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Abstract

Background: Asthma control has been shown to improve after clinical use of molecular-targeted biologic drugs.  
Although most patients have shown favorable responses to biologic drugs, some individuals need to switch to another 
biologic drug. To date, limited data are available regarding patients who received multiple biologic drugs. 

Objective: We aimed to evaluate the characteristics and outcomes of patients treated with multiple biologic drugs.

Methods: We reviewed severe asthma patients who received biologic drugs between May 2009 and September 2019. 
Clinical characteristics of patients and changes in annualized asthma exacerbation rates, asthma control test (ACT), and 
oral corticosteroid (OCS) dose, before and after the use of the final biologic drug, were evaluated. 

Results: Of the 105 patients who received biologic drugs, 20 patients received multiple biologic drugs. Twelve patients 
received two biologic drugs, six received three, and two received four. Patients who received multiple biologic drugs 
tended to have a significantly higher number of allergic or eosinophilic airway comorbidities (allergic rhinitis: p = 0.02, 
chronic rhinosinusitis with nasal polyps: p < 0.001). Approximately half of the patients changed to different treatments 
due to uncontrolled comorbidities. Annualized exacerbation rates, ACT, and OCS dose significantly improved after the 
latest biologic drug use (p = 0.035, p < 0.001, and p = 0.038, respectively). 

Conclusion: The results of this study indicated that allergic and eosinophilic airway comorbidities should be considered  
during the selection of biologic drugs. Furthermore, most patients who received multiple biologic drugs achieved  
disease control after switching to the optimal biologic drug. 

Key words: severe asthma, biologic drug, allergic comorbidity, allergic rhinitis, chronic rhinosinusitis with nasal polyps

106

Affiliation:
Department of Respiratory Medicine, Tokyo Women’s Medical 
University School of Medicine, Tokyo, Japan

Corresponding author:
Etsuko Tagaya
Department of Respiratory Medicine, Tokyo Women’s Medical 
University School of Medicine,
8-1 Kawada-cho, Shinjuku-ku, Tokyo 162-8666, Japan
E-mail: tagaya.etsuko@twmu.ac.jp

Citation: 
Akaba, T., Kondo, M., Muramatsu, S., Abe, K., Kobayashi, F., 
Miyoshi, A., Yagi, O., Takeyama, K., Tagaya, E. (2023).  
Clinical characteristics and treatment outcomes of severe asthma 
patients with a history of multiple biologic drugs use.  
Asian Pac J Allergy Immunol, 41(2), 106-112.  
https://doi.org/10.12932/ap-170221-1070

Introduction
Asthma is a heterogeneous chronic inflammatory disease  

affecting airways in the lung. The main symptoms of  
asthma are defined as wheezes, shortness of breath, chest 
tightness and cough that vary over time.1 Asthma comprises  
a number of different clinical phenotypes and molecular  
endotypes. Most asthma patients, approximately 350 million 
individuals worldwide, can manage their symptoms by using  
conventional therapies, such as inhaled corticosteroids 
(ICS) and long-acting beta 2-agonists (LABA).2 However,  
approximately 4% of asthma patients do not achieve disease 
control, which is defined as severe asthma, and these patients 
may receive additional therapies based on disease phenotypes, 
including oral corticosteroids (OCS), bronchial thermoplasty,  
or molecular-targeted biologic drugs.3–5 For severe asthma  
patients with type-2 inflammation, there are currently four  
biologic drugs (omalizumab, mepolizumab, benralizumab, 
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Methods
This study was conducted at Tokyo Women’s Medical 

