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Purpose: Biologics have been used increasingly for the treatment of severe asthma. However, established guidelines for the selection,
switching, or discontinuation of biologics do not exist. We aimed to identify the clinical characteristics of patients with asthma who
required switching biologics and the factors associated with switching biologics.

Patients and Methods: This was a retrospective study of 42 patients with severe asthma treated with biologics at the Hokkaido
University Hospital between 23™ June 2016 and 30™ April 2021, when two biologics were available in Japan. We compared the
characteristics of subjects who continued and switched biologics. The time to switch the biologics was assessed by type 2
inflammatory biomarkers, pulmonary function indices, and the presence of comorbidities, including the Japanese Epidemiological
Survey of Refractory Eosinophilic Chronic Rhinosinusitis (JESREC) score and aspirin exacerbated respiratory diseases (AERD), using
the Kaplan—Meier method and a multivariate Cox proportional hazards model.

Results: Eight and five patients were treated by mepolizumab and benralizumab at baseline, respectively among the 31% (13/42) who
switched the biologics. Subjects who required switching biologics were characterized by high blood eosinophil counts, younger age,
JESREC scores of 11 points or higher, and AERD. The time taken to switch biologics was significantly shorter in the subgroups with
high JESREC scores (=11) or AERD, compared with their counterparts with low JESREC scores or without AERD (both, P < 0.05).
JESREC scores of >11, but not the presence of AERD, were associated with time to switch biologics.

Conclusion: The presence of eosinophilic chronic rhinosinusitis based on JESREC scores of >11 and younger age were factors
associated with switching biologics in asthma.
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Introduction
Biologic therapies have played a significant role in the treatment of severe asthma.' “Difficult-to-treat asthma is
asthma that is uncontrolled, despite receiving medium or high dose Inhaled corticosteroids (ICS)-long-acting beta2-
agonist (LABA) treatment or requires high dose ICS-LABA treatment to maintain adequate symptom control and
reduce exacerbations, which incorrect inhalation technique, poor adherence to the medication, smoking, comorbid-
ities, or misdiagnosis may concern. Severe asthma is a subset of difficult-to-treat asthma that is uncontrolled despite
adherence to maximal optimal therapy and treatment of contributory factors or worsens when the dosage of the
medication is decreased.>® Poor asthma control is defined as an Asthma Control Test (ACT) score of 19 or less.*
Symptom control, frequency of exacerbations, and pulmonary function should be evaluated in the course of treatment
including biologics.”

In Japan, four types of biologics are currently in use.” There are no established guidelines for the use of different

2,57

biologics, although some reports suggest that type 2 markers such as blood eosinophil counts, fractional exhaled

nitric oxide (FeNO), and IgE could act as eligibility criteria for selecting biologic therapy. Practically, there is substantial
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overlap in the proposed indications for biologics, which leaves the ultimate decision at the discretion of the treating
clinician. Thus, some patients have to discontinue, which requires amelioration to achieve optimal treatment.

The definitions of responders have been applied to evaluate the efficacy of biologics.® However, these definitions have
not been validated. Eger et al defined patients who achieved >50% reduction in exacerbations as responders and >50%
reduction in prednisolone dose as a response to biologics.” Non-responders are defined as patients who discontinued anti-
interleukin IL-5 (anti-IL-5) treatment following less than 2 years of treatment because of clinical worsening and
increased symptoms, decreased forced expiratory volume in 1 second (FEV;), or increased oral corticosteroid (OCS)
use.'® The significance of clinical studies in the real-world management of asthma using biologics can be augmented by
applying a standard definition of responders and non-responders. Notably, examining the features of non-responders
would facilitate the exploration of novel biomarkers or approaches for the management of severe asthma.

