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Background: The Japanese drug use system allowed the once-daily use of inhaled corticosteroid fluticasone furoate (FF) combined with a long-acting beta-2 agonist vilanterol (VI) and a long-acting muscarinic antagonist umeclidinium (UMEC) against asthma on 18 February 2021. We investigated the real-world effects of these drugs (FF/UMEC/VI) mainly on lung function tests.
Methods: This was an open-label, uncontrolled, within-group time-series (before-after) study. Prior asthma treatment (inhaled corticosteroid with/without a long-acting beta-2 agonist with/without a long-acting muscarinic antagonist) was switched to FF/UMEC/VI 200/62.5/25 μg. Subjects were evaluated by lung function tests prior to, and 1–2 months after, initiation of FF/UMEC/VI 200/62.5/25 μg. Patients were asked questions regarding the asthma control test and preference for drugs.
Results: Overall, 114 asthma outpatients (97% Japanese) were enrolled from February 2021 to April 2022: 104 subjects completed the study. Forced expiratory volume in 1 s, peak flow, and asthma control test score of FF/UMEC/VI 200/62.5/25 μg-treated subjects were significantly increased (p < 0.001, p < 0.001, and p < 0.01, respectively). In contrast with FF/VI 200/25 μg, instantaneous flow at 25% of the forced vital capacity and expiratory reserve volume were significantly increased by FF/UMEC/VI 200/62.5/25 μg (p < 0.01, p < 0.05, respectively). Sixty-six percent of subjects declared they wanted to continue FF/UMEC/VI 200/62.5/25 μg in the future. Adverse effects, mainly local, were seen in 30% of patients, but no serious adverse effects were seen.
Conclusion: Once-daily FF/UMEC/VI 200/62.5/25 μg was effective against asthma without serious adverse events. This is the first report that demonstrated FF/UMEC/VI dilated peripheral airways using lung function tests. This evidence on drug effects may improve our understanding of pulmonary physiology and the pathophysiology of asthma.
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1 INTRODUCTION
Asthma is defined by a history of respiratory symptoms including wheezing, shortness of breath, dyspnea, and cough that vary over time and intensity, together with variable expiratory airflow limitation (Global Initiative for Asthma, 2022; World Health Organization) (Global Initiative for Asthma, 2022). This condition is caused by chronic airway inflammation, and the daily use of inhaled corticosteroids (ICS) is recommended for the treatment of patients with persistent asthma (Global Initiative for Asthma, 2022). The use of beclomethasone, the first ICS, was approved in 1978 in Japan. This first-generation ICS needed to be used four times a day. The Japanese drug system then approved fluticasone propionate (FP) in 1998 and budesonide in 2002, both of which needed to be used twice daily.
The combination of a long-acting β2-agonist (LABA) and ICS was recommended for patients at high risk of asthma exacerbations (Global Initiative for Asthma, 2022), and the first combined ICS/LABA, fluticasone propionate/salmeterol xinafoate (FP/S), was approved for use in Japan in 2007. In 2013, the first “once-daily use” of combined ICS/LABA, fluticasone furoate (FF) and vilanterol (VI), was allowed and we demonstrated the real-world efficacy and safety of this FF/VI 200/25 μg in Japanese patients with asthma (Umeda et al., 2019; Allen et al., 2013; Slack et al., 2013). We concluded that FF/VI appeared to be effective on larger airways and yielded a greater satisfaction despite a higher incidence of local effects compared to previous ICS/LABA.