University Hospital where biologic drugs are widely used.  
We retrospectively reviewed the medical records of patients 
with severe asthma (age 20 years or over) who received  
biologic drugs between May 2009 and September 2019. 
During this study period, four biologic drugs were 
commercially available: omalizumab from May 2009,  
mepolizumab from June 2016, benralizumab from April 
2018, and dupilumab from March 2019. If patients met 
the indication criteria, physicians could prescribe a  
biologic drug to their patients; selection of a particular  
biologic drug was made based on the physician’s  
discretion and commercial availability. Severe asthma was  
defined as requiring regular treatment with beclomethasone  
dipropionate (> 1000 μg/day) or an equivalent dose of 
ICS, and other additional asthma medications, such as a  
leukotriene receptor antagonist, long-acting muscarinic  
antagonist, theophylline, antihistamine, and OCS (equivalent  
to guideline steps 4 or 5, according to the Global Initiative  
for Asthma 2019).3 Patients received biologic drugs for at 
least 16 weeks, except in cases where discontinuation was 
necessary due to side effects. We considered switching  
biologic drugs when patients’ asthma symptoms persisted  
or if they could not discontinue or de-escalate daily dose 
of OCS. After discontinuation of the biologic drug, the  
duration before switching to another biologic drug was set 
at least 16 weeks. Patients who received omalizumab were  
allergic to at least one perennial allergen, as confirmed  
via a blood test or prick test. Both mepolizumab  
and benralizumab were used for patients with a peripheral  
blood eosinophil count of > 150/μL. Patients who received  
dupilumab were recruited irrespective of a minimum  
peripheral blood eosinophil counts or biomarkers of type-2  
inflammation. Patients with allergic bronchopulmonary  
aspergillosis and eosinophilic granulomatosis with  
polyangiitis, were excluded from this study. 

and dupilumab) available in Japan. Each of these biologic 
drug have been shown to improve asthma control in terms 
of the reduction of asthma exacerbation rates and/or OCS  
use.6–10 Importantly, patients with certain asthma phenotypes, 
such as allergic or eosinophilic, may be more responsive to 
treatment with biologics. Additionally, these biologic drugs 
are effective not only for asthma, but also for other allergic 
and eosinophil-associated diseases such as allergic rhinitis,  
allergic dermatitis, and chronic rhinosinusitis, which are often 
comorbid with asthma.11–13

To date, very few studies have directly compared the effect 
of biologic drugs, and there is no definite indication for the 
selection of biologic drugs. Although most patients showed 
a favorable response to biologic drugs, some may need to  
discontinue one treatment and change to another biologic  
drug. There are no reports on the outcomes and clinical  
characteristics of patients after treatment failure with an 
initial biologic drug. Therefore, we sought to evaluate the  
characteristics and outcomes of patients treated with multiple 
biologic drugs.

The data collected from each patient included age, sex, 
body mass index (BMI), peripheral blood eosinophil counts, 
total IgE levels, fractional exhaled nitric oxide (FeNO),  
disease comorbidities, smoking history, regular OCS use, 
and the type of biologic drugs used during the study  
period. In addition, asthma phenotype such as type 2  
asthma, atopic asthma, eosinophilic asthma, and overlap  
were evaluated based on peripheral blood eosinophil  
counts (> 300/μL) and allergic status (1 or more perennial  
inhaled allergen-specific IgE concentrations of more than  
0.70 UA/mL).14 In this study, type 2 asthma was defined as 
asthma with eosinophilic and/or atopic status. The reason 
for the change in biologic drugs and the type of the latest  
biologic drug used, were reviewed. We also evaluated changes  
in annualized asthma exacerbation rates before and after  
the use of the final biologic drug introduced. An asthma  
exacerbation event was defined as the deterioration of  
asthma maintenance that required hospital admission or  
an emergency department visit, and treatment with systemic  
corticosteroids. The annualized exacerbation rate was defined  
as the number of exacerbations × 12 / the duration of the  
observation period (months). In addition, we confirmed 
changes in the asthma control test (ACT) scores and 
OCS dose from before and one year, after the initiation of  
treatment with the final biologic drug.15 ACT scores of  
20-25 were classified as well-controlled asthma. In addition, 
the minimal clinically important difference (MCID), defined  
as a three-point increase in ACT score, was considered  
reflective of a clinical improvement.16 The OCS dose was  
described as the equivalent prednisolone dose. 