Severe asthma is often accompanied by comorbidities such as eosinophilic chronic rhinosinusitis (ECRS), allergic
rhinitis (AR), gastroesophageal reflux disease (GERD), and atopic dermatitis (AD). In addition to poor control of asthma
which is the main reason for the switching, comorbidities such as sinusitis are reported to be a reason for switching from
the treatment of anti-IL-5 biologics (mepolizumab, reslizumab, benralizumab).'® Although these comorbidities may
affect the clinical course of asthma and may interact pathophysiologically, most clinical studies evaluate individual organ
responses to biologics, as opposed to the combined responses of multiple organs. We have reported that a differential
response to biologics can be experienced in asthma and ECRS.'"'? Thus, it may be plausible that multidimensional
evaluations should be considered to provide personalized treatment to asthmatic patients.

The present study aimed to identify the clinical characteristics of asthmatics requiring switching among biologic
therapies and factors associated with switching biologics. We first compared the characteristics, including comorbidities,
between those who required switching biologics and those treated successfully with first-line biologics. We also
examined the clinical factors associated with the time to switching biologics.

Methods
Study Population

This study was conducted in accordance with the Declaration of Helsinki. The study was approved by Ethical Review
Board for Life Science and Medical Research, Hokkaido University Hospital (approval number: 021-0080). Informed
consent was obtained in the form of an opt-out option on the website. We retrospectively reviewed the medical records of
patients with severe asthma treated with biologics at the Hokkaido University Hospital between 1** March 2009, when
omalizumab was introduced, and 30™ April 2021. The analysis period lasted from 23™ June 2016, when mepolizumab
became available in Japan, to the 30™ April 2021. Since this study focused on switching biologics, we excluded patients
who discontinued omalizumab before the introduction of an alternative biologic (mepolizumab) on 23™ June 2016. The
observed time to switch biologics started on 1) 23™ June 2016 in case of patients in whom omalizumab was administered
before 23" June 2016, and 2) the date of starting a biologic in case of patients in whom a biologic was administered on or
after 23" June 2016. The diagnosis of severe asthma was based on the ERS/ATS guidelines for adult asthma.® Patients
were divided into two groups: those who were treated successfully with first-line biologic therapy during the observa-
tional period (continuous group) and those who required switching the initial biologic drug (switched group).

Data regarding patient characteristics, blood eosinophil counts, and serum total IgE were collected from the clinical
documents. The blood eosinophil counts, serum total IgE, pulmonary function tests, FeNO, and comorbidity data were
collected before the observed biologic was introduced to allow for the baseline analysis. The presence of atopy was
defined as a positive specific IgE test result for at least one common inhaled allergen.

FeNO Measurement and Pulmonary Function Tests at Baseline

FeNO concentration was measured with the NIOX MINO® (Aerocrine, Stockholm, Sweden) using a single-breath online
method, following the ATS guideline."® Spirometry, including FEV, and forced vital capacity (FVC) was performed
using a rolling seal Chestac-33 spirometer (Chest MI, Tokyo, Japan), according to the Japanese Respiratory Society
guidelines.'*
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Comorbidities at Baseline

We defined ECRS as a Japanese Epidemiological Survey of Refractory Eosinophilic Chronic Rhinosinusitis (JESREC)
score of 11 or higher."> The JESREC score is an objective clinical assessment for the diagnosis of ECRS'® and consists
of bilateral disease sites, nasal polyps, computed tomography (CT) findings, and eosinophilia in the peripheral blood.
Aspirin-exacerbated respiratory disease (AERD) is characterized by asthma, intolerance to aspirin and other NSAIDs,
chronic rhinosinusitis, mast cell activation, and the overproduction of cysteinyl leukotrienes.'® The definition of AERD is
based on the history of worsening of symptoms with NSAIDs including aspirin, the judgment of the attending physician,
and medical records. Eosinophilic otitis media (EOM) is strongly associated with asthma, and chronic rhinosinusitis is
strongly associated with nasal polyps (CRSWNP).!” EOM was defined as refractory otitis media, diagnosed by an
otolaryngologist. We classified subjects as having AR if they responded affirmatively to the question, “Do you have any
nasal allergies including hay fever?” AR was diagnosed by the attending physician or otolaryngologist.