Complications of asthma include asthma-chronic obstructive pulmonary disease (COPD) overlap, termed ACO (Global Initiative for Asthma, 2022). The Japanese drug use system approved the use of a triple combined drug consisting of ICS/LABA (FF/VI 100/25 μg) and a long-acting muscarinic antagonist (LAMA), umeclidinium (UMEC 62.5 μg) for COPD in May 2019. UMEC is a quinuclidine derivative and potent anticholinergic with slow functional reversibility at the human M3 receptor (Salmon et al., 2013; Naline et al., 2018; Lee et al., 2015). UMEC was approved as a maintenance treatment for COPD in the US, EU and Japan earlier than for asthma (Lee et al., 2015; Feldman et al., 2016; Pleasants et al., 2016; Donohue et al., 2012; 2013; Zhong et al., 2020; Singh et al., 2018; Maltais et al., 2014; Decramer et al., 2013; Tal-Singer et al., 2013; Trivedi et al., 2014). Historically, COPD was defined as a different disease compared with asthma. Currently, it is understood that COPD can be diagnosed after ruling out asthma. Therefore, it is confusing and difficult to differentiate completely between asthma and COPD (Global Initiative for Asthma, 2022).
The Japanese drug use system first approved the use of the triple combined drug consisting of ICS (FF 200 μg)/LABA (VI 25 μg)/LAMA (UMEC 62.5 μg) against asthma on 18 February 2021. Although there was a landmark report of the phase 3A random controlled trial (RCT) (CAPTAIN Study) on the data of forced expiratory volume in 1 s (FEV1), the efficacy of this combined drug (FF/UMEC/VI 200/62.5/25 μg) on other parameters of lung function tests has not been well known (Lee et al., 2021). The aim of this study was to evaluate the real-world efficacy of FF/UMEC/VI 200/62.5/25 μg mainly on the lung function tests for Japanese patients with asthma. Short-acting muscarinic antagonists are thought to provide less bronchodilation than short-acting β2-agonists in asthma patients (Ferrando et al., 2017). The factors reported to respond to anticholinergic agents include older asthmatic patients, or nocturnal or intrinsic (non-allergic) asthma (Ferrando et al., 2017; Restrepo et al., 2007). Because we wanted all patients with asthma to experience FF/UMEC/VI 200/62.5/25 μg, we performed an uncontrolled “real-world” study. After the use of FF/UMEC/VI 200/62.5/25 μg, subjects were asked which drug they preferred. This was an observational study under the control of the Japanese drug use system since 2021.
The later the expiration flow is measured, the more it reflects the resistance of very small airways (West and Luks, 2022a). We report interesting data on the instantaneous flow at 25% of the forced vital capacity (V25). This effect of additional UMEC 62.5 μg is compared with our previous study that investigated FF/VI 200/25 μg (Umeda et al., 2019). Based on the effects of these drugs, we detected important findings in the field of pulmonary physiology and the pathophysiology of asthma.
2 PATIENTS AND METHODS
This was an open-label, uncontrolled, within-group time-series (before-after) study.
2.1 Enrollment
We recruited asthma outpatients at the IUHW Shioya Hospital (Yaita-City, Tochigi Prefecture, Japan) from February 2021 to April 2022 (IUHW Ethics Committee according to the Declaration of Helsinki, approval number: 20-B-452). Recruitment was conducted during the outpatient service by physicians of this Hospital. All subjects provided written consent before participating in this study. Registration site and number: UMIN000047506.
Inclusion criteria included: age ≥20 years, stable asthma with the use of ICS alone or ICS/LABA or ICS/LABA/LAMA, and unstable asthma with or without the use of inhalation therapy. Patients had to be diagnosed with moderate or severe asthma by pulmonary physicians (Global Initiative for Asthma, 2018).
Exclusion criteria were pregnancy, unstable asthma that needed an increase in systemic steroids, a recent history of life-threatening asthma, and/or concomitant life-threatening disease.