The institutional review board of Tokyo Women’s  
Medical University approved the study (approval number: 
5593), and all procedures were performed in accordance with 
the Good Clinical Practice guidelines and the Declaration 
of Helsinki. The study protocol was registered in the WHO  
International Clinical Trials Registry Platform (ICTRP) with the  
registration number UMIN000043274. Written informed  
consent was obtained from the patients at the initiation of the 
biologic drug treatment.

Data for continuous variables were expressed as the  
median (interquartile range) and for categorical variables 
as a percentage. Continuous variables were compared using 
the Mann–Whitney U test and categorical variables with the  
Fisher’s exact test. The paired t-test was used to compare 
the variables before and after the biologic drug treatment. 
A p-value < 0.05 was considered statistically significant.  
Analyses were performed using JMP software v11.0 (SAS  
Institute Japan Ltd., Tokyo, Japan).

Results
Characteristics of patients 

A total of 105 patients were enrolled in this study.  
Eighty-five patients received one biologic drug, while 20  
patients received more than two biologic drugs (Figure 1).  
Among these 20 cases, 12 patients received two biologic 
drugs, 6 received three biologic drugs, and 2 received four 
biologic drugs (Table 1). Compared to the single biologic  
drug use group, patients who received multiple biologic drugs 
showed significantly higher FeNO levels (p = 0.02) (Table 2). 
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Figure 1. The number of severe asthma patients who the received biologic drug.

Severe asthma patients treated 
with the biologic drug (n = 105)

More than two biologic drugs (n = 20)
- Two biologic drugs (n = 12)
- Three biologic drugs (n = 6)
- Four biologic drug (n = 2)

One biologic drug (n = 85)
No

Yes

Treatment failed 
and changed the biologic drug

Biologics 1 Biologics 2 Biologics 3 Biologics 4 Phenotype Blood 
eosinophil

Total 
IgE FeNO Comorbidities

82F Omalizumab Mepolizumab - - Overlap 523 353 137 allergic rhinitis, CRSsNP

43F Omalizumab Dupilumab - - Atopic 38 106 18 allergic rhinitis, atopic 
dermatitis

66M Omalizumab Benralizumab - - Overlap 304 362 70 allergic rhinitis, CRSwNP

79M Omalizumab Mepolizumab - - Overlap 341 37 123 COPD (ACO)

62M Omalizumab Mepolizumab - - Overlap 696 556 94 CRSwNP, EOM

41F Omalizumab Mepolizumab - - Overlap 701 191 84 EOM

81F Omalizumab Mepolizumab - - Overlap 302 354 151 allergic rhinitis, CRSsNP

47F Omalizumab Mepolizumab - - Atopic 158 87 62 allergic rhinitis

67M Omalizumab Mepolizumab - - Overlap 713 42 111 CRSwNP, EOM

60F Omalizumab Dupilumab - - Overlap 538 594 182 CRSwNP, atopic dermatitis, 
spontaneout urticaria

54M Omalizumab Mepolizumab - - Overlap 377 272 16 allergic rhinitis

49M Omalizumab Dupilumab - - Overlap 1310 517 161 allergic rhinitis, spontaneous 
urticaria

57F Omalizumab Mepolizumab Benralizumab# - Overlap 581 517 92 CRSwNP

40F Benralizumab Mepolizumab Omalizumab - Atopic 261 218 84 allergic rhinitis, CRSwNP

41M Omalizumab Mepolizumab Benralizumab - Overlap 1080 154 31 allergic rhinitis, CRSwNP, 
EOM

27F Benralizumab Omalizumab Dupilumab - Overlap 321 884 46 allergic rhinitis

50F Omalizumab Benralizumab Mepolizumab - Atopic 169 208 20 allergic rhinitis, CRSsNP

55M Mepolizumab Benralizumab Omalizumab - Overlap 309 201 257 allergic rhinitis, CRSsNP, 
spontaneous urticaria

47F Omalizumab Mepolizumab Omalizumab* Dupilumab Overlap 397 18 24 allergic rhinitis, atopic 
dermatitis

62M Omalizumab Dupilumab Benralizumab Mepolizumab# Overlap 489 210 31 CRSwNP, EOM, COPD 
(ACO)

Table 1. Clinical characteristics of patients who received multiple biologic drugs.