Statistical Analyses

To compare the differences between the switched and continuous groups, a Student’s ¢-test was used for continuous
parametric variables. The Kruskal-Wallis test was used for continuous non-parametric variables, while the chi-square test
was used for categorical variables. The time to switch biologics along with type 2 inflammatory biomarkers, pulmonary
function indices (FEV; % predicted, FEV,/FVC), JESREC score, and the presence of AERD were assessed using the
Kaplan—Meier method. The hazard ratio for switching biologics was derived from the multivariate Cox proportional
hazards model. The models were adjusted for age, sex, AERD, FEV, % predicted <80%, and JESREC scores >11.
Statistical significance was set at p <0.05. Statistical analyses were performed using the JMP software (SAS Institute Inc.,
Cary, NC, USA).

Results

Comparisons Between the Switched Group and the Continuous Group

Of the 45 patients in whom biologics were introduced, three who discontinued omalizumab before the launch of
mepolizumab were excluded. Thus, 42 patients were included in the analysis. Thirteen (31%) patients required switching
biologics (Table 1). Thirteen patients switched biologics, among whom eight and five patients received mepolizumab and
benralizumab as the baseline agents, respectively. The subjects in the switched group were significantly younger than
those in the continuous group at baseline. The blood eosinophil counts were significantly higher in the switched group
than that in the continuous group, while FEV; % predicted and FEV,/FVC were not significantly different between the
two groups. Regarding comorbidities, ECRS and AERD were more common in the switched group. The reasons for
switching were poor control of asthma in eight patients, ECRS in one patient, EOM in one patient, urticaria in one
patient, an adverse event in one patient, and economic reasons in one patient (Figure 1). Eight patients with asthma
switched biologics because of symptoms of “uncontrolled asthma.”® Some of these patients required administration of
additional oral or systemic corticosteroids or unscheduled hospital visits. In terms of frequency, switching biologics was
observed once in six patients, twice in five patients, and thrice in two patients (Figure 1). Ultimately, one, two, four, and
six patients switched to omalizumab, mepolizumab, benralizumab, and dupilumab, respectively, at the end of the analysis
period (Table 1). Table 2 shows the clinical findings associated with ECRS. The presence of nasal polyps and olfactory
cleft lesions were significantly more prevalent in the switched group than in the continuous group.

Factors Associated with Time to Switch Biologics

The average number of days to switch biologics was 975 (363 days—1338 days), which was significantly shorter in the
group with JESREC scores of >11 than in the group with JESREC scores of <11 (1053 days vs 1480 days) (P <0.05)
(Figure 2A). Patients with AERD also had a significantly shorter time to switch biologics than patients without AERD
(750 days vs 1346 days) (P <0.05) (Figure 2B). The multivariate Cox proportional hazards model revealed that
a JESREC score of >11 and younger age were independently associated with the time to switch biologics, but not the
presence of AERD and FEV,, % predicted (Table 3).
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Table | Demographics of Patients with Asthma in the Continuous and Switched Groups

Characteristics Switched Group Continuous Group P-value
Number of subjects 13 29

Age'™, years 51.0 (37.0-65.5) 64.0 (50.5-71.0) 0.039
Age at onset of asthma¥*, years 32.6 (15.3) 43.3 (16.3) 0.050
Female sex 8 (61.5) 22 (75.9) 0.349
Total IgE, 1U/mL 265 (130-364) 171.5 (97.9-370) 0.435
Blood eosinophil count® (cells/ulL) 706.0 (130.5-1049.5) 298.0 (134.5-517.5) 0.047
Atopy 6 (46.2) 13 (44.8) 0.331
Pulmonary function tests