2.2 Study procedures
Previous inhalation treatments against asthma were switched to the once-daily use of FF/UMEC/VI 200/62.5/25 μg. For asthma patients without the use of inhalation treatments, FF/UMEC/VI 200/62.5/25 μg was initiated. Subjects were evaluated by lung function tests prior to, and 1–2 months after the initiation of FF/UMEC/VI 200/62.5/25 μg. The interval was shortened from 2–3 months to 1–2 months compared with our previous study of FF/VI 200/25 μg to reduce any bias caused by “lost to follow-up” (Umeda et al., 2019). CHESTAC-8900 (CHEST M.I., INC., Tokyo, Japan) was used for the lung function tests and asthma control test (ACT) scores were recorded concurrently (Global Initiative for Asthma, 2022). At 1–2 months after the initiation of FF/UMEC/VI 200/62.5/25 μg, subjects were asked which treatment they preferred. The response to the question on patient decision making was determined by providing qualitative responses during a conversation with a physician. The response to the questions of ACT was determined by selecting responses in a questionnaire. All adverse events and respiratory symptoms were recorded.
2.3 Data analysis
Data are shown as the mean ± standard deviation (SD). The Student’s paired t-test was used for comparisons between baseline and after the use of FF/UMEC/VI 200/62.5/25 μg (two-tailed). Statistical significance was set at p < 0.05. For the statistical analyses, Ekuseru-Toukei 2010 (Social Survey Research Information Co., Ltd., Tokyo, Japan) was used. The sample size was estimated according to our previous study on FF/VI 200/25 μg (n = 107) (Umeda et al., 2019). To compare multiple parameters with supposedly similar power, we adjusted the sample size to approximately 107. In addition, the sample size was estimated according to our pilot study using data from the initial 30 participants. Using FEV1 data as the primary endpoint, the expected effect size was 0.093 L with an SD of 0.211 L; therefore, the standardized effect size was 0.44 (Browner et al., 2013). To achieve 90% power to detect significance at the level of 5% (two-sided) for a one-sample t-test, approximately 57 participants were required. To evaluate the other parameters, we increased the sample size to 104. We treated lung function test data that was too early for before/baseline data (more than 3 months) or too late for after data (also more than 3 months) as missing lung function test data and thus excluded these patients’ data from the analysis.
2.4 Additional data with the omission
In order to compare the data on FF/UMEC/VI 200/62.5/25 μg with our previous study on the switching use of FF/VI 200/25 μg (Umeda et al., 2019), we additionally calculated the data with the omission of subjects who did not use inhalation drugs for more than 3 months before the initiation of FF/UMEC/VI 200/62.5/25 μg. Although multiple regression analysis, Wilcoxon signed rank test, and Bonferroni multiple comparisons were considered, there was no appropriate method for rigorously comparing before-after studies (paired t-test) conducted at different time points, and it was considered appropriate to compare the results of each before-after study in parallel and observe how significant differences emerged (Armitage et al., 2002; Dawson et al., 2004; Katz, 2011).
3 RESULTS
3.1 Study population
Overall, 114 adult patients with asthma (111 Japanese, 2 Peruvians, 1 Chinese; 57 males, 57 females; mean age: 70.2 ± 13.5 years) were enrolled from February 2021 to April 2022. Most patients were satisfied with their current treatment with regular maintenance inhalation therapy with ICS alone or ICS/LABA or ICS/LABA/LAMA. In two uncontrolled asthma patients, inhalation therapy was not used before the use of FF/UMEC/VI 200/62.5/25 μg. Patient characteristics (male/female) at baseline included: age 71.8 ± 11.8/65.4 ± 18.6 years, height 157 ± 10/159 ± 9 cm, weight 61.8 ± 14.7/61.4 ± 15.4 kg, body mass index 25.0 ± 5.1/24.0 ± 4.9 kg/m2; frequency of concurrent smoking 2%/2%, duration of asthma ≥5 years 68%/75%, number of exacerbations for 12 months before enrollment 0.2 ± 0.4/0.1 ± 0.3; comorbidity of emphysema 26%/21%, heart disease 18%/11%, cerebrovascular disease 12%/12%, hypertension 88%/74%, hyperlipidemia 28%/28%, and diabetes mellitus 25%/9%. The study flow is shown in Figure 1. One hundred and four subjects completed the study. Among these, 66% of subjects declared that they wanted to continue FF/UMEC/VI 200/62.5/25 μg in the future. Exacerbation of asthma with the intravenous steroid treatment was not noted in any patient during the observation period. Among 10 incomplete subjects, 4 subjects withdrew their consent because of adverse events. One subject withdrew her consent because the pharmacy which provided the brand-new drug was far from her house. One subject mistakenly used FF/UMEC/VI 200/62.5/25 μg probably because of language problems.