Abbreviations: EOM, eosinophilic otitis media; CRSwNP, chronic sinusitis with nasal polyps; CRSsNP, chronic sinusitis without nasal polyps; ACO,  
Asthma-COPD overlap; 
*rechallenge, #no preferable effect was observed after the latest biologic drug use
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In addition, the multiple biologic drugs group had a  
significantly higher proportion of comorbidities, including  
allergic rhinitis and chronic rhinosinusitis with nasal  
polyps (CRSwNP) (p = 0.02 and p < 0.001, respectively).  
No significant differences in any other parameters, such as 
age, sex, peripheral blood eosinophil counts, and total IgE  
levels, were observed. All patients who received multiple  
biologic drugs were type 2 phenotype and 80% of them  
overlapped atopic and eosinophilic status. 

Reasons for biologic drug change
Patients who did not respond to omalizumab treatment 

(n = 19) discontinued biologic drugs due to no preferable  
effect (73.7%) or uncontrolled comorbidities (57.9%) (Table 3).  
Most patients who had been treated with and discontinued 
mepolizumab (n = 5), benralizumab (n = 4), or dupilumab 
(n = 1), changed biologic drugs due to uncontrolled asthma  
symptoms. In this study, approximately half (48.3%) of drug 

Patient’s characteristics
patients who received 
single biologic drug 

(n = 85)

patients who received 
multiple biologic drugs 

(n = 20)
p

Age (years) 58 (45-66) 54.5 (46-63) 0.95‡

Male (%) 26 (31) 9 (45) 0.22†

FENO (ppb) 30 (18-72) 84 (31-127) 0.02‡

OCS use 34 (40) 6 (30) 0.41†

Blood eosinophil counts (/μL) 227 (98-508) 387 (233-610) 0.12‡

Total IgE (IU/mL) 341 (105-425) 214 (141-401) 0.71‡

BMI (kg/m2) 23.9 (20.9-26.7) 25.1 (21.2-27.4) 0.42‡

Smoking 27 (31) 8 (42) 0.48†

Comorbidities

- allergic rhinitis 31 (36.5) 13 (65) 0.02†

- EOM 8 (10) 5 (25) 0.12†

- CRSwNP 6 (7) 8 (40) < 0.001†

- CRSsNP 6 (7) 4 (20) 0.09†

- spontaneous urticaria 5 (6) 2 (10) 0.62†

- atopic dermatitis 6 (7) 3 (15) 0.37†

- COPD 10 (12) 2 (10) 1†

Biologic drugs at the initiation

- omalizumab 67 (84) 17 (85) 0.76†

- mepolizumab 9 (11) 2 (10) 0.16†

- benralizumab 3 (4) 0 (0) 1†

- dupilumab 6 (7) 1 (5) 1†

Table 2. Baseline characteristics at the initiation of the biologic drug.

Abbreviations: EOM, eosinophilic otitis media; CRSwNP, chronic sinusitis with nasal polyps; CRSsNP, chronic sinusitis without nasal polyps
Values are median (interquartile range) or number (%)
†Fisher’s exact test, ‡Mann-Whitney Utest

discontinuation occurred due to the poor control of  
comorbidities. Only two patients changed biologic drugs  
because of side effects (one patient discontinued treatment 
due to skin rash, the other due to headache and fatigue). 