FEV,, L 2.00 (1.69-2.52) 1.58 (1.02-2.07) 0.333
FEV, % predicted (%) 76.0 + 6.1 763 + 45 0.644
FEV,/FVC<70% 8 (61.5) 21 (72.4) 0.485
FeNO (ppb) 62.5 (14.8-106.8) 44.0 (24.0-66.0) 0.173
Treatment

ICS dose*(ug) 1800 (1500-2800) 1600 (1500-2320) 0.193
Maintenance OCS use 5 (38.5) 14 (63.6) 0.149
LAMA use 13 (44.8) 4 (25.0) 0.189
LTRA use 12 (75.0) 22 (75.9) 0.949
Biologics at baseline* 0/8/5/0 10/3/11/5 0.001
(Oma/Mep/Ben/Dup)

Biologics after switching 1/2/4/6 10/3/11/5 0.115
(Oma/Mep/Ben/Dup)

Comorbidities

AR 4 (26.7) 6 (20.7) 0.765
JESREC 11 or higher¥* 8 (61.5) 8 (27.6) 0.036
EOM 4 (25.0) Il (37.9) 0.336
AERD* 6 (46.2) 3 (10.3) 0.011

Notes: Data are shown as the mean * standard deviation, median (interquartile range), or number (%). P-values were obtained using the chi-square test,
Student’s t-test or the Kruskal-Wallis test, as appropriate. *P< 0.05 tAge at the time of introduction of biologics. *Equivalent to budesonide dose. SECRS was
defined as JESREC || or higher.

Abbreviations: AERD, aspirin-exacerbated respiratory disease; AR, allergic rhinitis; ben, benralizumab; dup, dupilumab; ECRS, eosinophilic chronic
rhinosinusitis; EOM, eosinophilic otitis media; FeNO, fractional exhaled nitric oxide; FEV|, forced expiratory volume in | s; FVC, forced vital capacity;
ppb, parts per billion; ICS, inhaled corticosteroids; JESREC, Japanese Epidemiological Survey of Refractory Eosinophilic Chronic Rhinosinusitis; LAMA, long-
acting muscarinic antagonist; LTRA, Leukotriene Receptor Antagonist; mep, mepolizumab; oma, omalizumab.

Discussion

The findings of this retrospective study suggest that patients with asthma who required switching biologics were treated
with mepolizumab and benralizumab and characterized by the presence of ECRS (defined by JESREC scores of >11) or
AERD, younger age, and higher eosinophil counts. Moreover, the time to switch biologics was significantly shorter in
asthma patients with ECRS or AERD compared to their counterparts. Multivariate analysis revealed that JESREC scores
of >11 and younger age were independently associated factors for switching biologics. Thus, a multidimensional
approach when using biologics, including the evaluation of comorbidities, would improve the management of severe
asthma, especially with anti-IL-5 agents.

In the present study, all biologics were initiated for poor asthma control by pulmonary physicians. The primary endpoints
in most of the previous studies on biologics have solely focused on asthma-related outcomes, such as exacerbations, asthma
symptoms, pulmonary function, and the reduction in the OCS dosage. However, it should be emphasized that patients with
severe asthma often have comorbidities such as ECRS, AR, GERD, and AD. Interestingly, this study showed that ECRS
underlies the switching of biologics, although the worsening of ECRS was an immediate reason for switching biologics in
only one patient. This result may highlight the confounding effect of ECRS in treatment with biologics.
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Figure | Frequency of switching biologics in the switched group. Switching biologics was observed once in six patients, twice in five patients, and three times in two

patients.