[image: Figure 1]FIGURE 1 | Study flow.
3.2 Previous drugs
Previous inhalation drugs used before the use of FF/UMEC/VI 200/62.5/25 μg are shown in Figure 2. The most frequently used drug was FF/VI 100 or 200/25 μg. Two subjects (2%) did not use any inhalation drugs for more than 3 months before the initiation of FF/UMEC/VI 200/62.5/25 μg.
[image: Figure 2]FIGURE 2 | Previous inhalation drugs used before the use of the single inhaler fluticasone furoate/umeclidinium/vilanterol 200/62.5/25 μg by asthma patients (n = 104). Two percent (n = 2) of subjects with asthma had not used inhalation drugs for more than 3 months before the use of this combined drug (None). B/F, budesonide with formoterol fumarate; FF/UMEC/VI, fluticasone furoate with umeclidinium and vilanterol; FF/VI, fluticasone furoate with vilanterol; FP, fluticasone propionate; FP/F, fluticasone propionate with formoterol fumarate; FP/S, fluticasone propionate with salmeterol xinofoate; UMEC/VI, umeclidinium with vilanterol. Drug dosage values represent daily doses.
3.3 Change in various airflow data
Changes in various airflow data are shown in the first lines of Table 1 (n = 104). The data in the second line (bold) are the data after the omission of two subjects who did not use inhalation drugs for more than 3 months before the initiation of FF/UMEC/VI 200/62.5/25 μg (n = 102). Peak flow (p < 0.001), V75 (p < 0.001), V50 (p < 0.001), V25 (p < 0.01), V25 to height (p < 0.01) and maximum mid-expiratory flow rate (p < 0.001) were significantly increased after the (switching) use of FF/UMEC/VI 200/62.5/25 μg. The p-value of V50 was the smallest (0.00014) among these airflow data. The p-value before (1st line) and after (2nd line) the omission was consistently almost the same. Most of the statistical results (p-value) were similar between this study and our previous study using FF/VI 200/25 μg, except for V25, V50/V25, and V25/HT (Umeda et al., 2019).
TABLE 1 | Changes in air flow data by the (switching) use of FF/UMEC/VI 200/62.5/25 μg and comparison between FF/UMEC/VI 200/62.5/25 μg and FF/VI 200/25 μg.
[image: Table 1]3.4 Other associated parameter changes
Changes in other lung function data and associated parameters are shown in the first lines of Table 2 (n = 104). The data in the second line (bold) are the data after the omission of two subjects who did not use inhalation drugs for more than 3 months before the initiation of FF/UMEC/VI 200/62.5/25 μg (n = 102). ACT score (p < 0.01), FEV1 (p < 0.001), percent predicted FEV1 (p < 0.001), vital capacity (VC) (p < 0.05), percent predicted VC (p < 0.05), forced vital capacity (FVC) (p < 0.05), percent predicted FVC (%FVC) (p < 0.01), and expiratory reserve volume (ERV) (p < 0.05) were significantly increased after the (switching) use of FF/UMEC/VI 200/62.5/25 μg in asthma patients. The p-value of FEV1 was extremely low (0.000050). The p-values on VC, percent predicted VC, FVC, %FVC, and ERV after the omission were a little larger than the p-values before the omission. Most of the statistical results (p-value) were similar between this study and our previous study using FF/VI 200/25 μg, except for FVC, %FVC, ERV, and IRV (Umeda et al., 2019).
TABLE 2 | Changes in other parameters by the (switching) use of FF/UMEC/VI 200/62.5/25 μg and comparison of the impact of rollout between FF/UMEC/VI 200/62.5/25 μg and FF/VI 200/25 μg.
