finding, prospective studies are needed.

Abbreviations

GINA, Global Initiative for Asthma; ACT, asthma control test; FeNO, fractional exhaled nitric oxide; GETE, the Global
Evaluation of Treatment Effectiveness; RCTs, randomized, controlled trials; Pts, patients; GERD, gastroesophageal
reflux disease.
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