Crosstalk between ECRS and asthma has been suggested, which highlights the need for the assessment of ECRS in
severe asthma.'® Eger et al have shown that sinonasal comorbidities are a feature in partial responders (69% of the total
subjects) with residual disease manifestation, which resulted in switching biologics.'® Akaba et al have also reported that
CRSwWNP was more prevalent in those who switched than in those who continued first-line biologics."” In this study, we
identified ECRS, a severe phenotype of CRSwNP, as an associated factor for switching biologics. The JESREC score is
a criterion based on the findings of sinus CT and blood tests, which is often available in clinical practice.'>*° Notably,
a high hazard ratio of switching biologics with a JESREC score >11 was observed, independent of age, sex, AERD, and
FEV, % predicted <80%. Thus, our results have confirmed and broadened previous findings. Meanwhile, younger age
was an independent risk factor affecting the time to switch. Patients with asthma were significantly younger in the
switched group than those in the continuous group (51.0 [37.0-65.5] and 64.0 [50.5-71.0] years old, respectively)
(Table 1). Non-responders to anti-IL-5 antibody drugs were significantly younger at baseline than responders,”’ which
may be concordant to poor control of asthma at younger ages, which resulted in switches in the present study. Thus, it
might be possible that younger patients require more switches to find the optimal biologics. This should be validated in
future studies.

Reports have suggested that the responses of the upper and lower airways to biologics can vary in asthmatics.'"*'* In
a previous case report, asthma was well controlled with benralizumab, while comorbid ECRS responded better to
mepolizumab than to benralizumab.'' In contrast, the coexistence of nasal polyps is predictive of a better response to
benralizumab.>' Benralizumab improves QoL of patients with severe eosinophilic asthma, especially in those with
concomitant nasal polyps.?*> A switch could be considered when the upper airway disease is not controlled by biologics in
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Table 2 Factors Related to Eosinophilic Chronic Rhinosinusitis in the Continuous and Switched Groups

Characteristics Switched Group Continuous Group P-value
Number of subjects 13 29

JESREC score*, points 11.0 (7.5-17.0) 8.0 (4.0-10.5) 0.030
Olfactory cleft lesion* 7 (54) 4 (14) 0.008
Nasal polyp* 6 (55) 5(20) 0.042
Affected side: both sides 8 (73) 10 (42) 0.083
Ethmoid-dominant inflammation 7 (64) 7 (29) 0.054
Severe ECRS 5(71) 4 (57) 0.833
CT grading score (Lund-Mackay), point Il (0-20.0) |1 (0-6.8) 0.150

Notes: Data are shown as the median (interquartile range), or number (%). P-values were obtained using the chi-square test or the Kruskal-Wallis test, as
appropriate. *P < 0.05.
Abbreviations: ECRS, eosinophilic chronic rhinosinusitis; JESREC, Japanese Epidemiological Survey of Refractory Eosinophilic Chronic Rhinosinusitis; CT,
computed tomography.

patients with the coexistent asthma and upper airway disease. However, no predictors for responses have been
elucidated.”® Conclusively, the efficacy in biologics should be evaluated in all organs in individuals.

The prevalence of AERD has been estimated to be 5.5-12.4% in asthma and as high as 14.9% in severe asthma.**
Furthermore, nearly 9.7% of asthmatics with chronic rhinosinusitis with nasal polyps have AERD.?* AERD is one of the
factors contributing to a deterioration in clinical outcomes and refractory asthma Omalizumab has been reported as
a candidate for the treatment of AERD.?® In this study, AERD was more common in the switched group, which may be
explained by the high rate of coexistent AERD and ECRS. This is reflected by the finding that ECRS was an
independently associated factor for the time to switching biologics and not AERD.