[image: Table 2]3.5 Newly seen adverse effects
Newly seen adverse effects are shown in Figure 3. Most of the adverse effects were related to local side effects including uncomfortable sensations in the throat, bitter taste, and hoarseness. There was only one case of a serious event that was loss of consciousness in a subject with an old cerebral infarction. There was no case of acute exacerbation of asthma.
[image: Figure 3]FIGURE 3 | Newly seen adverse effects after the use of the single inhaler fluticasone furoate/umeclidinium/vilanterol 200/62.5/25 μg in asthma patients. Most adverse effects were related to local side effects.
3.6 Reasons for decision making
The main reason why subjects preferred FF/UMEC/VI 200/62.5/25 μg was a more powerful effect on asthma compared with previous drugs (Table 3). The main reason why subjects wanted to go back to previous drugs was the adverse effects of FF/UMEC/VI 200/62.5/25 μg.
TABLE 3 | Reasons for decision making (continue or return to previous drugs).
[image: Table 3]3.7 Comparison between the impact of the rollout of FF/UMEC/VI 200/62.5/25 μg and FF/VI 200/25 μg
Comparisons between the impact of the rollout of FF/UMEC/VI 200/62.5/25 μg and FF/VI 200/25 μg on various airflow data from asthma patients are shown in Table 1. The data in the third line (underlined) are from our previous study on FF/VI 200/25 μg (n = 107) (Umeda et al., 2019). Thirty-two subjects joined both studies. Peak flow, V75, V50, and maximum mid-expiratory flow rate were significantly increased by these rollouts. Nevertheless, V25 and V25 to height were significantly increased only by the rollout of FF/UMEC/VI 200/62.5/25 μg for asthma. Comparisons between the impact of the rollout of FF/UMEC/VI 200/62.5/25 μg and FF/VI 200/25 μg on other parameters are shown in Table 2. ACT score, FEV1, percent predicted FEV1, and percent predicted VC were significantly increased after the rollout of both drugs. Nevertheless, VC, FVC, %FVC, and ERV were significantly increased only by FF/UMEC/VI 200/62.5/25 μg. In contrast, inspiratory reserve volume (IRV) was significantly increased only by FF/VI 200/25 μg. These findings were consistently seen regardless of the data omission.
4 DISCUSSION
By comparing the data before and after the (switching) use of FF/UMEC/VI 200/62.5/25 μg for asthma patients, we obtained the following findings. First, many lung function test data were significantly increased by the (switching) use of FF/UMEC/VI 200/62.5/25 μg. Among these data, significant increases in V25 and ERV were thought to be especially important. All data were compared with our previous study of FF/VI 200/25 μg (Umeda et al., 2019). Second, ACT scores were significantly increased by the (switching) use of FF/UMEC/VI 200/62.5/25 μg, and 66% of subjects were satisfied with this combined drug compared with previous drugs and wanted to continue using it in the future. Finally, we showed that most of the adverse events observed during FF/UMEC/VI 200/62.5/25 μg treatment were local side effects, and therefore this combined drug was thought to be safe.
The interval between the day of initiating the new inhalation drug and the day of obtaining the after data was shortened from 2–3 months to 1–2 months compared with our previous study on FF/VI 200/25 μg (Umeda et al., 2019). The number of patients “lost to follow-up” was reduced from 5/128 enrollments to 0/114 enrollments (Umeda et al., 2019). An interval of 1–2 months was selected for this before-after study of the changes in lung function to reduce the drop-out ratio. The before-after lung function data were available only from completed subjects. The after data may be worse than the before (baseline) data in patients who dropped-out of the study. If the drop-out ratio increased, the before-after data would improve more than the actual data and this would be an important limitation for the study design.