The latest biologic drug type and treatment outcomes
Among patients who received multiple biologic 

drugs, 17 patients (85%) received omalizumab, 2 patients  
(10%) received mepolizumab, and 1 patient (5%) received  
dupilumab at the initiation of treatment (Table 1). After  
treatment failure with the initial biologic drug, 2 patients were 
finally switched to omalizumab, 10 patients were switched to 
mepolizumab, 3 patients were switched to benralizumab, and 
5 were switched to dupilumab. 

Regarding treatment outcomes, 12 patients (60%) showed 
a reduction in the number of annualized exacerbations  
(p = 0.035) (Figure 2a). With regard to changes in the ACT 
score, 10 patients (50%) achieved disease control 1 year 
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Table 3. The reason for the change of biologic drugs.

No improvement# Comorbidities# Side effect#
The number 
of biologics 

changed*

omalizumab 14 11 0 19

mepolizumab 4 2 1 5

benralizumab 4 1 1 4

dupilumab 1 0 0 1

*Cumulative total number of patients
#Multiple choice allowed and there is some overlapping.

Figure 2.
Figure 2a. Annualized exacerbation rates before and after treatment of the latest biologic drug.
Figure 2b. ACT scores before and after treatment of the latest biologic drug.
Figure 2c. OCS dose before and after treatment of the latest biologic drug.

20

10

0

25

15

5

30

Before treatment After treatment

a.

n = 20
p = 0.035*

*Paired t-test

20

10

0

25
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5

Before treatment After treatment

b.

n = 20
p < 0.001*

*Paired t-test

8

4

0

10

6

2

12

Before treatment After treatment

c.

n = 20
p = 0.038*

*Paired t-test
#Prednisolone equivalent dose

14
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Discussion
In this study, we revealed the clinical characteristics and 

treatment outcomes of patients with severe asthma, who 
received treatment with more than two biologic drugs.  
Because only 20 patients who received multiple biologic drugs 
were evaluated, it seems rather difficult to reach a definite  
conclusion. Therefore, we regarded this study as a pilot study 
and future research with a higher number of participants is 
much needed. This study showed that patients who tended  
to have a significantly higher proportion of allergic or  
eosinophilic airway comorbidities, experienced increased 
treatment failure with biologic drugs. Additionally, we  
confirmed that patients with the most severe asthma who 
were treated with multiple biologic drugs, achieved disease 
control even if treatment with an initial biologic drug had 
failed. 

Most clinical characteristics of patients with severe asthma 
who used multiple biologic drugs did not differ from those of 
patients who used only one biologic drug. Only FeNO and the 
proportion of allergic and eosinophilic airway comorbidities  
tended to be higher in the multiple biologic drugs group. 
One possible explanation for this is that a higher FeNO level  
may reflect the existence of allergic or eosinophilic airway  
comorbidities.17,18 Both allergic rhinitis and CRSwNP, often  
comorbid with asthma, are associated with type-2 airway  
inflammation.19,20 In this study, a considerable number 
of patients changed biologic drugs due to uncontrolled  
comorbidities. The “one airway, one disease” theory shows 
that the treatment of both asthma and airway comorbidities  
is essential.21 Therefore, the selection of a biologic drug  
treatment should be made likewise. For example, it has been 
reported that patients with severe asthma and CRSwNP, 

after the initiation of the latest biologic drug (Figure 2b). 
Moreover, 12 patients (60%) achieved MCID. The total  
difference between before and after treatment was also  
significant (p < 0.001). Lastly, we confirmed that five patients 
(25%) showed a reduction in the OCS dose (Figure 2c).  
Although the OCS dose increased in 1 patient and 14  
patients did not use OCS regularly, the reduction in the OCS 
dose before and after treatment was statistically significant  
(p = 0.038). Among patients who received multiple biologic 
drugs, most achieved disease control of allergic comorbidities 
as well as their asthma. 

Figure 3. Asthma phenotype of patients and possible treatment suggestion.