Higher BMI, more respiratory symptoms, fewer nasal polyps, lower FEV,, and higher doses of OCS have been
suggested as the characteristics of non-responders to biologics.” Previous reports on anti-IL-5 biologics showed that
FEV,, % predicted of >80% and less than 10 years of duration of asthma were associated factors in super responders;
however, there were no independent clinically distinctive factors in non-responders.'’ None of the abovementioned
characteristics of non-responders correlated with switching biologics in the present study, which may imply that asthma
control is not the sole reason for the discontinuation of biologics. Notably, there were no differences in the maintenance
drugs at baseline between the switched and continuous groups besides biologics, such as the doses of ICS and the use of

A — JESREC, <11 B — AERD (-)
10 - — JESREC, 211 10 A — AERD (+)
0.8 0.8 1 1 I
06 - 0.6
04 - 04
0.2 - 02 -
0 T I T 1 0 | I I 1
0 500 1000 1500 2000 0 500 1000 1500 2000
) ) d . ) d
Time to switch (day) Time to switch (day)
Log-rank P=0.024 Log-rank P=0.033

Figure 2 Kaplan—Meier curves for time to switch the biologics. (A) The subgroup analysis on JESREC score. The time to switch biologics was significantly shorter in the
subgroup with the JESREC score of || or higher than that with the JESREC score <I1 (P <0.05). (B) The subgroup analysis on AERD. The time to switch biologics was
significantly shorter in the subgroup with AERD than that without AERD (P <0.05).
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Table 3 Associated Factors with Time to Switch Biologics

Variable Hazard Ratio (95% CI) P-value
Aget* 0.91 (0.84-0.96) 0.004
Female sex 0.20 (0.01-2.67) 0.224
FEV,, % predicted 1.03 (0.46—1.08) 0.137
JESREC, =1 I* 20.8 (1.78-240.9) 0.015
AERD 0.41 (0.06-2.8) 0.362

Notes: *P< 0.05. TAge at time of biologics introduction.
Abbreviations: AERD, aspirin-exacerbated respiratory disease; FEV|, forced expiratory volume in |
s; JESREC, Japanese Epidemiological Survey of Refractory Eosinophilic Chronic Rhinosinusitis.

long-acting muscarinic antagonists, leukotriene receptor antagonists, and OCS (Table 1). Moreover, no significant
modification was found in those drugs during the observed periods, which strengthens the results of this study.

This study has several limitations. First, given the nature of a retrospective study, there were no clear criteria for
stopping or switching the therapy. Thus, the decision of discontinuing or switching biologics depended on the attending
physician. Nevertheless, considering the current state in which no criteria have been established for a switch, findings
obtained in real-world settings are of value. Second, the sample size of this study was relatively small. This may
considerably affect the results, reflected by the wide confidence interval. Third, three patients had been treated by other
biologics before their entry to the present study, which might affect the findings. Lastly, the indications and clinical
availabilities of the four biologics varied in Japan, which may have affected the results of this study. Dupilumab was
indicated for ECRS and AD, and omalizumab was indicated for seasonal AR and idiopathic chronic urticaria besides
asthma, while mepolizumab and benralizumab were indicated for asthma only. Omalizumab has been available for
asthma treatment since March 2009, mepolizumab since June 2016, benralizumab since April 2018, and dupilumab since
March 2019. Dupilumab became available for the treatment of ECRS in March 2020. Thus, future studies should judge
the effects of the biases and examine the results of these studies.

Conclusion

ECRS assessed by a JESREC score of >11 was associated with switching biologics. This highlights the significance of
assessing comorbidities in the treatment of asthma with biologics. The selection and switching of biologics should be
considered holistically and not just based on the organ system.

Abbreviations

ACT, Asthma Control Test; AD, atopic dermatitis; AERD, aspirin-exacerbated respiratory disease; AR, allergic rhinitis;
CRSwNP, chronic rhinosinusitis with nasal polyps; CT, computed tomography; ECRS, eosinophilic chronic rhinosi-
nusitis; EOM, eosinophilic otitis media; FeNO, fractional exhaled nitric oxide; FEV,, forced expiratory volume in
1 second; FVC, forced vital capacity; GERD, gastroesophageal reflux disease; ICS, Inhaled corticosteroids; JESREC,
Japanese Epidemiological Survey of Refractory Eosinophilic Chronic Rhinosinusitis; LABA, long-acting beta2-
agonist; OCS, oral corticosteroids.
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