FF/UMEC/VI 200/62.5/25 μg significantly increased the Peak flow, V75, V50, and V25. In contrast, FF/VI 200/25 μg significantly increased the Peak flow, V75, and V50, but did not significantly increase V25 (Umeda et al., 2019). To the best of our knowledge, this is the first report of treatments including umeclidinium that significantly increased V25 in asthma patients. One previous study reported that tiotropium, another LAMA, significantly increased V25 in COPD patients (Yoshida et al., 2017). The later the expiration flow is measured, the more the measurement reflects the resistance of the very small airways (West and Luks, 2022a). Therefore, smaller and more peripheral bronchi seemed to be more dilated by FF/UMEC/VI 200/62.5/25 μg than FF/VI 200/25 μg.
FF/UMEC/VI 200/62.5/25 μg did not significantly increase the IRV, but significantly increased the ERV and FVC. In contrast, FF/VI 200/25 μg significantly increased IRV, but did not significantly increase ERV or FVC. These findings were consistently seen regardless of the data omission of subjects who did not use inhalation drugs for more than 3 months before the initiation of FF/UMEC/VI 200/62.5/25 μg. The main targets of FF/VI 200/25 μg seemed to be relatively larger bronchi compared with FF/UMEC/VI 200/62.5/25 μg. Adding UMEC was thought to allow the expiration of more air and increase the FVC (Papandrinopoulou et al., 2012). To the best of our knowledge, this is the first report to show UMEC in combination with ICS/LABA significantly increased the ERV in asthma patients.
LAMA drugs were first approved for COPD, then asthma (Lee et al., 2015; Feldman et al., 2016; Pleasants et al., 2016; Donohue et al., 2012; 2013; Zhong et al., 2020; Singh et al., 2018; Maltais et al., 2014; Decramer et al., 2013; Tal-Singer et al., 2013; Trivedi et al., 2014). For example, tiotropium bromide, was approved for COPD in December 2010, then it was approved for asthma in November 2014 in Japan. UMEC as an inhalation monotherapy was approved for COPD in October 2015, but to date it has not been approved for asthma in Japan. Most COPD patients have emphysema. Therefore, LAMA was thought to be mainly effective on relatively small airways that are constricted via decreased traction by the destruction of alveolar walls in emphysema (West and Luks, 2022b).
M3 receptors are expressed on smooth muscle cells and lung submucosal glands, and they regulate contraction, and mucus production and secretion (Ferrando et al., 2017; Cazzola et al., 2012). LAMA may mediate its effects by the bronchodilation and inhibition of mucus secretion (Ferrando et al., 2017). Furthermore, the addition of a LAMA to a LABA might strengthen the parasympathetic antagonism and stimulate sympathetic activation to achieve a greater bronchodilation effect compared with single drugs (Ferrando et al., 2017; Calzetta et al., 2015; Fukunaga et al., 2016).
Interestingly, Ikeda et al. (2012) paradoxically reported a greater distribution of M3 muscarinic acetylcholine receptors on larger bronchi compared with smaller bronchi in human specimens obtained by lobectomy or pneumonectomy from lung cancer patients. Their competitive binding experiments showed that the greatest distribution of M3 receptors was on segmental bronchi, followed by subsegmental bronchi, then in lung parenchyma (Ikeda et al., 2012). Inversely, they showed the lowest distribution of β2 adrenergic receptors was on the segmental bronchi, followed by the subsegmental bronchi, and then the lung parenchyma (Ikeda et al., 2012). Therefore, the effects of FF/UMEC/VI 200/62.5/25 μg on small and peripheral bronchi might be related to synergistic effects between FF, VI, and UMEC rather than the sole additional effect of UMEC (Fukunaga et al., 2016; Pera and Penn, 2014; Liu et al., 2015). Another explanation is that the ligands of agonists/antagonists to M3 receptors and the bronchoconstriction/dilation actions might not always be linked. UMEC ligands for M3 receptors may not always cause a one-to-one correlation to the effects of bronchodilation.
Most of the adverse events noted were thought to be due to the local effects of FF/UMEC/VI 200/62.5/25 μg. The only serious event (loss of consciousness) was thought to be mainly due to an old cerebral infarction. Therefore, there were no serious side effects related to this drug combination.