Omalizumab Dupilumab Mepolizumab
Benralizumab

Atopic asthma

Frequent comorbidity:
Allergic rhinitis
Atopic dermatitis

Overlap of asthma phenotype Eosinophilic asthma

Frequent comorbidity:
EOM
CRSwNP

showed a positive treatment response to dupilumab.22  

Similarly, symptoms of patients with asthma and eosinophilic  
otitis media, were well controlled by mepolizumab.23  

Moreover, various reports show that other allergic diseases 
can be treated by biologic drugs. For example, omalizumab is 
effective for spontaneous urticaria, and dupilumab has shown 
favorable effects in the treatment of atopic dermatitis.12,24  
The results from this study showed that disease comorbidities  
may contribute to the treatment failure with biologic  
drugs. Therefore, allergic and eosinophilic airway disease  
comorbidities should be taken into consideration when 
selecting a particular biologic drug treatment. Optimal  
disease control can be achieved by treating both asthma and 
its associated comorbidities. 

This study revealed that a significantly higher number of 
patients who used multiple biologic drugs ultimately achieved 
disease control. To the best of our knowledge, there has been 
no direct comparison between biologic drugs. An arm-based 
network meta-analysis did not show significant superiority  
of one biologic drug over the other.25 However, indirect  
comparison between dupilumab and benralizumab showed 
dupilumab significantly reduced annual exacerbation rates 
than benralizumab.26 In addition, several studies showed that 
patients who did not achieve symptom maintenance with 
the initial biologic treatment, achieved disease control when 
they switched to other biologics.27,28 In Japanese populations, 
it has been reported that 80% of difficult-to-treat asthma is 
of the Th2 phenotype.14 Among these cases, approximately 
35% overlap between allergic and eosinophilic phenotypes.  
Interestingly, in this study, 80% of patients with multiple  
biologic drug use showed overlap between atopic status and 
high eosinophilic condition. Therefore, it is possible that 
more than two biologics can be potential candidates for the  
treatment of these patients (Figure 3). Because we still do not 
have a definitive procedure for the selection of biologic drugs, 
we should choose and switch candidate biologics based on  
allergic comorbidities and asthma subtype. We confirmed 
that all treatment assessment data, namely annualized asthma  
exacerbation rates, ACT scores, and OCS use, significantly  
improved after the initiation of the final biologic drug.  
These findings suggest that a patient’s biologic drug should 
potentially be switched if a patient does not achieve favorable 
results and that changing the biologic drug may lead to better 
treatment outcomes. 
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This study has several limitations that should be  
acknowledged. First, the selection of biologic drugs can 
be influenced by the availability of drugs. In Japan, the  
anti-IgE antibody, omalizumab, was only available from  
2009 to 2015, after which the anti-interleukin (IL) 5 antibody  
mepolizumab, anti-IL-5Rα antibody benralizumab, and  
anti-IL4/13 antibody dupilumab became commercially  
available, in that order. Moreover, the selection of different  
biologic drugs ultimately depends on each physician’s  
discretion. This may introduce a selection bias when  
choosing a biologic drug. However, because biologic drugs are 
used on the basis of commercial indications, the evaluation of 
disease comorbidities and treatment outcomes after multiple 
biologic drug use is warranted. Finally, since this study was a 
single-center retrospective analysis, the results might not be 
applicable to all patients. In particular, the severity of asthma 
phenotype may vary by region and race.29 To validate these 
biases, a further study evaluating the four available biologic 
drugs at the initiation of the study, with a larger number of 
study participants and a strict protocol, is needed.

Conclusions
The results from this pilot study suggest that assessment of 

allergic and eosinophilic airway comorbidities is important in 
the selection of biologics. When the patient does not achieve 
disease control with treatment of the initial biologic drug, 
changing treatment with other biologic drugs may be a good 
option. The optimal choice of a biologic drug may contribute 
to good treatment outcomes with regard to both asthma and 
associated comorbidities. 
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