The main limitation of our study was the weakness of the “real-world” design. An RCT is usually more powerful than a “real-world” uncontrolled trial (Newman et al., 2013). Observed changes might be due to improved medication adherence while participating in the study, or the placebo effect of participating in a longitudinal study. Recently, the CAPTAIN Study reported the findings of a large scale RCT comparing FF/UMEC/VI (200/62.5/25 μg, n = 408) with FF/VI (200/25 μg, n = 406) against inadequately controlled asthma (Lee et al., 2021). According to that study, adding UMEC improved lung function (FEV1), but it did not lead to a significant reduction in moderate and/or severe exacerbations. Clinically meaningful changes, such as in acute exacerbation frequency, can be observed by longer use of drugs; therefore, RCTs with a longer observation period may be better than our before-after study. The CAPTAIN Study observed asthmatic patients for 24 weeks and reported the efficacy and safety of FF/UMEC/VI 200/62.5/25 μg. However, data related to V25, ERV, and IRV were not reported in the RCT. The strength of our study is that we observed the precise changes in lung function and that all participants received FF/UMEC/VI 200/62.5/25 μg. It was evident that the majority (66%) of subjects preferred FF/UMEC/VI 200/62.5/25 μg to previous drugs. On the other hand, 93% of subjects preferred FF/VI 200/25 μg to previous drugs in our previous study (Umeda et al., 2019). The impact of the rollout of once-daily use of ICS/LABA including FF (FF/VI 200/25 μg) may be bigger than the rollout of FF/UMEC/VI 200/62.5/25 μg for asthma patients in Japan. The increase in V25 and/or ERV in this study was not thought to link great or specific satisfaction to asthma patients. Therefore, the additional dilation of peripheral airways by FF/UMEC/VI 200/62.5/25 μg may not be clinically detectable to physicians.
While RCTs are the gold standard for establishing the safety and efficacy of new drugs, an RCT with a longer duration of drug use may yield a disadvantage for patients. For instance, even if a physician feels that arm B is clearly better than arm A in a patient assigned to the arm A group at 4 weeks, this patient cannot be shifted from arm A to arm B for 24 weeks in an RCT such as the CAPTAIN Study. This situation is not ideal for patients in the real world. In the real world, physicians and patients only seek the best treatment for the individual patient. Therefore, the free selection of treatments after a short duration (e.g., 1–2 months) of the use of a new drug is more realistic. This is an additional strength of our study.
Although multiple regression analysis, Wilcoxon signed rank test, and Bonferroni multiple comparisons were considered, there was no appropriate method for rigorously comparing before-after studies (paired t-test) conducted at different time points, and it was considered appropriate to compare the results of each before-after study in parallel and observe how significant differences emerged (Armitage et al., 2002; Dawson et al., 2004; Katz, 2011). This method revealed a pattern in which only FF/VI 200/25 μg significantly increased IRV, and only FF/UMEC/VI 200/62.5/25 μg significantly increased V25 and ERV. Thus, we found that FF/VI 200/25 μg mainly dilated the central airways upon rollout, while FF/UMEC/VI 200/62.5/25 μg dilated the peripheral airways upon rollout.
5 CONCLUSION
In conclusion, FF/UMEC/VI 200/62.5/25 μg was effective against asthma without any serious adverse events. Adding UMEC 62.5 μg to FF/VI 200/25 μg was thought to dilate the peripheral and very small airways additionally or synergistically. This is the first report that demonstrated FF/UMEC/VI 200/62.5/25 μg significantly increased V25 and ERV in asthma patients. Therefore, this is the first report that demonstrated FF/UMEC/VI 200/62.5/25 μg dilated peripheral and very small airways using lung function tests. This evidence on drug effects may improve our understanding of pulmonary physiology and the pathophysiology of asthma.
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The first line (n = 104): Comparison between before and after the (switching) use of single-inhaler fluticasone furoate 200 g plus umeclidinium 625 g plus vilanterol 25 g (FF/UMEC/VI
200/62.5/25 g) (paired t-test, two-tailed). The second line (bold, n = 102): The data of two subjects who did not use inhalation drugs for more than 3 months before the initiation of FF/UMEC/
VI200/62.5/25 g were omitted. The third line (underlined, n = 107): The data from our previous study using FF/VI 200/25 g (Umeda et al., 2019). Note that ERV was significantly increased
only in the FF/UMEC/VI 200/62.5/25 yggroups and IRV was significantly increased only in the FF/V1200/25 ug group. ACT, asthma control test; ERV, expiratory reserve volume; FEV,, forced
expiratory volume in 1 5; FVC, forced vital capacity; IC, inspiratory capacity; IRV, inspiratory reserve volume; SpO;, oxygen saturation by pulse oximetry; TV, tidal volume; VG, vital capacity; %
FEV,, percent predicted forced expiratory volume in 1 s; %FVC, percent predicted forced vital capacity; %VC, percent predicted vital capacity.
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of tiotropium 1 case).Sleep better: switch from FF/VI 200/25 pg plus separate device of
UMEC, 1 case) Cough decreased: switch from FF/VI 100/25 pg, B/F (2 cases, 1 case,
respectively).Less effort than /P (1 case)

Adverse effects. Discomfort sensation in the throat: switch from FE/VI 100 or 200/
25 g, BIF, EP/E, FE/UMEC/VI 100/62.5/25 pg (5 cases, 2 cases, 1 case, 1 case).
Hoarseness: switch from FE/VI 100/25 pg, FP/F, FF/UMEC/VI 100/62.5/25 pg

(5 cases, 1 case, 1 case). Bitter taste: switch from FF/VI 100 or 200/25 pg (6 cases).
Cough: switch from FE/VI 100/25 pg, B/F, FP/F (3 cases, 2 cases, 1 case). Dry mouth:
switch from FF/VI 100/25 g, B/F (1 case, respectively). Appetite loss: switch from FF/
VI 100/25 pg (1 case). Vomiting sensation: switch from FE/VI 100/25 pg (I case).
Neck pain: switch from FE/VI 200/25 pg (1 case). Numbness in hand: switch from FE/
VI 100/25 pg (1 case). Diarrhea and malaise: switch from B/F (I case). Loss of
consciousness: switch from FE/UMEC/VI 100/62.5/25 g (1 case). Feeling of residual
urine: switch from FF/VI 100/25 pg (1 case). Tingling tongue: switch from FF/V1 100/
25 g (1 case). More expensive (2 cases). Less relief (1 case). Worse device than B/F
(1 case)

B/F, budesonide/formoterol fumarate 320-1280/9-36 pg: FF/UMEC/VI, fluticasone furoate/umeclidinium/vilanterol; FF/VI, fluticasone furoate/vilanterol; FP/F, fluticasone propionate/
formoterol famarate 500/20 pg; FP/S, fluticasone propionate/salmeterol xinafoate 500/100 ug. Drug dosage values represent daily doses.
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The first line (n = 104): Comparison between before and after the (switching) use of single-inhaler fluticasone furoate 200 g plus umeclidinium 62.5 g plus vilanterol 25 g (FF/UMEC/VI
200/62.5/25 g) (paired t-test, two-tailed). The second line (bold, n = 102): The data of two subjects who did not use inhalation drugs for more than 3 months before the initiation of FF/UMEC/
VI 200/62.5/25 ug were omitted. The third line (underlined, n = 107): The data from our previous study using FF/VI 200/25 g (Umeda et al, 2019). Note that V25 and V25/HT were
significantly increased only in the FF/UMEC/VI 200/625/25 g groups. MMF, maximum mid-expiratory flow rate; V75, instantaneous flow at 75% of the forced vital capacity; V50,

instantaneous flow at 50% of the forced vital capacity; V25, instantaneous flow at 25% of the forced vital capacity; V50/V25, V50 to V25; V25/HT, V25 to
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